
Method and device for treating dredged material extracted by means of a
dredging vessel The invention relates to a method and device for treating
dredged material extracted by means of a dredging vessel. The invention
moreover relates to a vessel provided with the device. The invention
likewise relates to a method for transferring large quantities of dredged
material from extraction areas to a recovery area located a great distance
away, and in particular to a method for extracting large quantities of ore
by transferring large quantities of ore-containing dredged material from
extraction areas to a recovery or 10offloading area located a great
distance away. Building land is scarce in many regions of the world. This
is for instance the case in and around Singapore, which is surrounded by a
large amount of water. It is usual in such regions to create building land
by discharging ground material on site or in the 15 surrounding waters. The
ground material is usually extracted here from the bed of surrounding
gulfs, hays, canals and/or oceans by means of dredgers suitable for the
purpose, wherein the dredged material must often also be treated after
offloading in order to make it suitable for its function, for instance as
building land. 20 Two main problems occur here. The usual dredging method
has been found to be cost-effective and technically feasible only when the
ground for dredging is located not too far away from the offloading
location it is however becoming increasingly difficult to find sufficient
ground material at a relatively short distance from the offloading
location. There is therefore a need for a method for transferring large
quantities of 25dredged material in cost-effective manner from extraction
areas to a recovery area (or offloading location) located a great distance
away. A second problem is that in the usual method the dredged material is
offloaded onto the land and, if desired, then treated. The onshore storage
capacity may however be limited, particularly in regions surrounded by a
great deal of water, as in the ease of the above mentioned Singapore. 30 GB
692668 describes a suction dredger comprising a pump for the recovery of
dredged material, wherein the delivery side of the pump is connected with a
series of cyclones disposed in parallel to dry the dredged material. The
cyclones form part of the pumping system and must have a relatively small
capacity to function properly.  US 2004/0181113 Al describes a high
temperature and high pressure method for chemically altering hazardous
chemicals present in dredged sludge in rivers. The dredged sludge is
dewatered to an estimated 50% solids content by an arbitrary method 



such as centrifugation, filtration or pressing. The solids stream is then
run through several centrifugal separators to remove the heavy metals from
the solids stream. Both (contaminated and clean) solid streams are then
again dewatered to achieve an anticipated 50% solids content and pumped
into a barge for transport. The barge is small, i.e. sized to allow transit
through the river locks system. 10 DE 3825223 Al discloses a device for
drying a sand/water/contaminant mixture. The device comprises a swing
sorter in the form of a. through like swing bottom that separates a heavy
fraction from a light fraction. The heavy fraction comprising sand and
water is built up behind a separator on one side of the swing bottom and
washed by spraying it with fluid. Excess water is evacuated through holes,
provided in the swing 15bottom at said side. The lighter fraction is
transported to the other side of the separator, at which side the swing
bottom has no holes. A cyclone delivers the mixture to the device.   DE
4410229 Al describes a device and method to separate dredged material into
20fractions with specific particle sizes. In the disclosed method a
combination of a plurality of separation devices is used. US 4,541,927
describes a. method and device for the treatment of material dredged by a
cutter suction dredger. The dredged material is fed to centrifugal
separators that are 25provided on a rotating platform for subsequent
feeding The centrifugal separators separate the dredged material into a dry
heavier fraction and a wetter fraction. The wetter fraction is led back to
the cutter head. The dried solid material is further dried in an
electrically heated rotating oven and the resulting pulverized dry material
bagged in sacks. 30 The invention has for its object to provide a method
and device for treating dredged material extracted by means of a dredging
vessel, in addition to a method and vessel for transferring large
quantities of dredged material from extraction areas to a recovery area
located a great distance away, wherein the above stated drawbacks are at
least partially obviated. According to the first aspect of the invention,
there is provided for this purpose a method for treating dredged material
extracted by means of a dredging vessel, wherein the dredged material is
fed from the dredging vessel to at least one centrifugal separator, which
centrifugal separator separates the dredged material into a wet fraction
and a dry fraction, wherein at least the dry fraction is collected and fed
to a gravitational separator, which gravitational separator further
separates the collected dry fraction into 



10a drier and a wetter fraction, wherein at least the drier fraction is
collected in a transport vessel, adapted for receiving a quantity of drier
fraction of the dredged material amounting to at least .50000 tonnes. By
subjecting the dredged material from the hold of the dredging vessel to
centrifugal separation, a dry fraction is separated in cost-effective
manner from the dredged material and collected and can, if desired, be used
as building 15land. The method according to the invention allows the
dredged material to be treated before it is offloaded onshore or at another
discharge location. It has been found that the dredged material treated
according to the invented method takes up less space than untreated dredged
material, this providing advantages in the offloading of dredged material
in areas with limited storage capacity. In the method according to the
invention 20 the wet fraction can, if desired, be collected in a collecting
means suitable for this purpose, for instance for further treatment.
Preferably however, the separated wet fraction is returned to the
surrounding water. According to the invention the collected dry fraction is
fed to a gravitational separator, 25which gravitational separator further
separates the collected dry fraction into a drier and a wetter fraction,
wherein at least the drier fraction is collected. The terms drier and
wetter fraction wall are defined here relative to the dry fraction. It has
been found that the combination of at least one centrifugal separator and
at least one gravitational separator acts synergistically and results in a
qualitatively improved drier fraction, 30 which can more advantageously be
used as for instance building land. A further advantage of the invented
method is that the particle size distribution of the dredged material can
be influenced in efficient manner. It is advantageous here for the
centrifugal separation and/or the gravitational separation to be performed
such that the  4 dry fraction and/or drier fraction has a particle size
distribution with d59 lying between 50 and 1500 micron, more preferably
between 150 and 1 200 micron, and most preferably between 300 and 1000
micron, 



A particularly suitable method according to the invention is characterized
in that the gravitational separator comprises a draining screen which sets
the collected thy fraction into vibration and, under the influence of
gravitational force, separates it into a drier fraction and a wetter
fraction. 10 in a further preferred embodiment of the method a hydrocyelone
is applied as centrifugal separator_ A hydrocyclone comprises a cylindrical
revolving body which transposes toward the bottom into a conical outflow
part. The dredged material for treating is introduced under pressure
tangentially into the hydroeyelone on the top side via an eccentrically
disposed feed conduit, whereby the dredged material is set into rotating
flow or vortex. The vortex flings the heavier fraction of the dredged
material against the side wall of the hydroeyelone, wherein this heavier
fraction, under the influence of gravitational force, is set into a
descending spiral flow. The heavier fraction eventually enters the conical
part, in which it is further accelerated and finally discharged via the
outflow. The lighter fraction (also including water) continues to float
20and enters the central part of the hydrocyclone. Owing to the conical
form of the hydrocyclone the lighter fraction is eventually pushed upward,
where it is discharged via an overflow. Since in dredged material the
lighter fraction comprises water, the heavier fraction will correspond to
the dry fraction, while the lighter fraction will correspond to the wet
fraction, 25 A further advantage of the present variant is that not only
the moisture contcnt but also the particle size distribution of the dry
and/or drier fraction can be controlled. In this respect the separating
diameter d50 is defined as the diameter of a particle with an equal chance
of becoming part of the lighter or heavier fraction. The preciseness of the
final 30 separation depends on, among other factors, the chosen hydmcyclone
configuration and the properties of the dredged material. Relevant
quantities in this respect are the internal cyclone diameter, the diameters
of the inlet, the overflow and the underflow, the height of the cylindrical
and conical part of the hydrocyclone and the capacity of the hydrocyclone.
A further advantage of the invented method is that the particle size  5
distribution of the dredged material can be influenced in efficient manner.
It is advantageous here for the centrifugal separation and/or the
gravitational separation to be performed such that the dry fraction and/or
drier fraction has a particle size distribution with a d50 lying between 50
and 1500 micron, preferably between 150 and 1200 micron, more preferably
between 300 and 1000 micron, and most preferably between 500 and 800
micron. 



In a particularly suitable method a nab-cyclone is applied as centrifugal
separator. Such a multi-cyclone comprises a number of hydroeyelones
connected in parallel, 10 wherein the number preferably lies between 2 and
20, more preferably between 3 and 15, and most preferably between 4 and 10.
A further preferred embodiment of the method according to the invention has
the feature that the dredged material is brought to the appropriate mass
density prior to 15being fed to the centrifugal separator. The appropriate
mass density depends on, among others, a number of factors such as the
properties of the dredged material, the desired properties of the dredged
material after treatment, and the above-mentioned design quantifies of the
hydroeyclone or multi-cyclone. By bringing the mass density to a
substantially constant average mass density prior to the centrifugal
separation a higher 20separation efficiency is obtained, as well as a
higher quality of the treated dredged material. A particularly appropriate
mass density of the untreated dredged material lies between 1.1 tomin3 and
1.3 ton/m3, and more preferably between 1.15 ton/m3 and 1,25 ton/m3. A
particularly appropriate mass density of the dry fraction of the treated
dredged material lies between 1.8 ton/n3 and 2.0 ton/m3, and more
preferably between 251.85 ton/n3 and 1,95 ton/m3. The mass density of the
wet fraction of the treated dredged material generally lies between 1.03
ton/-n3 and 1.13 ton/m3, but can also have much higher values, particularly
when many tine particles are present in the wet fraction. A particularly
appropriate mass density of the drier fraction of the treated dredged
material lies between 1.75 ton/m3 and 1.95 torthri3, and more preferably
between 1.80 ton/m3 and 301.90 ton/m3. In a further preferred variant the
mass density of the dredged material is brought to the appropriate mass
density by adding water thereto, and more preferably by providing a water
flow to which the dredged material is supplied in controlled manner. This
can  6 take place in suitable manner in the dredging vessel itself and/or
between the dredging 



vessel and the feed to the at least one centrifugal separator. If desired,
the dredged material present in the hold of the dredging vessel can be
fluidized by being subjected to a high-pressure water flow from
high-pressure spray nozzles arranged in the dredged material. It is
striking that it is precisely by adding water beforehand to the dredged
material to be treated, in particular dried, that a higher separating
efficiency is achieved. It is further advantageous when the dredged
material is fed at a substantially constant flow rate to the at least one
centrifugal separator. It has been found that exceptionally 10large
quantities of dredged material can be treated in cost-effective manner with
the method according to the invention. A preferred method according to the
invention is characterized in that the substantially constant flow rate fed
to the at least one centrifugal separator amounts to at least 6000 m3/hour,
preferably at least 9000 more preferably at least 12000 m3/hour, and most
preferably at least 20000 m3/hour. 15plurality of centrifugal separators
connected in parallel are preferably utilized for the higher flow rates.
Such flow rates allow at least 45 million tonnes of dredged material to be
treated per year, this typically providing at least 10 million tons of
treated dredged material per year. These quantities are not possible with
more conventional separating methods, such as for instance those based on
gravitational force. It has been found that a method according to the
invention has particular advantages wherein the dry and/or drier fraction
has a water content of a maximum of 20% by      , more preferably a maximum
of 15% by weight and most preferably a maximum of 10% by weight. This is
because such a treatment of the dredged material is highly 25suitable for a
method wherein the dry and/or drier fraction is collected in a transport
vessel, and in particular in a transport vessel suitable for receiving a
quantity of dry or drier fraction of the dredged material which amounts to
at least 50000 tonnes, preferably at least 100000 tonnes, more preferably
at least 150000 tonnes and most preferably at least 200000 tonnes, and is
subsequently transported to a recovery area 30preferably located a large
distance away. According to the invention a method is more particularly
provided for transferring large quantities of dredged material from
extraction areas to a recovery area located a great distance away, wherein
the method comprises the steps of mooring in the vicinity of the 



extraction area at ,a one seagoing transport vessel with considerably
larger dimensions than a dredging vessel and suitable for receiving a large
quantity of dredged material in transportable condition, extracting dredged
material using at least one dredging vessel, bringing the dredged material
into transportable condition by applying the method for treating dredged
material according to the invention, collecting the dry and/or drier
fraction in the transport vessel, transporting the dry and/or drier
fraction to the recovery area using the transport vessel, mooring the
transport vessel in the recovery area and offloading the dry and/or drier
fraction from thc transport vessel in the recovery area. 10 An additional
advantage of the vented, method is that the dry and/or drier fraction
complies with the requirements set by the International Maritime
Organization for transport with bulk carriers (the IMO standards for
transport with bulk carriers). 15The invention also relates to a device for
treating dredged material, which device comprises at least one centrifugal
separator suitable for separating the dredged material into a wet fraction
and a dry fraction, wherein the centrifugal separator comprises a feed for
the dredged material for treating and a discharge for the dry fraction. The
feed can preferably be coupled, to the discharge conduit of the hold of a
dredging vessel. 20 The device further comprises at least one gravitational
separator connected to the discharge of the centrifugal separator and
suitable for separating the dry fraction into a drier and a wetter
fraction, wherein the device also comprises discharge means for discharging
the drier fraction. The device according to the invention can in principle
be placed at any desired location between a dredging vessel and an
offloading location or transport vessel. It is however advantageous to
arrange the device on a dredging vessel, or on a pontoon typically moored
in the vicinity of a dredging vessel and/or a transport vessel. Most
preferably provided is a transport vessel, in particular of the above
stated which is provided with a device according to the invention. There
are additional advantages here when the device is placed relative to the
hold of the transport vessel such that the discharge of the dry or drier
fraction to the hold takes place without  intervening discharge means. Such
an arrangement considerably increases the loading speed. The usual dredging
method comprises the use of a dredging vessel such as a trailing 



5suction hopper dredger or a cutter suction dredger, wherein dredged
material is suctioned up from the water bottom and via a suction conduit
stored temporarily in a hold of the dredging vessel. If the dredged
material collected in the hold has to be transported to a distant location,
this then generally takes place via land transport and/or via a specially
laid pipeline andior by the dredging vessel sailing to the location. The 10
equipment and logistics required for this purpose make the known method
costly. The method according to the invention provides an efficient
solution for this purpose. The transport vessels preferably have a large
cargo capacity. Particularly suitable are transport vessels with a cargo
capacity of at least 50000 DWT (deadweight tonnage), 15 preferably at least
100000 DWT, more preferably at least 150000 DWT and most preferably at
least 200000 DWI or even higher. Particularly suitable transport vessels
comprise modified Capesize and Panamax vessels, which are generally applied
for transport of cargoes from one main port to another. Also suitable are
so-called VhCCs (very large crude carriers) modified for the purpose. It is
not known, nor is it self-  20 evident, to use such transport vessels for
the transport of dredged material, for instance because of stability
problems and the generally abrasive character of dredged material. The
method according to the invention makes the dredged material transportable
with said vessels. It is advantageous to adapt these further by providing
them with a double wall between which an air space forms. The width of the
air space between the two  25 walls can, if desired, even approximate the
width of the hold of the transport vessel. The method according to the
invention allows annual transport of for instance 20 million m3 of dredged
material over long distances, where the known method can possibly achieve
about 4 million m3. 30The inventtve method is particularly suitable for
transferring large quantities of dredged material from extraction areas to
a recovery area located a great distance away. Preferred distances are
distances of more than 500 km one-way, more preferably more than 1000 km
one-way, and most preferably more than 1500 km one-way.  



9 In a further preferred embodiment of' the method according to the
invention the dredged material is tried to a water content amounting to a
maximum of 20% by weight, more preferably a maximum of 15% by weight. The
method according to the invention is particularly suitable for extracting
large quantities of ore by transferring large quantities of ore-containing
dredged material from extraction areas to a recovery or offloading area
located a great distance away; The present invention willnow be further
elucidated on the basis of the following figures, without otherwise being
limited thereto. In the figures; Fig. 1 shows schematically an embodiment
of a device according to the invention; and Fig. 2 shows a schematic
perspective view of an assembly of a transport vessel and a dredging vessel
as typically applied in the method according to the invention. 15Referring
to figure 1, an embodiment of a device 1 for treating dredged material 50
is shown, lit the shown embodiment device I comprises a centrifugal
separator in the form of a multi-cyclone 10 and, connected in series
therewith, a gravitational separator in the form of draining screen 20. 20
The dredging material 50 for treating comes fium the hold (not shown) of a
dredging vessel 30. A suitable dredging vessel 30 comprises for instance a
trailing suction hopper dredger or a cutter suction dredger; Dredged
material 50 is fed through a conduit 31 coupled to a feed 11 to a
multi-cyclone 10 and fed under pressure into distribution tank 12.
Multi-cyclone 10 separates dredged material 50 into a wet fraction 51 and a
dry 25fraction 52, as will be further elucidated below. In the shown
variant the feeds (13a, 131,, 13e,...) of five hydrocyclones (14a, 14b,
14c,...) are connected to distribution tank 12. Each feed (13a, 13b,
13c,...) is provided with a corresponding closing valve (15a, 15b, I
Se,...) which can control the flow rate fed to each cyclone. Each
hydrocyclone (14a, 14b, 14c,...) of multi-cyclone 10 comprises a
cylindrical revolving body which 30 transposes toward the bottom into a
conical outflow part. The dredged material 50 for treating is introduced
under pressure tangentially into the relevant hydrocyclone on the top side
of each cyclone via the eccentrically disposed feeds (13a, 13b, 13c,...).
The dredged material 50 is hereby set into a rotating flow or vortex which
ensures that the heavier fraction of dredged material 50 is flung against
the side wall of hydrocyclones  



10 (13a, 13b, 13c,...), wherein this heavier fraction, under the influence
of gravitational three, is set into a descending spiral flow, The heavier
fraction eventually enters the conical part of each hydrocyclone (14a, 14b,
14c,...) in which it is thither accelerated and finally discharged via the
outflow to a buffer vessel 16. The lighter fraction (also including water)
enters the central part of hydrocyclones (14a, 14h, 14c,..,) and, due to
the conical form of the hydrocyclones, is finally pushed upward, where it
is discharged via overflows (17a, 17b, 17c,...) to a collection container
18, from where the lighter fraction is further pumped via discharge conduit
19 to the surrounding water. Because the lighter fraction of the dredged
material 50 for treating comprises water, it will 10correspond to wet
fraction 51, while the heavier fraction corresponds to dry fraction 52. Dry
fraction 52 is transferred from buffer vessel 16 via a conveyor belt 60 to
a gravitational separator in the form of draining screen 20. Draining
screen 20 comprises a buffer trough 21 from which dry fraction 52 is
carried into a separating reservoir 22. Separating reservoir 22 comprises a
floor (not visible) provided with openings of a 15determined dimension. The
'floor is set into a vertical vibration by means of actuators (not shown).
The floor is provided for this purpose with springs 23. Because dry
fraction 52 received in separating reservoir 22 is set into vibration, (fry
fraction 52 is separated, under the influence of gravitational force, into
a fraction 53, which is drier compared to dry fraction 52, and wetter
fraction 54. Depending on the set mesh width, 90the particle size of drier
fraction 53 can be influenced. The drier and wetter fraction are discharged
by respectively conveyor belt 25 and discharge conduit 24. Discharge
conduit 24 for wetter fraction 54 leads to the surrounding water. Conveyor
belt 25 for drier fraction 53 leads to an offloading location or, in a
preferred embodiment, to the hold (not shown) of a transport vessel 40,
particularly of the Panamax or similar type. 25Discharge conduit 24 and
conveyor belt 25 are not essential. It is thus possible for instance to
leave the side 26 of separating reservoir 22 opposite buffer trough 21 open
and to place draining screen 20 along the side of the hold of transport
vessel 40. Drier fraction 53 then drops automatically out of separating
reservoir 22 into the hold. Conduit 24 can also he omitted, whereby the
wetter fraction (mainly water) flows away 30via the floor to for instance
the surrounding water. It will be apparent that many technical variants are
possible.  



I' than dredging vessel 30, for instance 10 times greater, and is suitable
for receiving large quantities of dredged material 50 in transportable
condition. According to an aspect of the invention, a large quantity of
dredged material 50 is carried from an extraction area to a recovery area
located a great distance away. Transport vessel 40 is moored for this 5
purpose in the vicinity of the extraction area. Using dredging vessel 30
dredged material 50 is dredged from the water bottom and stored temporarily
in the hold (not shown). Dredged material 50 is brought into transportable
condition by applying a method as described above. In the shown embodiment
variant transport vessel 40 is provided for this purpose with device 1. The
thus obtained dry andior drier fraction is stored in the 10transport
vessel, more particularly in the holds of transport vessel 40, and
subsequently transported to the recovery area.  17 Claims  1. Method for
treating dredged material extracted by means of a dredging vessel, wherein
the dredged material is fed from the dredging vessel to at least one
centrifugal 5separator, which centrifugal separator separates the dredged
material into a wet fraction and a dry fraction, wherein at least the dry
fraction is collected and fed to a gravitational separator, which
gravitational separator further separates the collected dry fraction into a
drier and a wetter fraction relative to the dry fraction, wherein at least
the drier fraction is collected in a transport vessel, adapted for
receiving a quantity of drier 10fraction. of the dredged material amounting
to at least 50000 tonnes.  2. Method as claimed in claim 1 wherein the
dredged material is brought to the appropriate mass density prior to being
fed to the centrifugal separator. 153.Method as claimed in claim 2, wherein
the mass density of the dredged material 



is brought to the appropriate mass density by adding water thereto.    4.
Method as claimed in claim 3, wherein the mass density of the dredged
material is brought to the appropriate mass density by providing a water
flow to which the 20dredged material is supplied in controlled manner.  5.
Method as claimed in any of the foregoing claims, wherein the dredged
material is fed at a substantially constant flow rate to the centrifugal
separator. 256.Method as claimed in claim 5, wherein the substantially
constant flow rate amounts to at least 6000 m3/hour, more preferably at
least 9000 m3/hour, and most: preferably at least 12000 m3/hour,  7. Method
as claimed in any of the foregoing claims wherein the centrifugal
30separator comprises a hydrocyclone.  8. Method as claimed in claim 7
wherein the centrifugal separator comprises a multi-cyclone,  13 9.Method
as claimed in any of the claims 1-8, wherein the gravitational separator
comprises a draining screen which sets the collected dry fraction into
vibration and, under the influence of gravitational force, separates it
into a drier fraction and a wetter .fraction. Method as claimed in claim
9., wherein the transport vessel is suitable for 



receiving a quantity of drier fraction of the dredged material which
amounts to at least 100000 tonnes, more preferably at least 150000 tonnes
and most preferably at least 200000 tonnes. 10  11. Method as claimed in
any of the foregoing claims, wherein the drier fraction has a water content
of a maximum of 20% by weight, more preferably a maximum of 1.5% by weight.
12. Assembly of a device for treating dredged maeria1, which device
comprises the combination of - at least one centrifugal separator suitable
for separating the dredged material into a wet fraction and a dry fraction,
wherein the centrifugal separator comprises a feed for the dredged material
for treating and a discharge for the dry fraction, and- at least one
gravitational separator connected to the discharge of the centrifugal
separator and suitable for separating the dry fraction into a drier and a
wetter fraction relative to the dry fraction, and comprising discharge
means for discharging the drier fraction; and a transport vessel, connected
to the discharge means of the gravitational separator, and adapted for
receiving a quantity of drier fraction of the dredged material amounting to
at least 50000 tonnes. 13,Assembly as claimed in claim 12, wherein the
device is provided on a dredging vessel or pontoon. 3014.Assembly as
claimed in claim 12, wherein the device provided on he transport vessel.
14 15,Assembly as claimed in claim 14, wherein the device is positioned
relative to the 



hold of the transport vessel such that the discharge of the drier fraction
to the told takes place without intervening discharge means. 516.Method for
transferring large quantities of dredged material from extraction areas to
a recovery area located a great distance away, comprising the steps of
mooring in the vicinity of the extraction area at least one seagoing
transport vessel with considerably larger dimensions than a dredging vessel
and suitable for receiving a large quantity of dredged material in
transportable condition, extracting dredged material 10using at least one
dredging vessel, bringing the dredged material into transportable condition
by applying a method as claimed in any of the claims 1-11, collecting at
least the drier fraction in the transport vessel, transporting the drier
fraction to the recovery area using the transport vessel, mooring the
transport vessel in the recovery area and offloading the drier fraction
-from the transport vessel in the recovery area. 15 


