A METHOD AND SYSTEM FOR OPTI M ZI NG DREDG NG The | ast ten years have
seen an inportant increase in the vol une of dredging activity, of
whi ch an increasing proportion is perfornmed on solid rock. This
situation is explained by 5 the increased depth required by narine
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cuttlng &@qﬁtﬁﬁapﬁ@ﬁmﬂgngagmg@ggggﬁahb@e soil. The nethod conprises
measuri ng an operational paraneter of the dredgi ng apparatus during a
first working stroke, recording said nmeasured paraneter as a function
of the di b rki
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t ake advarivage thhhh@uﬂtlh@ﬂ@@lt h®$ted to dredge submarine soil. The method comprises
measuring an operational parameter of the dredging apparatus during a first working

stroke, recording said measured parameter as a function of the distance covered by the

25  cutting tool during said working stroke, and regulating the hauling speed according to said
recorded function during a second working stroke that immediately follows said first

working stroke.

WO 2005103396 discloses a method of estimating parameters of a medium to be moved by
30 adigging apparatus, which method comprises the steps of (1) receiving an electronic signal
representing a failure force (F) of the medium,; (2) using said failure force to estimate with
an electronic-processing means at least three parameters of said medium by numerical

solution of a function dependent on said at least three parameters, which function provides



5 of the medium US 2003/0009286 A discloses a soil characteristics
survey device, conprising a pedestal cohnected to the rear of the
tractor, a control unit (a conputer) nounted on the pedestal, and a
soi |l excavating unit attached bel ow the rear end of the pedestal.

Whi | e being towed Ogé a tractor for instance, the device surveys in
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know ¢dge,ofe L,B&uSite. I n particular, the position of the rock zones
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attacked prudently to avoid undue wear and damage to the cutter.
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sites i s chyfatteabticy naaﬁ @gyl@muaﬂﬁejﬂ | oneters and the di stance bet ween
expl oratory boreholes is typically several hundred neters, whereas

shal | ow rock zones often neasure about ten neters only. Such hard
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stops for unplanned repair; 3

The optimal exploitation of a dredge implies a good geological knowledge of the site. In
particular, the position of the rock zones most resistant to cutting must be known because
they should be attacked prudently to avoid undue wear and damage to the cutter.
20
However, in reality, the quality and depth of the rock frequently varies abruptly both in the
vertical and horizontal directions. Thus, the cutter head 4 (F1G. 1), can encounter a few
meters of loose ground (sand) 2 followed by a rock 3 more resistant than concrete. In most
cases, a document of invitation to tender will give an indication on the geological and
25  geotechnical situ characteristics but it is often insufficient and incomplete. The area of
dredging sites is typically a few square kilometers and the distance between exploratory
boreholes is typically several hundred meters, whereas shallow rock zones often measure
about ten meters only. Such hard spots frequently remain undetected until hit by the cutter
head. The simple drilling of additional random boreholes, does not improve the situation.
30
Traditionally, the dredge master is faced with two possible options:
- trying to use "brute force” to maximize the production cutput, with a high risk of rupture

and thus of frequent stops for unplanned repair;



- avoiding damage to the cutter suction dredge by limting the
cutting power, which involves an unnece$sarily | ow production out put
in the non-rock zones. The present invention ains to overcone the
problens in the art by providing a systemthat 5 provides specific

adjustnent to the cutting paraneters based on high resol ution .
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measyfi ng | ogal .soLl neters in and around the position of the
cuttgb h%é ngﬁpﬁﬂbhawgggﬁﬁﬂﬁgrﬁe%glculating dredgi ng paraneters for a
current and subsequent cutter head position based 25on the

conbi nati on of conventional and |local soil paraneters to optim ze
yi el d andI6HRELEEEND adjusting the dredging paraneters so giving

opti mum | Gi . rre nd. equent ter head position
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15 4 rotates 7, and advances 6 into the sand 2 and/or rock 3 layers.

SUMMARY OF THE INVENTION

According to claim 1 there is proposed a method for optimizing, during dredging, the

dredging of an area by a dredge equipped with a cutter suction head comprising the steps
20 of

- obtaining conventional soil information of the area to be dredged,

- measuring local soil parameters in and around the position of the cutter head during

dredging,

- calculating dredging parameters for a current and subsequent cutter head position based
25  on the combination of conventional and local soil parameters to optimize yield and cuiter

wear,

- adjusting the dredging parameters so giving optimum efficiency at a current and

subsequent cutter head position.

30  One embediment of the invention is a method as defined above, wherein the local soil

parameters comprises seismic data.



5 Anot her enbodi nrent of the invention is a nethod as defined above,
wherein | ocal soil parameters conprisestgeo-resistivity data. Another
enbodi nent of the invention is a nethod as defined above, wherein

| ocal soil paraneters conprises parametric echosounding data. 10
Anot her enbodi nent of the invention is a nethod as defi ned above,
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as deflnadm@hmue, wher ei n the cutter paraneters are any of |ateral
sw ng speed, cutter head rotation speed, cutter head rotation torque,
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pi st on sagapmeters compBsgpeErRetreddtivity datast i ng, and wash probi ng.

Anot her enbodi nent of the invention is a nethod as defined above,
wherein a | ayer thickness and/or |ayer width attacked and/or the
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harder soil or rock Is neasured or expected. Another enbodi ment

t he i nverparapretérs campesdypdraastueédhoedindbngwdia. wherei n a | ayer thi ckness
and/ gp | ayer width attacked and/or the lateral sw ng speed of the
cutt are increased when the proximty of softer soil is nmeasured or

expect ed. ArfheAeaDodinkat bP tHel ialéntibh.is b ARK & AR 8BSV Awh¥RliPMRel8dal soil
optim zing the dredging of an area by a dredge equi pped with a cutter
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the | ocaltt ter ring dredging,

15  Another embodiment of the invention is a method as defined above, 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.

Another embodiment of the invention is a method as defined above, wherein the geological
20 survey data is obtained from drilling, boreholes, vibrocores, piston sampling, cone

penetration testing, and wash probing.

Another embodiment of the invention is a method as defined above, wherein a layer
thickness and/or layer width attacked and/or the lateral swing speed of the cutter are

25 reduced when the proximity of harder soil or rock is measured or expected.

Another embodiment of the invention is a method as defined above, wherein a layer
thickness and/or layer width attacked and/or the lateral swing speed of the cutter are
increased when the proximity of softer soil is measured or expected.

30
According to claim 11, there is proposed a system for optimizing the dredging of an area
by a dredge equipped with a cutter head, comprising:

- a means to receive conventional soil data of the area to be dredged,



a neans to optim ze dredging paraneters for a current and subsequent
cutter head position based on the conbithation of conventional and

| ocal soil information to optimze 5 yield and cutter wear, a neans
to out put dredging paraneters, thereby adjusting the dredging
parameters so giving optinmumefficiency at a current and subsequent
cutter headl PEHEF ttp Jfcasure loceh, goib pgramatiers tinothe tlpealitn\ e nthp gt hgad during
systen1a§kgﬁ%§$ibed above, having neans for 10carrying out the nethod
defined furt above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15Unl ess
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have the sane aning.as i s.commonly understood by one of skill in, .
the art. PRFHUOB%F‘?%&R {6 pomEHRiOB A SHTHRFIER] %dgoPa)riéBEﬁN%&P%‘)rbV optimize
ref erence;dier@t@ter ey, Uni ted States patents and patent applications
referencéd herein are i'ncorporated by reference herein in their

entirety -inolean figottpet dredginggsrar@@erth éhepettyi aijedingahe aneflglmnparameters so
used herein to refer ta one or to nore than one, i..e, to.at |east one
of the grEafiR&PPEGHIGEERCYR atCH‘éfe%{‘raPFéP‘és.qu'?P?\R}éS‘Ffé’Fa%Q%%?fé, "a
sensor” neans one sensor or nore than one sensor. 25Throughout this
application, the term"about" is used to indicate that a val ue

i ncl udes Queecmbeditignid ofidhe anviephiowfis @r systent @ deneritbdvitowephayieg hoghns for

bei ng~.enpl oye et j th alue. The recitation of numerical
ranggg g{/%mgr%&g&hﬁtthgni“%é@u%&'egﬁlﬁ]eﬁ#@%vﬁ nunbers and, where 30

appropriate, fractions subsunmed within that range (e.g. 1 to 5 can

include 1, 2, 3, 4 when referring to, for exanple, a nunber of

sanpl es, and can also include 1.5, 2, 2.75 and 3.80, when referring
to, for exanple, concentrations). The recitation of end points al so
i ncl udes the end point values thenselves (e.g. from1.0 to 5.0

i ncl udes DETAILED BOSICRIPTIONORF THP INVENTEONention is related to

e o PR SR i BT i e e i 5 e

under wat @feaning as is commonly understood by one of skill in the art. All publications referenced
herein are incorporated by reference thereto. All United States patents and patent
applications referenced herein are incorporated by reference herein in their entirety
including the drawings.

20

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.

25  Throughout this application, the term "about" is used to indicate that a value includes the
standard deviation of error for the device or method being employed to determine the

value.

The recitation of numerical ranges by endpoints includes all integer numbers and, where
30  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 samples, and can also include 1.5, 2, 2.75 and 3.80,
when referring to, for example, concentrations). The recitation of end points also includes

the end point values themselves (e.g. from 1.0 to 5.0 includes both 1.0 and 5.0).



excavability, hereafter called dredgeability. One or nore of these
paraneters are used in 5 conbination wifh the conventional soil data
to adjust cutter paraneters at the cutting site and at a subsequent
cutting location. Paranmeters which can be adjusted are for exanple
the cutter rotation speed, the pulling force on the wi nches or any

ot her paraneter adjusted in order to optimze yield and/or to reduce
wear and t i .00 I t.0. for
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subsequenii&ys bitimPe3sk1Pasd/bi BtedRQGRAY &t legal soi |l data designates
all information obtained about the soil or rock properties by using
conventional sources or investigation nethods independently of the
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- adjusting cutter parameters in order to optimize production output at a current and

subsequent cutter head position.

20  Conventional soil data designates all information obtained about the soil or rock properties
by using conventional sources or investigation methods independently of the dredging
operations; examples are: geological data from maps and publications, borehole

descriptions, geotechnical testing reports, geophysical surveys, etc.

25  Local soil parameters are those parameters measured in the vicinity of the current position

of the cutter head.

The soil parameters are measured using any iz sifu technique (e.g. seismic refraction
survey, seismic reflection survey, geo-resistivity survey, parametric echosounding survey,
30 etc...) most preferably a measurement of seismic velocity (P wave and/or S wave velocity)
which has been found to give particularly good results. Seismic velocity designates the

velocity of propagation of a seismic wave in the ground. Either compressive seismic waves



(P waves) or shear seismc waves (S waves) may be used. The
correspondi ng seismc velocities are designated as P wave velocity

and S wave velocity. The seismc velocity is a neasured soi

paranmeter relating to the geotechnical characteristics of a rock or
soil mass, and is preferably measured via a seismc refraction 5
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nmount ed QBhdsBEndlhese®ey, el f, | aid upon the sea bed or towed behind a
suitable auxiliary vessel. The cutter head is generally a wheel or

sphere, nounted on its rotational axis by a | adder suspended bel ow

h dgy . direction of the Jadder is adiustable i
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cal cul ated by the present system can be used to adjust one or nore of
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teet h of thideeasutrémentahequestiorond yeduired ibyemt hpmapriftdtse@sorh@ke sensar howebe
cuttipg action in_on at er SW n irection (the so called .
over dhit il ory thei Fredda 1&?@ @6%33%@1%6@@6% tawa%iewﬂé Wyablg)augtiary
under cut tng swing direction). The lateral swi ng nethod can be

adjusted to, for exanple, |oosen sand and soft clay in the | ow i npact
overcutting direction, and to cut rock in the high-inpact

undercut tin i recti.on. 30, The.geol ogjcal survey data, nmay .be.an
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exanpl e, siidpei®d Bowhaé deddlotignesdsdll The daetel 6@ihel IFREL iRbdjasEBle iRMthree-
fromsite-specific drilling. 8 The nethod may provide a soil image,

that20s diensivgi Vithineits sweeie raasdeied wast dereforg, suisdpwnweiiie forwards and
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pur pose of naxim zing the performance of the 5dredge in a so called
sel f | eai& ,lfﬁerﬁ]r gwhgsspeed, cutter head rotation speed, cutter head rotation torque, attacked
layer thickness and width per cut. The teeth of the cutter are commonly bi-directional but
25 having a lower cutting action in one lateral swing direction (the so called overcutting swing
direction} compared with the other (the so called undercutting swing direction). The lateral
swing method can be adjusted to, for example, loosen sand and soft clay in the low-impact

overcutting direction, and to cut rock in the high-impact undercutting direction.

30  The geological survey data may be any obtained by methods generally known to the skilled
person. For example, it may be that obtained from geological image atlases, or from site-

specific drilling.



One aspect of the invention is a systemfor optim zing, during
dredgi ng, the dredging of an area by a %redge equi pped with a cutter

suction head, conprising: - a neans to receive conventional soil data
of the area to be dredged, 10- a nmeans to neasure |ocal soil
paranmeters in the locality of the cutter head durjng dredging, - a

means to OBt PRNe RAYERIGHG dosnilimags, hat ymade pyailaple ta the dipdge finsier via a
cutter h [ &{1‘91 i i n .
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dr edgi ng paraneters are output gd on a display of a map whi ch shows

the current position of the cutter. The map nay be provided with

| evel s ( . _colours,. contours lines,...) .indicatin he timim
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The features defined above in respect of the method apply also to the system.

20  According to one aspect of the invention, the dredging parameters 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, contours lines,...) indicating the optimum cutting parameters.
This might be a function of one or more measured geophysical parameters during the
cutting process. From the display, and in manual dredge mode, the Dredge Master can

25  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 sidewinch, and thus the lateral swing
speed in order to approach the hard spots carefully. As soon as the hard zone is passed, the
pulling force is increased, and thus the lateral swing speed, in order to return to a

30 maximum production output. In automatic dredge mode, the cutter computer itself on
board of the cutter suction dredge will translate the gathered geological information into

optimum dredging parameters. The invention is not limited to the use of seismic velocity
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techniques that allow coverage of several square kilometers quickly and for reasonable
15  costs. Initially, an inventory of the applicable geophysics methods at sea was established;
some are used everyday for non-dredging marine surveying, but do not give a directly
exploitable mechanical characteristic. Others provide useful parameters, but were used
little at sea. Particularly useful were:
- high resolution marine seismic reflection survey,
20 - marine geo-resistivity survey,
- marine seismic refraction survey,

- marine seismic surface waves

The seismic reflection is a traditional method at sea. It makes it possible to obtain a good

25  sub-seabed image, but lacks information relating to the mechanical properties of the soil.

The seismic velocity, obtained by seismic refraction, provides information regarding the
mechanical properties of the soil. The seismic refraction equipment was modified to allow
an effective marine implementation, while keeping a total weight limited in order to allow

30  afast packing and the use on light boats.

The correct exploitation of the seismic refraction and of the geo-resistivity required a short

study in order to define the significance of the measured parameters. The clectrical
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resistant zones while reducing the consecutive time of repair due to ruptures and wear in

15 the harder rocks. The experience feedback from the heavy duty cutter suction dredge
d'Artagnan indicates that the crew is very positive of this type of tool. Currently, the profit

of aggregate output on building site is estimated at 10%.



10- using the dredgi ng paraneters so obtained to adjust cutter
paraneters so giving optimumefficiencylat a current and subsequent
cutter head position. 2. Method according to claiml, wherein the
| ocal soil paraneters conprises seismc data. 153. Method according
to claim2, wherein said seismc data conprises seismc reflection
and/ or sdisMMSref raction data and/or seisnic surface wave data 4.
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clains 1 to 8 wherein a layer thickness and/or |ayer width 10attacked

and/or |ateral sw ng speed of the cutter are increased when the
proximty R/feﬂ?o(afalc@(;rding to claim 1, wherein the local soil parameters comprises seismic data.

15 3. Method according to claim 2, wherein said seismic data comprises seismic reflection

and/or seismic refraction data and/or seismic surface wave data

4. Method according to claim 1, wherein local soil parameters comprises geo-resistivity
data.

20
5. Method according to claim 1, wherein local soil parameters comprises parametric

echosounding data.

6. Method according to claim 1, wherein the local soil parameters comprises any of
25  vibrational data, sound data, temperature measurements at the cutter head, swing speed of

the cutter head.

7. Method according to any of claims 1 to 6, wherein the cutter parameters are any of
lateral swing speed, cutter head rotation speed, cutter head rotation torque, attacked layer

30  thickness and width per cut.



soil is neasured or expected. 11. A systemfor optimzing the
dredging of an area by a dredge equi ppdd with a cutter head,
conprising: 15- a neans to receive conventional soil data of the area
to be dredged, a neans to neasure | ocal soiI parameters in the

|l ocality of the cutter head during dredg a_nmeans to optim ze
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par amet erggobihfier eby adjustlng cutter paraneters based on the dredging
paranmeters so giving optimumefficiency at a current and subsequent
cutter head position. 2512. A systemaccording to claim 11, having
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attacked and/or lateral swing speed of the cutter are reduced when the proximity of harder

soil or rock is measured or expected.

10. Method according to any of claims 1 to 8 wherein a layer thickness and/or layer width
10  attacked and/or lateral swing speed of the cutter are increased when the proximity of softer

soil is measured or expected.

11. A system for optimizing the dredging of an area by a dredge equipped with a cutter
head, comprising:
15 - ameans to receive conventional soil data of the area to be dredged,
- a means to measure local soil parameters in the locality of the cutter head during
dredging,
- 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
20  yield and cutter wear,
- a means 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.

25  12. A system according to claim 11, having means for carrying out said method, as defined

in any of claims 2 to 10.
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