
ABSTRACT

A draghead known as “the pilferer”, based 

on the principle of erosion, was invented by 

DEME dredging company. Using the concept 

of van Rhee (2010) the erosion behaviour of 

this particular draghead was investigated.  

The erosion rates created by the flow velocity 

along the seabed are calculated using 

potential flow theory. Certain assumptions 

were made during the use of this theory. 

These assumptions were validated in a 

Computational Fluid Dynamics (CFD) model 

using OpenFOAM. The CFD model also gave  

a better understanding of the flow field of a 

draghead during the erosion process. With 

these theories the productions of the erosion 

head were calculated and compared to reality. 

Agreement between calculations and the real 

situation is promising. The theory explained in 

this research can also be used to describe the 
erosion behaviour of other types of dragheads. 
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Belgium for their contributions to this 

research. This article originally was published 

in the Proceedings of the CEDA Dredging 

Days 2012 in Abu Dhabi and is reprinted here 

in an adapted version with permission.

INTRODUCTION

In 2010 DEME (Dredging, Environmental and 

Marine Engineering) wanted to tender for a 

dredging project at the River Scheldt in Belgium. 

At this project site two 50kV electricity cables 

were buried which could not be touched, yet 

dredging works needed to be done in their 

vicinity. As a result of years of erosion from 

river flow and other natural effects, the depth 

of these cables was not precisely known. 

Therefore careful dredging was recommended. 

DEME wanted to make use of one of their 

existing vessels without much extra equipment 

onboard and therefore they decided to 

develop a specialised type of draghead. The 

results was the so-called “pilferer” draghead 

(see Figures 1 and 2), which is based on the 

principle of erosion and can remove small 

layers of soil without really touching the river- 

or seabed. This would allow careful dredging 

without damaging the buried cables.

The draghead is the part of the dredging 

excavating system that is in touch with the 

seabed. Most dragheads excavate soil from 

the seabed with the help of jet water flow 

and a number of teeth. The pilferer draghead 

is designed without teeth and with jets that 

have a relatively low jet water velocity (up to 

10 m/s). These jets are positioned in such a 

way that their only purpose is to create a 

higher water flow to the draghead for better 

transport of the eroded sand particles. The 

erosion is set up by a flow along the seabed 

which is created by the suction effect of the 

centrifugal pump. This topic was a research 

project as part of an MSc study in the Section 

Offshore and Dredging Engineering at Delft 

University of Technology, carried out under 

the guidance of Professor C. van Rhee and 

started in March 2011. For describing the 

erosion behaviour of the pilferer draghead 

actually three main ingredients are necessary: 

1 erosion theory

2 flow velocities along the seabed

3 groundwater flow

eRosIon BeHAVIoUR oF A DRAGHeAD 

ARnAUD VeRscHeLDe, cees VAn RHee AnD MARc VAn Den BRoeck

Above: Unlike traditional dragheads, the so-called 

“pilferer” draghead is designed without teeth, and with 

jets with a relatively low jet water velocity. The pilferer is 

based on the principle of erosion and can remove small 

layers of soil without really touching the river- or 

seabed. This allowed for careful dredging of the bed of 

the River Scheldt without damaging buried cables.
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These three subjects were each investigated 

separately and brought together at the end  

of the research for describing the erosion 

behaviour of the pilferer draghead. In this 

article, first a description is given of erosion 

theory, then how the flow velocities along the 

seabed evolve are explained, next the ground-

water flow theory is clarified, and finally these 

three subjects are combined to explain the 

final erosion behaviour of the draghead.

Although in this research only the erosion 

behaviour of the pilferer draghead was 

investigated, using the theory explained here, 

the erosion behaviour of other types of 

dragheads can also be investigated.

eRosIon tHeoRY
The research started by comparing several 

erosion theories in a literature study. Three 

erosion theories were found to be appropriate 

for this research. These were the theory of 

van Rijn (1984), the theory of Visser (1995) 

and the theory of van Rhee (2010). Visser 

(Bisschop, Visser, van Rhee and Verhagen, 

2010) compared these theories with his 

theory and measurements and came to the 

conclusion that the van Rhee theory (2010) 

was the most consistent with the real 

situation. This is one of the reasons why the 

van Rhee theory was used for this research.

The theory of van Rhee (2010) is based on the 

theory of van Rijn (1984). The theory of van Rijn 

(1984) can only be used for erosion created 

by low velocities (< 10 m/s). With the 

adjustments of van Rhee, this theory can be 

used for erosion created by higher flow 

velocities (≥ 10 m/s). Because during dredging 

the flow velocities that are encountered are 

higher than 10 m/s, the van Rhee theory 

(2010) was preferred for this research. The 
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Figure 1. A 3D drawing of the pilferer draghead. The draghead is designed without teeth but with jets with a relatively low jet water velocity, which are positioned so that they 

purposefully create a higher water flow to the draghead for transporting the eroded sand particles.

Figure 2. Two views of the pilferer with a close-up of the waterjets.
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where: 
𝐷𝐷∗ =  dimensionless particle diameter 
𝜃𝜃!"!  = adapted critical Shields parameter 
This adapted critical Shields parameter 𝜃𝜃!"!  is different from van Rijn in that it takes into 
account a hydraulic gradient and the slope angle. The adapted critical Shields parameter is: 
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where: 
𝑔𝑔 = gravitational acceleration 
𝐷𝐷!" = median particle size diameter 
𝜏𝜏 = bed shear stress 
𝜃𝜃 = Shields parameter = !

!!!!! !!!"
 

𝜃𝜃!" = critical Shields parameter 
𝜙𝜙 = angle of internal friction 
𝛽𝛽 = slope angle 
𝑘𝑘! = permeability at moment of dilatation 
𝑛𝑛! = porosity at moment of dilatation 
𝐴𝐴 = constant describing single particle or continuum mode stability 
∆ = relative sediment density = !!!!!

!!
 

𝜃𝜃 is the Shields parameter and is a non-dimensional number for describing the bed shear 
stress. If the critical Shields parameter 𝜃𝜃!" is exceeded then the initiation of motion of the 
sand particles will start (Miedema, 2008). The critical value of 𝜃𝜃 in equation (4) is multiplied 
by a term which includes the slope angle and an extra term which is important at high erosion 
velocities. This last term is a multiplication of the hydraulic gradient that is present during 
erosion !!

!!
∙ !!!!!
!!!!

 with a constant. The hydraulic gradient results from the dilatant behaviour 
from the upper part of the soil that is subjected to the flow. 
The slope angle of the soil is rapidly changing during the dredging process of erosion. This 
problem is encountered by dividing the erosion zone into several subparts and constantly 
calculating the erosion and slope angle subsequently (see Figure 3). This calculation was 
done numerically by solving equation (5). This numerical calculation was done with the help 
of the Newton-Raphson method. 
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Figure 3. Division of the dredging 

profile into several intervals.
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s
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Figure 4. Potential (green) lines and flow (blue) lines at 

the suction mouth of the draghead.
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Figure 5. Illustration of contraction and expansion of 

the flow (here outer flow lines are shown).

Figure 6. Cross-section of the CFD results with the flow velocities of the pilferer draghead.
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method.
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FLoW VeLocItIes ALonG tHe seABeD
For erosion to occur a flow along the seabed, 

which picks up the sand particles and brings 

them to the suction mouth, must be present. 

This flow is created by the pressure difference 

between the inside and the outside of the 

draghead. This pressure difference is set up by 

the centrifugal pump of the trailing suction 

hopper dredger. The problem of determining 

the evolution of the flow velocities along the 

seabed was solved with the potential flow 

theory. The assumption of the pattern of the 

potential flow lines and the corresponding 

changing seabed profile are shown in Figure 4.

In this figure the potential lines are drawn 

when the flow comes from the left-hand side 

only. This is done for clarity of the picture.  

In reality, the flow comes from the left- and 

right-hand sides. The assumption was made 

that these flows will interfere and on the 

middle line of the suction mouth there will be 

no flow. This explains the horizontal path of 

the dredging profile in Figure 4. Also some 

turbulence will occur when the flow enters 

the suction mouth of the draghead.

In Figure 4, V0
 is the undisturbed flow going 

to the suction mouth and V
m
 is the mixture 

velocity. SO
A
 is the suction opening at the left 

hand side and SO
B
 is the suction opening at 

the other side of the draghead. 𝜙𝜙 =
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥
𝑦𝑦

 
(7) 
 

 
It should be noted that the 𝝓𝝓𝟏𝟏 in the formulas (6) and (7) represents the same potential lines 
(the green lines) as defined in Figure 4. The groundwater flow can be found by superposition 
of formulas (6) and (7). The coordinate system for defining the groundwater flow of the 
pilferer draghead was chosen as follows: 

𝜙𝜙 = −
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥 − 0.5𝑏𝑏
𝑦𝑦
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where: 
b = width of the suction mouth of the draghead. 

𝜙𝜙 =
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥 + 0.5𝑏𝑏
𝑦𝑦

 
(9) 
 

  

𝜙𝜙 = −
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥 − 0.5𝑏𝑏
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+
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥 + 0.5𝑏𝑏
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(10) 
 

x
 is an 

indication of the potential line with an 

increasing indices for the potential lines 

moving further away from the suction mouth.

The potential lines combined with the erosion 

theory described in the first part of this article 

can determine the final seabed profile and 

the geometric production of the draghead.  

To determine the potential lines, first a 

calculation was made of the flow created by 

the centrifugal pump. This flow was calculated 

with the help of the vacuum formula for a 

centrifugal pump. This formula consists of a 

pressure head, a velocity head and an elevation 

head. The velocity head includes extra losses 

of the flow going to the centrifugal pump. 

For the frictional losses the Wilson model for 

inclined flow was used (Matousek, 2004). 

Other frictional losses are created by the 

contraction of the flow coming from outside 

the draghead and going to the suction 

mouth. When the flow enters the suction 

mouth and goes through the draghead, the 

flow expands again going to the suction pipe. 

A simple drawing of this process is shown in 

Figure 5. This is again for the clarity of the 

figure shown for the flow going from one 

direction to the suction mouth. In reality the 

flow comes from two directions. The losses 

created by the contraction and expansion of 

a flow are described by Carnot (Becker, 1977).

The vacuum formula calculates the flow velocity 

in the suction pipe. By the relationship between 

the diameter of the suction pipe and the suction 

opening, the flow velocity at the suction 

opening could be predicted. The evolution of 

the flow velocities along the seabed could then 

be found with the help of the potential lines 

shown in Figure 4. This was done by taking 

the calculated flow velocity under the suction 

mouth, calculating the length of the 

corresponding potential line and then frequently 

calculating the length of the potential lines 

(see Figure 4) and the corresponding flow 

velocity at that position. This made it possible 

to predict the flow velocities along the seabed 

necessary for creating erosion.

For the pilferer draghead three possible suction 

openings were made: 20 cm, 10 cm and 5 cm. 

For the 20-cm suction opening realistic results 

were found for the flow velocity under the 

suction mouth with the theory described here. 
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Figure 7. Detailed view of 

the suction mouth with the 

flow velocities and 

corresponding legend.

X

Y
Excavating profile and groundwater 

from underneath a draghead without jets

Figure 8. Groundwater flow lines of a draghead.

Figure 9. The definition coordinate system for 

determination of ground-water flow.

For smaller suction openings (10 and 5 cm), 

no realistic results were produced. This can  

be explained by the fact the flow velocities 

under the suction mouth can increase to high 

values (locally this can be higher than 30 m/s) 

and the Wilson model is not developed to 

work with such high accelerations of the 

flow. Therefore it was decided to use a 

Computational Fluid Dynamics (CFD) model. 

This model was also necessary to check 

whether the assumptions made in the 

beginning of this research were correct. For the 

CFD modelling the programme OpenFOAM 

was used. The Navier Stokes equations were 

solved using the RANS (Reynolds Average 

Navier Stokes) method. This solution was 

done with the help of the SIMPLE FOAM 

solver of the OpenFOAM CFD library (SIMPLE 

= Semi-Implicit Pressure-Linked Equations). 

In Figure 6 some pictures of the CFD calculation 

results are given. Some results of the CFD 

calculation of the flow velocities in and around 

the draghead are shown when the draghead 

is perpendicular to the seabed. These are two 

cross-sections of the pilferer draghead; one 

cross-section from the side (see Figure 6a) and 

one cross-section from the front (see Figure 6b) 

of the draghead. These cross-sections are 

taken at the middle line of each side. Figure 7 

gives a more detailed view of the suction 

mouth and its flow velocities calculated with 

the CFD programme OpenFOAM. In these 

calculations the flow velocities are calculated 

for a flow velocity set up by the pump. The scale 

next to each picture in Figure 6 indicates the 

values of the flow velocities. The closer to the 

color red, the higher the flow velocity. The flow 

velocity set up by the pump is here 10 m/s. 

These values were taken from the real measured 

pump flow velocities onboard DEME’s trailing 

suction hopper dredger Jade River. The average 

suction opening used for the calculation shown 

here is 20 cm. The local accelerations of the 

flow going under the suction mouth into the 

draghead were also noticed in the CFD results 

(see red area in Figure 6). For smaller suction 

openings, this effect was even more noticeable, 

which agreed with the assumptions made in 

the beginning of the research (the contraction 

and expansion of the flow shown in Figure 5 

and the local accelerations created by these 

effects). The inclination angle of the suction 

pipe according to the ship is for this 

calculation set to 45 degrees. This is done 

because then the draghead is perpendicular  

to the seabed. According to the calculations 

this situation gives the highest geometric 

productions. This is an effect that was also 

experienced in the field.

Note that the bottom line in Figure 6 is kept 

fixed. This line represents the seabed. Also one 

can see that in Figure 6a there is more flow 

coming from the left-hand side than from the 

right-hand side. This is because at the left the 

suction opening is bigger, allowing more flow 

to pass. In reality the seabed will deform and 

the flow will be coming more from the right-

hand side than is shown in Figure 6a. 

Therefore, for this research, the flow velocity 

just under the suction mouth is taken and the 

other flow velocities in the erosion affected 

zone are calculated with the potential flow 

theory. Combining this theory with the theory 

explained under “Erosion Theory” above, it was 

now possible to determine the seabed profile.

GRoUnDWAteR FLoW
During the excavation process of sediment 

from the seabed, groundwater flow is 

present. This groundwater flow moves 

towards the suction opening of the draghead 

creating an area under the suction mouth at 

which the stability of the sand particles is 

reduced. If the stability of the sand particles is 

lower, the sand can be eroded more easily. 

Therefore the groundwater flow theory is 

examined here to see if this flow is great 

enough to increase the erosion process.

 

Figure 8 shows approximately what the 

groundwater flow in the width of a draghead 

looks like. The function describing the 

groundwater flow going from left to right 

was deduced as:  

𝜙𝜙 = −
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥
𝑦𝑦
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The function is the same for the flow going 

from right to left, except for a sign difference:

𝜙𝜙 =
𝜙𝜙!
𝜋𝜋
∙ tan!!

𝑥𝑥
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It should be noted that the 𝝓𝝓𝟏𝟏 in the formulas (6) and (7) represents the same potential lines 
(the green lines) as defined in Figure 4. The groundwater flow can be found by superposition 
of formulas (6) and (7). The coordinate system for defining the groundwater flow of the 
pilferer draghead was chosen as follows: 
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in the formulas (6) 

and (7) represents the same potential lines (the 

green lines) as defined in Figure 4. The ground-

water flow can be found by super-position of 

formulas (6) and (7). The coordinate system for 

defining the groundwater flow of the pilferer 

draghead was chosen as shown in Figure 9.

In Figure 9, ‘b’ represents the width of the 

draghead. With the help of Figure 9 and 

formula (6), it was deduced that the flow 
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of the draghead. Closer to the suction 

openings the flow velocity will rapidly 

increase. If the amount of intervals chosen  

is too small, the acceleration of the flow 

going to the suction mouth is overestimated. 

This results in erosion rates that are too high. 

With the help of the MATLAB code the 

correct amount of intervals was found.  

This was done by searching for a number of 

intervals at which the dredging profile did not 

change anymore. If the amount of intervals 

exceeded this number and the calculated 

dredging profile remained unchanged, the 

correct amount of intervals was determined. 

Figure 10 shows a calculated MATLAB 

example of the dredging profile.

 

One should assume in Figure 10 that the 

draghead is located at position 0 of the x-axis. 

The calculated dredging profile shown in 

Figure 10 was done for a median particle size 

diameter D
50

 of 300 μm and an average 

suction opening of 10 cm. (This suction 

opening was taken at the middle line of the 

pilferer draghead.) The maximal flow velocity 

along the seabed was calculated to be 15.5 m/s. 

This was calculated with the help of the CFD 

model and the potential flow theory. For this 

example a soil layer of 11 cm is removed and the 

production was calculated to be 786 m3/hour. 

In reality the production varied between 784 

and 794 m3/hour for this case.

behaviour of the draghead only gave a slight 

improvement to the real situation. The calculated 

geometric productions matched the real 

productions a few m3 per hour more. Still this 

theory was an improvement of the calculations 

in comparison to the real production. The final 

calculation of the geometric productions is 

explained in the next paragraph.

cALcULAtIon oF tHe eRosIon 
BeHAVIoUR oF tHe DRAGHeAD
The theories described above were combined 

in a MATLAB calculation model. With this 

model the removed amount of sediment was 

calculated. The dredging profile was set up by 

calculating the slope and the erosion velocity 

at a certain distance between the boundaries of 

the erosion affected zone. These boundaries 

were determined with the help of the 

corresponding potential lines and transport 

parameter T.

𝑇𝑇 =
𝜙𝜙 − 𝜙𝜙!"!

𝜙𝜙!"!
 

(11) 
 (11)

The distance between the boundaries of the 

erosion-affected zone were divided into a 

certain amount of intervals. These intervals 

needed to be made small enough so as not to 

have an overestimation of the calculated 

geometric production. This phenomenon is 

explained by the fact that the flow velocity 

slowly increases going to the suction openings 

going from left to right can be described with 

the following equation:
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where:

b = width of the suction mouth of the 

draghead.

The groundwater flow going from right to left 

is deduced in the same manner and is the 

following formula:
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Superposition of the formulas (8) and (9) gives 

the equation (10).
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Formula (10) was already deduced by Professor 

Vlasblom of Delft University of Technology in 

2004. His method of deducing the equation 

was never published. This formula was used 

to describe the groundwater flow at several 

positions in the erosion affected zone with the 

help of the potential lines shown in Figure 4. 

The implementation of the groundwater flow 

theory in the final calculation of the erosion 

Figure 10. Calculated 

dredging profile for a suction 

opening of 10 cm.
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Another case that was investigated was for an 

average suction opening of 5 cm. The 

maximum flow velocity along the seabed was 

30 m/s according to the CFD model. The 

median particle size diameter was 310 μm. 

The productions were in the range of 800 to 

820 m3/hour. The calculated production was 

816 m3/hour with a corresponding removed 

soil layer of 14 cm.

Several other cases were investigated and 

further agreement between the calculations 

and the real situations were found to be 

good. The maximum D
50

 particle size diameter 

dredged with the pilferer draghead was 400 μm.

Later on it was decided to add a jet system to 

the pilferer draghead to create an extra water 

flow to the suction mouth of the draghead.  

It was assumed that this jet flow would not 

create erosion because of its low flow velocity 

(≈10 m/s), but this was not investigated and 

so it is not clear whether the jet flow actually 

does or does not create erosion. The jet flow 

was taken into account in the calculation of 

the dredging profile according to the jet flow 

concept of Pani and Dash (1983). This gave 

only a slight improvement in the calculated 

production values as compared to the real 

values.
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After this job the contractor, Dredging 
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