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and beneath the surface by a combined jetting/siphoning device, and the hydraulic pressure is
16  removed which results in subsidence or sinking of the upper layer of marine deposits,

which 1s used for beach nourishment.

US 2004/0168358 Al discloses a system for locating an underground utility, and
comprises means for generating detection data that are representative of the underground
20  utility within a subsurface of the earth, and that are combined with geographic positioning

data of the position of the underground utility.

US2007/0153627 Al describes a method and apparatus for controlling seismic source
firings, to increase pressure wave amplitude. Controlling the firing of the seismic source

25 facilitates more accurate seismic data and a more consistent seismic source signature.

GB 1429413 discloses an underwater excavating equipment for association with a vessel.
The equipment comprises a main arm adapted for pivotal attachment with the vessel and
supported therefrom, an auxiliary arm pivotally attached to the main arm at an end thereof,
30  and adapted to carry excavating means such as a bucket wheel, and a mechanism mounted
between the arms for pivoting the arm relative to the main arm. The mechanism allows to

adjust the operational depth of the excavating means.



supported therefrom an auxiliary armpivotally attached to the main
armat an end thereof, 30 and adapted t9 carry excavating means such
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about ten meters only. Such hard spots frequently remain undetected until hit by the cutter

20  head. The simple drilling of additional random boreholes, does not improve the situation.

Traditionally, the dredge master is faced with two possible options:
- trying to use "brute force" to maximize the production output, with a high risk of rupture
and thus of frequent stops for unplanned repair;

25 - avoiding damage to the cutter suction dredge by limiting the cutting power, which

involves an unnecessarily low production output in the non-rock zones.

The present invention aims to overcome the problems in the art by providing a system that
receives high resolution seismic velocity information on the material in advance of the
30  cutter head, and can provide specific adjustment to the cutting parameters in response there
to, optionally in addition to the low resolution information usually already available. The
high resolution information is acquired and updated while dredging. The seismic data can

be used to fine tune an existing geological model close by the cutter head, during the



The present invention ains to overcone the problens in the art by
providing a systemthat receives high r&solution seismc velocity
information on the material in advance of the 30 cutter head, and can
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15
SUMMARY OF THE INVENTION

The invention relates to a system for optimizing the dredging according to claim 1.

One embodiment of the invention is a system wherein the frame (10) is configured for
20  attachment to the bow end of the vessel, which frame aligns the seismic receivers (11, 11/,

11", 11™) above and in front of the cutter head (4).

Another embodiment of the invention is a system as described above, wherein the frame is
adapted to support the set of seismic receivers (11, 11', 11", 11™) in a horizontal line.

25
Another embodiment of the invention is a system as described above, wherein the set of

seismic receivers (11, 11, 11", 11™) comprises at least two hydrophones.

Another embodiment of the invention is a system as described above, wherein the frame is
30  adapted to support the seismic receiver (11') closest to the bow end (20) of the vessel (25)

at a horizontal distance of at least 3 m beyond the cutter head (4).



11", 111) above and in front of the cutter head (4). Another

enbodi ment of the invention is a systenfas described above, wherein
the frame is adapted to support the set of seismc receivers (11,
11', 11", 11") in a horizontal line. 25 Another embodi ment of the
invention is a system as descri bed above, wherein the set of seismc
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two hydr ciahsb@ s subport the set of seismic receivers (11, 11°, 11", 11") in a horizontal line.

Another embodiment of the invention is a system as described above, wherein the set of
seismic receivers (11, 11', 11", 11"} comprises at least two hydrophones.

15
Another embodiment of the invention is a system as described above, wherein the floating
frame 1s provided with a propulsion means to move its position and orientation remotely

and independently of the position of the vessel.

20  Another embodiment of the invention is a system as described above, further comprising:
- a means to receive conventional soil data of the area to be dredged,
- a means to optimize dredging parameters for a current and subsequent cutter head
position based on the combination of conventional and local soil information to optimize
yield and cutter wear,

25 - ameans to output dredging parameters, thereby adjusting cutter parameters based on the
dredging parameters so giving optimum efficiency at a current and subsequent cutter head

position.

The invention also relates to a method for optimizing according to claim 12.
30
Another embodiment of the invention is a method as described above, wherein local soil

parameters further comprise geo-resistivity data.



Anot her enbodi ment of the invention is a system as descri bed above,
wherein the floating frame is provided %ith a propul sion means to
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Another embodiment of the invention is a method as described above, wherein a layer
thickness and/or layer width attacked and/or lateral swing speed of the cutter are reduced
when the proximity of harder soil or rock is measured or expected, and/or wherein a layer
20  thickness and/or layer width attacked and/or lateral swing speed of the cutter are increased

when the proximity of softer soil 1s measured or expected.

DETAILED DESCRIPTION OF THE INVENTION

25  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art. All publications referenced
herein are incorporated by reference thereto. The articles "a" and "an" are used herein to
refer to one or to more than one, i.e. to at least one of the grammatical object of the article.
By way of example, "a sensor" means one sensor or more than one sensor.

30
The recitation of numerical ranges by endpoints includes all integer numbers and, where
appropriate, fractions subsumed within that range (e.g. 1 to 5 can include 1, 2, 3, 4 when

referring to, for example, a number of sensors, and can also include 1.5, 2, 2.75 and 3.80,



when the proximty of harder soil or rock is neasured or expected,
and/ or wherein a layer 20thickness and/®r |ayer width attacked and/ or
| ateral swing speed of the cutter are increased when the proximty of
softer soil is nmeasured or expected. DETAILED DESCRI PTI ON OF THE
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15  comprising:
- obtaining conventional soil data of the area to be dredged,
- measuring one or more local soil parameters that includes local seismic velocity of the
soil in front of the cutter head during dredging,
- calculating dredge parameters for a current and a subsequent cutter head position based
20  on the combination of geological survey data and local soil parameters acquired while
dredging to optimize yield and cutter wear, and

- adjusting cutter parameters in order to optimize production output at a current and

subsequent cutter head position.

25  The vessel is preferably a dredge, and the cutter head itself generates vibrations which
propagate into the surroundings. In particular, vibrations which are generated by the cutter
head propagate through the soil, rock and water. While dredging, the signals from the
seismic receivers placed in front of the cutter head are recorded and are used to calculate
dredging parameters for a current and a subsequent cutter head position based on the

30  combination of geological survey data and seismic velocity acquired while dredging to

optimize yield and cutter wear.



optim ze yield and/or to reduce wear and tear. One aspect of the
invention relates to a nmethod for optinfzing, during dredging, the
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geot echni cal characteristics of a rock or soil mass, and is
preferably nmeasured via a seismic refraction survey. Seismc velocity
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Besides, seismic velocity, other soil parameters measured in the vicinity of the current
20 position of the cutter head may be used to adjust cutter parameters at the cutting site and at
a subsequent cutting location. These include those that can be measured using any in situ
technique (e.g. geo-resistivity survey, seismic reflection survey (parametric echosounding

survey, sub bottom profiler, etc...))

25  Secondary soil related parameters can be employed in the analysis to provide more
accuracy. These include vibrational data, sound data, temperature measurements at the
cutter head and swing speed of the cutter head. It is within the scope of the invention to use
the seismic signals generated by the dredging operation itself to study the soil. The signal
generated by the dredging operations themselves may be supplemented by an auxiliary

30  seismic source (e.g. air gun, sparker, pinger, boomer, etc) mounted at a suitable location.
Generally the measurement in question is acquired by an appropriate sensor. The sensor
may be mounted on the dredge itself, laid upon the sea bed or towed using a suitable

auxiliary vessel.



by using conventional sources or investigation nethods independently
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nounted on its_rotatipnal axis.b pended bel ow th
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The method may provide a soil image, that is made available to the dredge master via a
Soil Viewer computer display. Based on this information and in full automatic dredging
20 mode, it is the dredge computer itself that will translate this geological information in
optimum dredging parameters for the purpose of maximizing the performance of the

dredge in a so called self learning process.

As used herein, terms such as "in front", "in advance", "ahead", "beyond" are used to
25  indicate the position of the seismic receivers 11 relative to the cutter head 4 and means that
the receivers 11 project horizontally further from the bow end of the vessel than the cutter
head 4. Preferably, at least the seismic receivers 11 closest to the vessel project

horizontally further from the bow end of the vessel than the cutter head.

30  System
One aspect of the invention is a system for optimizing the dredging of an area by a vessel
25 equipped with a cutter head 4, comprising a means to measure local seismic velocity in

front of the vessel 25, said means comprising:



5 laterally. The dredgi ng paraneters that are cal cul ated by the
present system can be used to adjust one or nore of the cutting
characteristics (cutter paraneters) of the dredging process e.g.
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aspect of the inventjon, and with reference to FIG 2 the neans to
20 and/or joint and which affect subsequent calculations may be corrected using a
compensation system that measures the degree of movement by the frame. The frame is
constructed to withstand forces applied during movement of the vessel through water, and,
as such, will typically have mesh structure that provides strength while at the same time is

light and exhibits low drag. Suitable material for the frame include iron, steel, aluminum,

25  glass or carbon fiber.

In an alternative embodiment of the invention, the frame may comprise a single wire (not
illustrated). The wire is configured for attachment to the bow end of the vessel, and onto
which the seismic receivers are attached in a line. The wire extends from the bow end of
30 the vessel, and below the water level. The end of the wire farthest from the vessel may
optionally be disposed with a float adapted to regulate the depth at which said end lies

below the water level. The wire may be rigid, being formed preferably from wire



measure | ocal seismc velocity conprises a set of seismc receivers
11, 11' supported by a franme 10 project'®ng beyond the bow end 20 of
the vessel 25. The frame may be rigid as 10 shown in FIG 2. The
frame 10 subnerges the seismc receivers 11, H, and places them

above and i.n advance of the cutter head 4. The franme 10 is preferably
at t ached PHMBERE BEN ¥R 29 toringredigasiserqual i ore domst bCio? Chie 316t 1 4 &, 5
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rigidly att irectly t eto usin r exanpl e, clips
that prevent substantial novenment. Alternatively, the frame nay be
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fromforces applied to the frame by novenents of the vessel through
the water. Movenents by the frame owing to the suspension system 20
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corrected using a conpensation sxstemthat neasures the degree of

novenent afgroateclyy ma. berpEsetranwhichewsnisay detreell convginians than dpératierss For

1 18y o P, Y e MepbeifioiFR Sk b O R B Soronelh o

the same time is light and exhibits |ow drag. Suitable material for
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st eel ) r ppsitiongidatione andirafraitaafdhecutiegbedd @o Ve fatmd mag have mesh Srucmre 3s
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20  Alternatively, the frame may comprise a wire onto which the seismic receivers are attached
in a line. The floating frame may be provided with a propulsion means to move its position
and orientation remotely and independently of the position of the vessel. The propulsion
means includes one or more motorized propellers. The remote control may be achieved by
using cables or a wireless link. The position of the floating frame can be accurately

25  determined for example, using local friangulation e.g. by detection of a marker on the
frame by two camera located on the vessel, or using a Global Navigation Satellite System
(e.g. GPS ) Being independent of the vessel permits the floating frame to change location
and orientation responsive to seismic data. This enables the system to obtain signal from a

larger region, or to obtain more detailed information of a smaller region relative to the

30  position of the cutter head 4.

The shape of the frame is configured so that set seismic receivers 11 extend from the bow

end of the vessel horizontally, so that they can receive signals over an area of the sea bed



pref erably hydrophones are enpl oyed. The seism c receiver 11 may be
arranged in a straight |ine as shown idTFIGs. 2 and 3, alternatively,
may be offset in whichever way deened convenient for operations. For
10 exanple, they may be arranged in any one, two or three dinmensional
pattern. Anpther. enbodi t of the invention is stem f or

opti ni zi g ¥ ﬁrfﬁagﬁﬁg- CaFPISIE FOERf VS vlésf*sr@mrezfgragéu%%%ﬂ it prfloyvnward
cutter headitthn if I 151 d¥bcP sTERAT Suibiflg TRAT YAE sdaO6. TSBlcaM, Cddpehdifis 'Y th
in front Ei%)fgltkl}e1 vess‘rel 25,C glgﬁfd mraialng conpr‘l'eg%ang a’@gt ]g?’ se i smﬁ% ©
r ecei ver shipe oﬂt_hb,franfﬁ, ey, willlbcaspppdirteest Hyneathfit Gatarailpl to dreehorikhe. Other

floating frane i s su ted on or | aw t he ter by_.one or . nore
1ot s iten Benonts R PR Be 3o of s Wken) FOW sty Edtixaipl of g ghore
is posit ir@&@%r@ﬁﬁy%eMtédrhbf){}@&tbe@@wTtﬁlﬁir?éﬁrﬁﬂénehﬁ?t@m(aﬂ%lyﬂ}emfaﬂﬁﬁﬁn, the

may have mesh structure as described above, ‘that provideS strengt

whi | e at linge plangunay breinckngd tgithe herdzonx frir iskampleoby dr 2dl0, $8i 2BHL30, 35, 40
material for_ such.frane incl ipron, steel, alum num glass or

car bon fi‘%é’rl?re%ﬁabﬁﬁeg}vﬁ%qﬁ@%‘?g&d?%e frame nmay conprise a wire onto

whi ch the seismic receivers are attached in a |line. The floating
frame may be provided with a propul sion nmeans to nove its position
and orientation renotely and i ndependently of the position of the
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the better the coverage of the soil. The system may be configured such that the minimum
vertical distance between the cutter head and the seismic receiver 11 may be at least or
equal to 1 m, 2 m, 3 m, 4 m, 5 m, 6 mor a value in a range between any two of the

30  aforementioned values. Shown in FIG. 3 is the maximum region 30 that the seismic
receiver 11" detects in advance of the cutter head 4 which is an arc of length DA covering
a distance of DS. The value of DA — equal to the sweep distance of the cutter head 4 - may

be at least or equal to 2 m, 3 m, 4 m, 5 m, 6 m or a value in a range between any two of the



Wth reference to FIG 3, the system rraéebe configured such that the
ni ni mum hori zontal 20 distance, DC, betdeen the cutter head 4 and the
seismc receiver 11' closest to the bowend may be less than 1 m 2
m 3m 4m 5 m oravalueinarange bet ween any two of the
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i nformati on about the distribution of the seismc velocity and about
the eonetry of the ground ahead of the cutter head. The processing
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and/or int requen processi ng.
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Depending upon the signals and the local conditions, one or more processing techniques

may be used to improve the signal/noise ratio and to obtain information about the



30is not intended to be limting; it will be appreciated that it may
start fromany position. 13 characteril$tics of the ground. These
techni ques nay be based on existing software and procedures, or
specifically devel oped. These techni ques may include, anongst others:
Picking of arrivals,_ Frequency analysis, F-K analysis, Cross
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optimze araneters current and subsequen

posi ti on shaseddditiohdlereceinbrs (Al esofto el endri laadlor adidtheoeabel § Prb-existing
information to optim ze yield and cutter wear, 20- a neans to out put
cutter pdFaReicaly gepieehripyl datymay plagbe Heedeut t er parameters so giving
optinmum efficiency at a current and subsequent cutter head position.
The features defined above in respect of the nmethod apply also to the
system 2&itloratibogimhentarfethaspeationfaspéne dfntze mbveation tihe dysieal asdederibed

parageters incluyding sei.snmc velocity data are outputted on a display
of aqﬁapaameeﬁ”‘ﬂ}%ﬁgmf”ﬂ%n%urrent position of the cutter. The nap may
be provi dednéint b }e89k Solv@nBondt QbiPHALS of BRM-QUD beidi&fed, - ) 1 Ndi cating

the optimumcutting paraneters. This mght be a funCtion of the
sei sm ¢ vel oedany telapiimize dredging parameters for a current and subsequent cutter head

position based on the combination of conventional and local soil information to optimize
yield and cutter wear,
20 - a means to output cutter parameters, thereby adjusting the cutter parameters so giving

optimum efficiency at a current and subsequent cutter head position.
The features defined above in respect of the method apply also to the system.

25  According to one aspect of the invention, the local soil parameters including seismic
velocity data are outputted on a display of a map which shows the current position of the
cutter. The map may be provided with levels (e.g. colours, contour lines,...) indicating the
optimum cutting parameters. This might be a function of the seismic velocity data
optionally combined with one or more geophysical parameters measured during the cutting

30  process. From the display, and in manual dredge mode, the Dredge Master can determine
the most appropriate cutter parameters to optimize the dredging. As the cutter head
approaches a harder zone, (e.g. high seismic speed and/or high resistivity), the Dredge

Master can reduce the pulling force on the side winch, and thus the lateral swing speed in



optionally conbined with one or nore geophysi cal paraneters neasured
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parameters to optim ze the dredging. As the cutter head approaches a
harder zone, (e.g. high seismc speed and/or high resi st.ivityg, t he
Dredge MEEEETI0 @RATOREl edafh 80qitiFarpivg s O s@otops th dard gweyis passed, ghejpulling
t hus the Nelel I appr t

car of ul | y " Re  anan el I RERRE B0 ol AAEE hAGRPORRE Lo)Bfed'2 5 FHRMRm
i ncr easedrodmtion lutput.him dusdredtid dediza chodpethd, cuitar comdputert Bsel Bowbbartdofathe

maxi mum pr oduction output.. In tomati c, dredge, npde, f[he cutter )
conput er pci“ft%F‘FCt’(?ﬁ %Ség%%]fl ?%aﬂ&ﬁegga@ﬁfégi%Pﬁlctﬁ‘%’gd%}%f‘tllor{ A sTPAm
the gat hed'r&fﬁ}%ﬁﬁr@ﬂﬂc’é@é. ’E’H%fiﬁ{/éﬂiﬁ)hﬂg' n'o?iig'xif[?:gtt{) EH%& of ?‘é]lﬂhi@gvelocity or geo-

parameters. The invention is not limte e use of seismc

vel oci t y resistiyeiyrozshy vthet pyrameteanyr aotcharingamarphenstas, aa neayrie jostficdfor a

of paraneters S be. justified for a particular dredging project.
The preswlqumgﬁ%%%mﬁﬁt ageousl y provides a means to deternine

the optinum 10 dredging regine with reliance on survey maps or
bor ehol es which have too low resolution to allow fine control and
opti mal wewr peesentyingpetiqra edvastagesusiTaovides ¢f mpens b cdateriong tthe optimum

i ncregses, vi el d tficiency: currentl he, profit .aof aggregate . ..
out pup - oRritafereBRe Fih FPLBREYD Vel R g B EnEl5S o ilchiayd 3 v ET Sgtpuon
a fine and afiestfigeainesl eal oﬁ%MWe@fanH%I&?Efaﬂ%@.mM@ draRishfc yeReity
to build maps. 15 EXAMPLES An enbodi nent of the invention is

exenpl i f itedeasys visld aed ellisiongy:rawentlyiths prytié el Apgragaty oyipati gh hyildiagsite is
was fittegd:w a [ i L i.sm .
Sensor s, aghEl o LG IS Thb r R RRE, £6RBRAE ol A BF RS Bing il
| evel . Thehidpdata oan ctsed enbabdwsaps is 2.5 neters. During cutting,

Si gn%s from each sensor nunbered O to 8, were recorded using a

sei sograph as shown in FIG 4. In FIG 4, the vertical scale is

time, ang}lgrpiarg zontal scale shows the anplitude of the seismc
signal. The signal from each receiver is displayed, show ng specific

f eat ur es Aoné¢rhlealiithemtarfitlese' ingentichds eddmeplfieddogbe tllowing non-limiting example.

A dredging vessel was fitted with a frame at the bow end disposed with nine seismic
20  sensors, positioned in front of the cutter head and below the water level. The spacing
between sensors is 2.5 meters. During cutting, signals from each sensor numbered 0 to 8,
were recorded using a seismograph as shown in FIG. 4. In FIG. 4, the vertical scale is
time, and the horizontal scale shows the amplitude of the seismic signal. The signal from
each receiver is displayed, showing specific features called "events" 50, 54. The succession
25  of events is determined by the cutting process (e.g. stop and start of rotation of the cutter
head or changing interaction between cutter head and ground). It can be seen that the
signals from all the receivers exhibit quite similar events 50, 54, but with a time shift from
trace to trace. The time shift is due to the time it takes for the signals to propagate. The
situation shown in FIG. 4 shows a straight and linear connection between the events i.e.
30  the time shift is nearly the same between all receivers, because the ground conditions are
homogeneous. By measuring the time shift and knowing the distance between the cutter
head and the receivers, the propagation velocity can be measured. For example, dashed line

56 corresponds to a propagation velocity of 1700 m/s.



25 of events is determ ned by the cutting process (e.g. stop and

start of rotation of the cutter head oﬂ5changing i nteraction between
cutter head and ground). It can be seen that the signals fromall the
receivers exhibit quite simlar events 50, 54, but with a tinme shift
fromtrace to trace. The tinme shift is due to the tine it takes for
the signals to propagate. The situation shown in FIG 4 shows a

strai ght 1apgd %éoﬁfe iQFH@)?@E(;m Bx DRIWEEH ik FEGSY SitleRe éed%lelﬁ%ﬁhngH fsﬁ%esent,
shift is nearfTy t same between all receivers, because the grou

condi t i ortbe agcerdsowd] elmeo usore Bympbaspatienyg ¢themei shiftss Mdreoandrakinosmypgs of
t he distance.betmqen t he cutter head §nd the r ceiveré, t.he :

pr opagat i GTVEFEed s {Pay by BEeREsHTEs: © PEY e JUfRH1%E WaysShlds pispaogeble that
cor r egpongdantiOsidndl§ RBAGALHRP oM SR the hitter HaQd BE Bresent>Such sidils may either
geonetry is nore conplex, as shown in FIG 2 where sedi nent” and roc

i s preserbe, genprigteddyortier vibtatios lsowveen oe it o pphiexdlqdavaebns sofsmi¢ smirce being
shifts. Nbreqver,various types of seismc signals nmay be present (P
waves, Szﬁgﬁg,eqqﬂ%Wface waves). It is also possible that 5 seismc
signals fromanother origin than the cutter head be present. Such
signals may either be generated by other vibration sources, or in a
controlled way by a seism c source being part of the device. 16
CLAIMS 1. A systemfor optimzing the dredging of an area by a

dr edgi ng vessel (25) equipped with a cutter head (4), conprising a
means to neasure |local seismc velocity in front of the 5 vessel (25)
and in advance of the cutter head, said neans conprising a set of
subnerged seisnmc receivers (11, 11', 11", 11") supported by a frane
(10). 2. System according to claim1, wherein the frame (10) is
configured for attachment to the bow end of the vessel, which frane
aligns the seismc receivers (11, 11', 11", 11) above 10and in front
of the cutter head (4). 3. Systemaccording to claim2, wherein the
frame is adapted to support the set of seismc receivers (11, 11',

11", 11"") in a horizontal line. 154. System according to claim2 or
3, wherein the set of seismc receivers (11, II', 11", 11")



conprises at |east two hydrophones. 5. System according to any of
claims 2 to 4, wherein the frane is addfted to support the seisnic
receiver (11') closest to the bow end (20) of the vessel (25) at a
hori zontal distance 20of at |east 3 mbeyond the cutter head (4). 6.
Systemaﬁrdinsg to any of clainms 2 to 5, wherein the franme is

confi gur ALM igid attachment to the vessel. 25 7. System accordi ng
to any of clains 2 to 5, wherein the frame is configured for
attachnment to the vessel via an articulated joint or a danpening
suspensi dn A §isteBy it eptiscaing thenlgedgmgd fnnards bynn dredpimgtviesset (25reqiipped with

adapted to f]loat in.or on water. 309. System accor.din o.claim§,
navi ng. t ReCTHEOEPE Lo roBPHFRES Eiup fo BomuroIocs) SUHE LB gl Hghs of the
cl ai ms8 Qresddl (MehRIiA alibechloPahd Btk HRAE shidl BEMY DePridldeh &t of submerged
propul sion nmeans to nove its position and orientation renotely and

i ndependeaisinye rseeivirs (pbdiltildh 13f") sipwovted bk frafEl(10Byst em according to
any of clains 1 to 10, further conprising: a neans to receive
conventional soil data of the area to be dredged, a neans to

opti m ze 2dgesgmn@cndimelctis I ¥heteit Hd Rithe AITY iS&RIRUHANbr GitddhBlenh@ae
posi tion based on the conbination of conventional and |ocal soil

i nf or mat b ensl ofpthe vessel yrhacluirame aliges Ge spismic repeivery (hbahls 18, but)mbove
dredghng aﬂﬂﬁﬁﬁg{ltedﬁhe &ﬂ%@‘ﬁ@é’d @gj usting cutter paraneters based on the
dredging paraneters so giving optinmumefficiency at a current and
subsequent cutter head position. 12. A nmethod for optim zing,

during dredgi ng, the,dreggé_n of an area by a vessel (25) 15equitpp,ed,
With a cut PEHERACEIHETR LR heggip ghe fame isgslapted: to supporhgspigpt seismic

conventi Qét%kve?sodlll, H‘,f pirnETP.fuii)QH 2orithigaAlfa to be dredged,

15 4. System according to claim 2 or 3, wherein the set of seismic receivers (11, 11, 11", 11™)

comprises at least two hydrophones.
5. System according to any of claims 2 to 4, wherein the frame is adapted to support the
seismic receiver (11"} closest to the bow end (20) of the vessel (25) at a horizontal distance

20 ofat least 3 m beyond the cutter head (4).

6. System according to any of claims 2 to 5, wherein the frame is configured for rigid

attachment to the vessel.

25 7. System according to any of claims 2 to 5, wherein the frame is configured for

attachment to the vessel via an articulated joint or a dampening suspension.
8. System according to claim 1, wherein the frame is adapted to float in or on water.

30 9. System according to claim 8, having the features of claim 3 or 4.



measuring one or nore |ocal soil paraneters that includes |ocal
seismc velocity of the soil in front df the cutter head during

dr edgi ng, cal cul ati ng dredgi ng paraneters for a current and
subsequent cutter head position based 20 on the conbi nation of
conventional and local, soil paraneters to optim ze yield and cutter
wear, and0- S¥pisH esrordingdgi FyMpardndt wherep thepilegtingatrage 4¢jpreaded, ity a

Cut tor ndieh padh F1eaH ROEDIY REohteh SR8 brihalof KATOl, A0onSRARAT Ve e

| ocal soifositianaifittearessel.urt her conprise geo- resistivity data. 14.
Met hod according to claim 12 or 13, wherein |ocal soil parameters
further conmprise reflection seismcs data such as_ paranetric
echos8undilngydem acerdiagio pex elgisipsdftpI 18y fugihencomrisings.  Met hod

according atrﬁea?@% Rleech %ﬁ%nﬁ&l:{} Qoi} 4ata WP ﬂ{e%iréh tfoﬁ% aciggcﬁg%h soi |

paranmeters further conprise any of vibrationa sound dat a,

t enper at ur nEAS Uo espeintise aredghey pubiveterhdada Giteny asdp sebseqhiertthautter head
cutter head.., 18 16. Method according to any of clains 12 to 15, . .

wher ei n tPRETERHRd %Fh&n@é‘t‘g’i‘%at%é’fe?ﬁg}"f’élFloPgtf’é*fiéPcé\ﬁpﬁ@nfé’ﬁ%téﬂn ORtiEpze
head rot 35d;@9,FpRRAweaHI t€r head rotation torque, attacked layer

t hi ckness and wdth per cut. 5 17. Method according to any of clainmns
12 t 4016,- anheamwsito otitpat Jedingi pesdmeatersvibgretiphdiussnbittar pedndfetensibased on the

drilling,, borehol es, vibrocores, pistan sanpling, con enetration
Lest i ng, S8 EIATBHGHS o108 PBIITREY FHO41eAE o PR 87 AUPSGHuca GRS hesd
to 17 whebstipna | ayer thickness and/or |ayer width attacked and/or

| ateral Swi ng speed of the cutter are reduced when the proximty of
harder soil or rock is neasured or expected, and/or wherein a |ayer

DL knes 2%k E0o I TABE KRR F U2k SRR pBeoek o
measubed eqiiippad@ith @duttdsuction head comprising the steps of:
- obtaining conventional soil information of the area to be dredged,
- measuring one or more local soil parameters that includes local seismic velocity of the
soil in front of the cutter head during dredging,
- calculating dredging parameters for a current and subsequent cutter head position based
20  on the combination of conventional and local soil parameters to optimize yield and cutter
wear, and

- using the dredging parameters so obtained to adjust cutter parameters so giving optimum

efficiency at a current and subsequent cutter head position.

25  13. Method according to claim 12, wherein local soil parameters further comprise geo-

resistivity data.

14. Method according to claim 12 or 13, wherein local soil parameters further comprise

reflection seismics data such as parametric echosounding data or sub bottom profiler data.
30

15. Method according to any of claims 12 to 14, wherein the local soil parameters further

comprise any of vibrational data, sound data, temperature measurements at the cutter head,

swing speed of the cutter head.
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16. Method according to any of claims 12 to 15, wherein the cutter parameters are any of
lateral swing speed, cutter head rotation speed, cutter head rotation torque, attacked layer

thickness and width per cut.

17. Method according to any of claims 12 to 16, wherein the geological survey data is
obtained from drilling, boreholes, vibrocores, piston sampling, cone penetration testing,

and wash probing,.

18. Method according to any of claims 12 to 17 wherein a layer thickness and/or layer
width attacked and/or lateral swing speed of the cutter are reduced when the proximity of
harder soil or rock is measured or expected, and/or wherein a layer thickness and/or layer
width attacked and/or lateral swing speed of the cutter are increased when the proximity of

softer soil is measured or expected.



