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Loading space and method of loading such a loading space with slurry

TECHNICAL FIELD

The invention relates to a method of loading a loading space of a vessel with
dredging materials, wherein the method comprises loading a slurry comprising
dredging materials and water into the loading space. The invention further relates to a
loading space of a vessel suitable for holding a mixture of dredging materials and water

and to such a vessel.

BACKGROUND

Dredging operations are performed to maintain the depth of and deepen shipping
channels, to dredge new shipping channels and for sand and gravel extraction, for
example for infrastructure projects and land reclamation. Depending on the type of
work and location, widely differing dredging materials are dredged: sludge, clay, fine
sand, coarse sand, gravel, rock and often a combination thereof.

During a dredging operation, the dredging material may be fed into a loading
space, also referred to as a bin or a hopper, of a vessel such as a dredger or a trailing
suction hopper dredger. The dredging materials are mixed with water to be able to
pump the dredging materials towards and into the loading space. Such a mixture is also
referred to as slurry.

Dredging may be done using a suitable dredging vessel, such as a trailing suction
hopper dredger (TSHD) or a cutter suction dredger (CSD). Such vessels comprise
suitable propulsion means.

The dredging cycle starts with an empty loading space 1, as schematically shown
in Fig. 1, which is typically loaded in about 1 to 2 hours. A mixture of dredging
materials and water is pumped into the loading space 1. Such a mixture may have a
density of 1200 — 1700 kg/m’.

During the dredging operation, the level of the mixture in the loading space 1
rises, while the dredging materials settle, i.e. sink to the bottom of the loading space 1.
Especially fine materials, such as fine sand, need time to settle.

The settled part is referred to as the sand bed or settled bed 5 (settled sand). The

unsettled mixture above it is referred to as the mixture soup 3. If the maximum loading
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space level is reached, the top layer of the mixture soup 3 is fed outwards via a so-
called overflow 7 and loading can continue for a further period (this situation is not
shown in Fig. 1). Dredging may be continue until the density pn, of the mixture soup 3
which flows away through the overflow is so high that it is no longer efficient to
continue loading.

The more unsettled materials are comprised in the overflow, the less efficient the
dredging and loading process. So, this forms an incentive to create a clean as possible
overtlow.

In some areas, overflow is not permitted due to environmental regulations as the
unsettled materials which are present in the overflow pollute the top layers of the water.
So, this forms another incentive to create a clean overflow, as this may help to get
permission to overflow in such areas, as a clean overflow will not or not significantly
pollute the top layers of the water.

The loading space 1 may comprise means to unload the loading space 1, such as
doors in the bottom of the loading space 1 which may be opened to unload the dredged
material or a pump and a rainbow installation to rainbow the dredged material out of
the loading space 1. These unloading means are not shown in the Figures.

It is important that the dredging operation is as efficient as possible. If the loading
space 1 is filled too quickly, the overflow will comprise relatively large amounts of
dredging materials. Filling which is too slow is not attractive from a cost perspective.

JP2004261761 describes a slurry treatment system which performs solid-liquid
separation of slurry in a transport passage of the slurry. The system comprises a
reflection plate and an ultrasonic vibrator for standing wave formation and is activated
and stopped at prescribed cyclic intervals by starting and stopping the irradiation with
an ultrasonic wave. The system is installed in a transport passage of the slurry. This
makes it a difficult system to install. Also, slurry treatment can only be applied during a
relatively short period of time, i.e. only when the slurry passes the reflection plate.

US3,606,036 describes to pump slurry into a vessel. The slurry is permitted to
settle yielding an upper fraction or layer of essentially clear, excess water overlying a
settled, more concentrated fraction of solids. In order to promote the densification and
settling of the slurry, sonic vibrations can be applied and the frequency of such

vibrations is preferably adjusted to promote the rate of settling.
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WO96/30727A1 describes a method and system of promoting discharge of
essentially non-flowing material through a bottom opening of a container, such as a
storage bin or hopper. It is noted that it may be difficult to unload the material from the
hopper as when a gate at a bottom opening is opened the material may not flow through
the opening but will "hang-up" within the hopper, bridging or arching across the
bottom opening. According to this document, in order to dislodge the material and
cause it to substantially "flow" through the hopper bottom opening, a movable panel is
located adjacent to the opening, at the deepest region within the hopper where the
material is most compact. The movable panel has a free end which is pivotable about a
fixed upper end of the panel where it is rotatably connected via an elongated
horizontally extending hinge. Its angular disposition and intended movement against
and away from the underside of the mass will create an unstable condition within the
material which will cause it to break off and tumble under its own weight, falling
through the opening. The repeated, slow manoeuvring of the panel, first upwardly and
then downwardly, sequentially recreates such instability within the material, causing
successive, comparatively small lumps of it to break off frequently, thereby promoting
flow through hopper opening. This document thus relates to the unloading of
essentially non-flowing materials.

DE3409205 describes to vibrate a container to enhance separation of a two-phase
mixture of liquid and solids. W0O2009144031A2 describes a method and apparatus to

move particles in a fluid by moving a container comprising the fluid and the particles.

SUMMARY

It is an object to provide a method of loading a loading space with dredged
materials and such a loading space which can be loaded more efficiently.

Therefore, according to a first aspect a method of loading a loading space of a
vessel with dredging materials is provided, wherein the method comprises

a) loading a slurry comprising dredging materials and water into the loading
space, and

b) generating at least one pressure wave through the slurry inside the loading

space to enhance the formation of a settled bed of the dredging materials.
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The actions a) and b) may be performed simultaneously or alternately, i.e. the
pressure waves may be generated while the loading of the mixture is finished or
temporally interrupted. This will be described in more detail below.

The dredging materials are allowed to settle, i.e. sink to the bottom of the loading
space to form a settled bed. By applying a pressure wave the settling process is
accelerated, which results in more time and cost efficient loading and a cleaner
overflow. This is advantageous from a cost-perspective as the dredging and loading can
be performed more efficiently. Also, the overflow will be cleaner, contributing to the
sustainability of the dredging process.

According to an embodiment the pressure wave is generated by actuating a
member which is movable arranged in the loading space. This is an advantageous way
of generating a pressure wave inside the loading space.

According to an embodiment the at least one pressure wave is generated by
actuating a member which is movable arranged in the loading space to perform a
reciprocating motion, wherein movement in a first direction is performed at least five
times faster than movement in a second direction, the second direction being opposite
the first direction.

The movement of the member inside the loading space may be given by a curve
which has a saw tooth shape in a movement vs. time diagram, wherein a first slope of
the saw tooth associated with the movement in the first direction is at least five times
higher than a second slope of the saw tooth associated with the movement in the second
direction. The second slope is of course of an opposite sign than the first slope.

In fact, the movement in the first direction may be applied as fast as possible, for
instance within 200 ms. The movement in the second direction may take 1s, or longer,
such as for instance 10s or 20s.

The length of the stroke, the amount of force applied, the speed of movement
during movement in the second direction may be varied and set depending on the
circumstances, such as type of dredging materials (size of grains of sand), size of the
loading space. For instance, the length of the stroke may be in the range of 1 — 500 mm,
for instance in the range of 250 — 300 mm.

According to an embodiment a plurality of pressure waves are generated with a

frequency of less than 0,2 Hz. It has been found that frequencies of less than 0,2 Hz are
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advantageous. Such a frequency is low enough to give the mixture soup enough time to
settle in between subsequent pressure waves.

According to an embodiment the pressure waves are generated by actuating a
member which is movable arranged in the loading space in a reciprocating motion,
wherein subsequent reciprocating motions are alternated with periods of non-motion.

In between the reciprocating motions, periods of non-motion of the member may
be applied, in which the mixture soup is not-disturbed and settlement is thus enhanced.
The pressure wave may for instance be generated using available underwater wave
generators, such as known from swimming pools with wave generators.

According to an embodiment the loading space comprises a vertically orientated
plate and an actuator, wherein the plate is hingeably mounted to the inside of the
loading space along a hinge axis along a lower edge of the plate and wherein the
actuator is mounted to push and pull the plate at a position remote from the hinge axis
to generate the at least one pressure wave through the slurry inside the loading space.
Such an arrangement is a relatively easy and reliable way of providing a member inside
the loading space to generate pressure waves. The actuator may be a hydraulic cylinder,
hydraulic ram or any other suitable actuator. The actuator may also be formed by a
number of parallel hydraulic cylinders, hydraulic rams or a number of other suitable
parallel actuators.

The plate may be positioned inside the loading space parallel to a substantially
vertical side wall of the loading space. Alternatively, the plate may constitute a side
wall of the loading space.

The actuator may cause the plate to rotate about the hinge axis. Of course, in case
lower part of the plate is already in the settled bed, only the part of the plate above the
settled bed will substantially move, as the lower part of the plate is fixed in position by
the settled bed.

The plate may be mounted to the inside of the loading space by a flexible
connection member, such as a rubber strip which is along a first longitudinal edge
attached to a side wall of the loading and along a second longitudinal edge, opposite the
first longitudinal edge, attached to the plate to form a flexible connection which serves

as hinge axis.
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The plate may at least partially protrude above the loading space. The actuator
may be mounted outside the loading space, for instance on deck of the vessel, and may
be connected to part of the plate which protrudes above the loading space.

According to an embodiment the plate is a fibre enforced plate. The fibres may be
orientated parallel to each other in such a way that the plate has elastic properties in the
vertical direction, allowing the plate to bend to overcome stress that may be induced in
the plate when actuated while a lower part of the plate is already in the settled bed.

In general, the plate may be a flexible plate.

According to an embodiment the plate is formed by a frame of spring steel strips
in which a number of partially overlapping plate parts are mounted. This way, the plate
may be made flexible.

According to an embodiment the pressure wave is generated to travel through the
loading space in a substantial horizontal direction. It has been found that pressure
waves in the horizontal direction are most effective in enhancing the settling process.
Also, pressure waves in this direction reduce the risk of disturbing the settled bed and
causing the settled bed to unsettle by applying vertical motion to the settled particles.

The term horizontal as used in this context refers to a direction which is in a plane
defined by the lateral or pitch axis of the vessel and the longitudinal or roll axis of the
vessel. The lateral axis passes through the vessel from a pilot’s left to right. The
longitudinal axis passes through the vessel from tail to nose. In other words, the
horizontal direction may deviate from a true horizontal direction due to vessel motion
on the water (waves).

The member which is positioned in the loading space may thus be actuated in a
horizontal direction in order to generate the horizontal pressure waves.

According to an embodiment action a) is finished or temporally interrupted when
performing action b). According to this embodiment the at least one pressure wave is
generated when no slurry is loaded into the loading space. By (temporally) interrupting
the loading, the slurry already present in the loading space, especially the mixture soup,
is no longer disturbed and moved by the incoming slurry, which contributes to efficient
settling. The loading may be interrupted temporally, i.e. the loading may be resumed
after the interruption. The periods of loading and interruption may be sequentially

repeated until the loading space is filled. Alternatively, only one period of loading may
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be executed, followed by a period of non-loading, during which at least one pressure
wave is generated.

Of course, pressure waves may also be applied during loading of slurry.

According to an embodiment action a) is resumed after a period of interruption.
When the dredging materials are allowed to settle, the loading may be resumed. The
overflow which may be caused by the additional loading will be relatively clean due to
the period of interruption during which the at least one pressure wave was generated. In
case the overflow is an overflow of which the height can be adjusted, such as a
telescopic overflow, in between action b) and resuming action a), the overflow may be
lowered to generate an overflow and raised again.

According to an embodiment the loading space is divided in a plurality of sub-
spaces, and the method comprises

a') loading a mixture of dredging materials and water into a first sub-space,
and subsequently

a’’) loading a mixture of dredging materials and water into a second sub-space
while

b’) generating at least one pressure wave through the slurry inside the first sub-
space to enhance the formation of a settled bed of the dredging materials.

Such an embodiment has the advantage that loading may continue without
interruptions, while the slurry is at the same time allowed to settle.

According to an aspect there is provided a loading space of a vessel suitable for
holding a mixture of dredging materials and water, wherein the loading space
comprises pressure wave generating means arranged to generate at least one pressure
wave through the slurry inside the loading space to enhance the formation of a settled
bed of the dredging materials.

According to an embodiment the pressure wave generating means comprise a
member which is movable arranged in the loading space and an actuator for moving the
member.

According to an embodiment the actuator is arranged to move the member to
perform a reciprocating motion, wherein movement in a first direction is performed at
least five times faster than movement in a second direction, the second direction being
opposite the first direction. In fact, movement in the first direction may be applied as

fast as possible. The actuator may therefore be a hydraulic ram or the like.
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According to an embodiment the loading space comprises a control unit arranged
to control the actuator to generate a plurality of pressure waves with a frequency of less
than 0,2 Hz.

According to an embodiment the loading space comprises a control unit arranged
to control the actuator to generate pressure waves, wherein subsequent pressure waves
are alternated with periods of non-motion.

According to an embodiment the pressure wave generating means comprises a
vertically orientated plate and an actuator, wherein the plate is hingeably mounted to
the inside of the loading space along a hinge axis along a lower edge of the plate and
wherein the actuator is mounted to push and pull the plate at a position remote from the
hinge axis to generate the at least one pressure wave through the slurry inside the
loading space.

According to an embodiment the plate is a fibre enforced plate.

According to an embodiment the plate is formed by a frame of spring steel strips
in which a number of partially overlapping plate parts are mounted.

According to an embodiment the pressure wave generating means are arranged to
generated pressure waves which travel through the loading space in a substantial
horizontal direction.

According to an embodiment the loading space comprises a control unit arranged
to control the pressure wave generating means to generate pressure waves when
loading slurry into the loading space is finished or temporally interrupted.

According to an embodiment the control unit is arranged to resume loading after
a period of interruption. When loading is resumed, the pressure wave generating means
may be stopped by the control unit.

According to an embodiment the loading space is divided in a plurality of sub-
spaces, and the control unit is arranged to

a') control loading means to load a slurry of dredging materials and water into a
first sub-space,

and subsequently

a’’) control the loading means to load a slurry of dredging materials and water

into a second sub-space while
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b’”) controlling the pressure wave generating means to generate at least one
pressure wave through the slurry inside the first sub-space to enhance the formation of
a settled bed of the dredging materials.
According to a further aspect there is provided a vessel comprising a loading

space as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example only, with reference to
the accompanying schematic drawings in which corresponding reference symbols
indicate corresponding parts, and in which:

FIG. 1 schematically shows a loading space according to the prior art,

FIG. 2 schematically shows a loading space according to an embodiment,

FIG. 3 schematically shows a flexible member according to an embodiment,

FIG. 4 schematically shows a movement vs. time diagram of such a member
according to an embodiment,

FIG. 5 schematically shows a loading space according to an alternative
embodiment.

The figures are meant for illustrative purposes only, and do not serve as

restriction of the scope or the protection as laid down by the claims.

DETAILED DESCRIPTION

As described above, Fig. 1 shows a loading space 1, for instance of a trailing
suction hopper dredger (TSHD) or a cutter suction dredger (CSD).

Fig. 2 shows a loading space 1 according to an embodiment. Also shown are
loading means, here represented by a pump 10 with a discharge conduit 11 provided to
pump slurry into the loading space 1, indicated by the dashed arrow. The pump 10 may
be provided on the deck of the vessel or on any other suitable location. The loading
means 10 may of course comprise further equipment, such as dredging equipment, not
shown in the figures.

During the dredging operation, the level of the mixture in the loading space 1
rises, while the dredging materials settle, i.e. sink to the bottom of the loading space 1.
The settled part is referred to as the sand bed or settled bed 5 (settled sand). The

unsettled mixture above it is referred to as the mixture soup 3. If the maximum loading
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space level is reached, the top layer of the mixture soup 3 is fed outwards via a so-
called overflow 7 and loading can continue for a further period (this situation is not
shown in Fig. 2).

The loading space 1 further comprises pressure wave generating means 20 for
generating pressure waves through the slurry in the loading space 1, especially through
the mixture soup 3. This is done because pressure waves accelerate the settling of the
dredging materials and thus promotes growth of the settled bed 5.

The pressure wave generating means 20 comprise a moveable member 21 which
is moveable and positioned at least partially inside the loading space 1. The pressure
wave generating means 20 further comprise an actuator 22 arranged to move the
moveable member 21 to generate the pressure waves. The actuator 22 may be a
hydraulic cylinder or an hydraulic ram arranged to move the moveable member 21 in a
substantially horizontal reciprocating manner. The reciprocating movement may be a
movement comprising movement in a first direction with a velocity which is at least
five time greater than the reciprocating movement in the opposite, second direction.
This is explained in more detail below with reference to Fig. 4. As shown, the actuator
22 may comprise a cylinder with a piston moveable positioned inside the cylinder. The
actuator 22 is driven or energized by a hydraulic system, which is not shown in the
Figures. It will be understood that alternative actuators 22 can be used instead.

The actuator 22 may be connected to a part of the moveable member 21 which
protrudes above the loading space 1, such that the actuator 22 may be positioned
outside the loading space 1, for instance on the deck 8 of the vessel.

The moveable member 21 may be a plate 21 which is positioned parallel to a side
wall of the loading space 1 and has substantially the same dimensions as that side wall
of the loading space 1. In that case, the actuator 22 may be with one end connected to
an upper edge of the wall 212 protruding above the loading space 1. A lower edge 211
of the plate 21 is hingeably connected to the side wall of the loading space 1, for
instance by way of a flexible connection member 24, such as a rubber strip.

The moveable member 21 may be flexible, for instance a flexible plate, to
prevent breakage of the moveable member 21 when part of the moveable member 21 is
fixed by the rising settled bed 5 and can thus not move. The moveable member 21 may

be made of a fibre enforced material to provide flexibility and strength.
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Fig. 3 shows an alternative embodiment in which the plate 21 is made of a frame
of flexible spring steel strips 215 in which a number of partially overlapping plate parts
216 are mounted. When the plate 21 bends, the frame bends, while the plate parts 216
slide over each other.

A control unit 40 may be provided to control the pressure generating means 20.
The control unit 40 may be formed as a computer and may comprise a central
processing unit 41 and a memory 42 which are capable of communicating with each
other (both not shown), the memory 42 comprising programming lines or instructions
which can be read and executed by the central processing unit 41 to provide the control
unit 40 with the functionality as described. The functionality of the control unit 40 may
also be embedded in suitable hardware circuitry.

The control unit 40 may be arranged to control the frequency, the length of the
stroke and the velocities in the first and second directions of the actuator 22.

Examples of a reciprocating motions are schematically shown in Fig.’s 4a - b,
showing diagrams in which movement of the actuator 22 is shown as a function of
time. Fig. 4a shows a saw tooth function in which movement in the first direction is
substantially, at least five times, faster/shorter than movement in the second, opposite
direction.

The control unit 40 may control the loading means and the pressure wave
generation means 20 to perform the following actions:

a) loading a slurry comprising dredging materials and water into the loading
space 1, and

b) generating at least one pressure wave through the slurry inside the loading
space 1 to enhance the formation of a settled bed 5 of the dredging materials.

Action b) may be performed during action a), however, according to an
embodiment, action b) is at least partially performed while action a) is stopped or
interrupted. Action b) may comprise generating pressure waves as shown in Fig. 4a.

During action b) , the control unit 40 may control the actuator 22 to alternately go
through periods of pressure generation (I) and idle periods (II). An example of such an
embodiment is shown in Fig. 4b.

During the periods of pressure generation (I) one or more reciprocating motions
(only one is shown in Fig. 4b) may be performed. In other words, the pressure

generating means 20 may be controlled to generate one or more pressure waves,
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followed by an idle period (II) in which no pressure wave(s) is/are generated, followed
by a new period of pressure generation (I) in which one or more new pressure wave(s)
is/are generated, etc.

The control unit 40 may also be arranged to control the loading means to stop or
interrupt loading during action b) in order to reduce the kinematic disturbance of the
mixture soup 3 to create optimal conditions for the settling process.

Also, the control unit 40 may control the loading means to load another loading
space 1 or another sub-space of the loading space during action b).

Fig. 5 shows an alternative embodiment in which the loading space 1 comprises a
plurality of sub-spaces 1°, 17°, each having a (telescopic) overflow 7. The control unit
40 may be arranged to control the loading means to load slurry into the first or second
sub-space 17, 1’7 via a first and second discharge conduit 11°, 117,

The control unit 40 may be arranged to control the loading means to load slurry
into the second sub-space 1°” while action b) is performed with respect to first sub-
space 1°. This way, loading can be done even more efficiently. It will be understood
that more than two sub-spaces (as shown in Fig. 5) may be provided. The different sub-
spaces 1°, 177 may be loaded one after the other, such that no overflow is generated,
while pressure waves are generated (i.e. action b) is applied) to the sub-spaces already
loaded. After the last sub-space is loaded, the loading means 10 may be controlled by
the control unit 40 to continue performing action a) (loading) with respect to the first
sub-space 1°, causing overflow which is now relatively clean as the settled bed 5 has
been given time to form enhanced by the generated pressure waves. Continued loading
may be continued for the first sub-space 1’ until the density of the overflow reaches a
predetermined level. Then, the next sub-spaces may be loaded one after the other. This
process may be repeated several times.

As mentioned above, the overflow 7 may be a telescopic overflow of which the
height can be adjusted. In order to create an even cleaner overflow, after performing
action b) and before resuming performing action a) with respect to a specific a loading
space 1 or sub-space 1’. 1”7, the telescopic overflow 7 may be lowered in order to
overflow the relatively clean top layer of the mixture soup 3. The overflow 7 is then
again raised before action a) is resumed for the specific loading space 1/sub-space 1°,

1°°. Again, this process may be repeated several times.
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In case the loading space 1 is provided with doors in the bottom of the loading
space 1, the sub-spaces 1°, 177 are preferably not smaller than the size of one such door.
On the other hand, the loading space 1 or the sub-spaces 1°, 1°” may not be too large, as
the pressure wave preferably reaches the other side of the loading space 1 or sub-space
1,1

The embodiments make it possible to create a relatively clean overflow, for
instance an overflow with a density of p - 1050 kg/m3 or even 1020 kg/m3 even in a
situation wherein the settled bed is relatively high, i.e. close to the height of the
overflow 7. This is an improved with respect to an overflow having a density close to
the density of the slurry being pumped into the loading space 1, which may be in the
range of 1200 — 1700 kg/m3.

The descriptions above are intended to be illustrative, not limiting. It will be
apparent to the person skilled in the art that alternative and equivalent embodiments of
the invention can be conceived and reduced to practice, without departing from the

scope of the claims set out below.
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CLAIMS

1.  Method of loading a loading space (1) of a vessel with dredging materials,
wherein the method comprises

a) loading a slurry comprising dredging materials and water into the loading space (1),
and

b) generating at least one pressure wave through the slurry inside the loading space (1)

to enhance the formation of a settled bed (5) of the dredging materials.

2. Method according to any one of the preceding claims, wherein the pressure wave
is generated by actuating a member (21) which is movable arranged in the loading

space (1).

3. Method according to any one of the preceding claims, wherein the at least one

pressure wave is generated by actuating a member (21) which is movable arranged in
the loading space (1) to perform a reciprocating motion, wherein movement in a first
direction 1s performed at least five times faster than movement in a second direction,

the second direction being opposite the first direction.

4. Method according to any one of the preceding claims, wherein a plurality of

pressure waves are generated with a frequency of less than 0,2 Hz.

5. Method according to any one of the preceding claims, wherein the pressure
waves are generated by actuating a member (21) which is movable arranged in the
loading space (1) in a reciprocating motion, wherein subsequent reciprocating motions

are alternated with periods of non-motion.

6.  Method according to claim 5, wherein the loading space (1) comprises a
vertically orientated plate (21) and an actuator (22), wherein the plate (21) is hingeably
mounted to the inside of the loading space (1) along a hinge axis (HA) along a lower
edge of the plate (211) and wherein the actuator (22) is mounted to push and pull the
plate (21) at a position (212) remote from the hinge axis (HA) to generate the at least

one pressure wave through the slurry inside the loading space (1).
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7. Method according to claim 6, wherein the plate (21) is a fibre enforced plate.

8. Method according to any one of the claims 6 -7, wherein the plate (21) is formed
by a frame (215) of spring steel strips in which a number of partially overlapping plate
parts (216) are mounted.

9. Method according to any one of the preceding claims, wherein the pressure wave

is generated to travel through the loading space (1) in a substantial horizontal direction.

10. Method according to any one of the preceding claims, wherein action a) is

finished or temporally interrupted when performing action b).

11. Method according to claim 10, wherein action a) is resumed after a period of

interruption.

12.  Method according to any one of the preceding claims, wherein the loading space
(1) is divided in a plurality of sub-spaces, and the method comprises

a’) loading a mixture of dredging materials and water into a first sub-space (1°),

and subsequently

a’’) loading a mixture of dredging materials and water into a second sub-space (17”)
while

b’) generating at least one pressure wave through the slurry inside the first sub-space

(1°) to enhance the formation of a settled bed (5) of the dredging materials.

13.  Loading space (1) of a vessel suitable for holding a mixture of dredging materials
and water, wherein the loading space (1) comprises pressure wave generating means
(20) arranged to generate at least one pressure wave through the slurry inside the
loading space (1) to enhance the formation of a settled bed (5) of the dredging

materials.
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14. Loading space (1) according to claim 13, wherein the pressure wave generating
means (20) comprise a member (21) which is movable arranged in the loading space

(1) and an actuator (22) for moving the member (21).

15. Loading space (1) according to claim 13, wherein the actuator (22) is arranged to
move the member (21) to perform a reciprocating motion, wherein movement in a first
direction 1s performed at least five times faster than movement in a second direction,

the second direction being opposite the first direction.

16. Loading space (1) according to any one of the claims 13 — 15, comprising a
control unit (40) arranged to control the actuator (22) to generate a plurality of pressure

waves with a frequency of less than 0,2 Hz.

17. Loading space (1) according to any one of the claims 13 — 16, comprising a
control unit (40) arranged to control the actuator (22) to generate pressure waves,

wherein subsequent pressure waves are alternated with periods of non-motion.

18. Loading space (1) according to any one of the claims 13 — 17, wherein the
pressure wave generating means (20) comprises a vertically orientated plate (21) and an
actuator (22), wherein the plate (21) is hingeably mounted to the inside of the loading
space (1) along a hinge axis (HA) along a lower edge (211) of the plate (21) and
wherein the actuator (22) is mounted to push and pull the plate (21) at a position (212)
remote from the hinge axis (HA) to generate the at least one pressure wave through the

slurry inside the loading space (1).

19. Loading space (1) according to claim 18, wherein the plate (21) is a fibre

enforced plate.

20. Loading space (1) according to claim 18, wherein the plate (21) is formed by a
frame (215) of spring steel strips in which a number of partially overlapping plate parts
(216) are mounted.
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21. Loading space (1) according to any one of the claims 13 — 20, wherein the
pressure wave generating means (20) are arranged to generated pressure waves which

travel through the loading space (1) in a substantial horizontal direction.

22. Loading space (1) according to any one of the claims 13 — 21, comprising a
control unit (40) arranged to control the pressure wave generating means (20) to
generate pressure waves when loading slurry into the loading space (1) is finished or

temporally interrupted.

23. Loading space (1) according to claim 22, wherein the control unit (40) is

arranged to resume loading after a period of interruption.

24. Loading space (1) according to any one of the claims 13 — 23, wherein the
loading space (1) is divided in a plurality of sub-spaces (1°, 1°’), and the control unit
(40) is arranged to

a') control loading means (10) to load a slurry of dredging materials and water
into a first sub-space (1°),

and subsequently

a’’) control the loading means (10) to load a slurry of dredging materials and
water into a second sub-space (1°’) while

b’”) controlling the pressure wave generating means (20) to generate at least one
pressure wave through the slurry inside the first sub-space (1) to enhance the

formation of a settled bed (5) of the dredging materials.

25.  Vessel comprising a loading space (1) according to any one of the claims 13 — 24.



