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UNDERWATER EXCAVATION APPARATUS FIELD OF INVENTION
This invention relates to an improved excavation apparatus, and in
woertisuleszon an improved underwater excavation apparatusPTheBroeTioms02
also relates to a method of using such an excavation apparatus. The
invention also relates to an improved subsea 10 mass flow excavation
system and related method including means for orientation and placement
of the system, elN BERIFATER|EXTPR/INEIONSAPFARATIUG is typically
sitting on the sea bed. 15BACKGROUND TO INVENTION Underwater
excavation apparatus are known.WO 98/027286, also by the present
Inventors comprises an underwater excavation apparatus comprising a
rgiiow bedyhaving aileast two inlets and at least one outlet, at 20 least
one pajr of impellers rotatably mounted in the hollow body, and means for
driving thE imPeVERE 1Hkret #F §fleds? dRnISRRF & KB starcfyat ion
apyrametiecally aisposad asotmiban axis exdengingifigrpdhedt leagkenater
eg{‘étée&aﬁ‘%ei@g 'iae;%@&"s\’: the %’L”gi(;r“l%ﬁ% f%%s%ﬁ‘&ﬂ%r‘é‘l%‘%' lers 1o be,
riven In contra-rotating directions, and one of the ifmpellersis prowdeé)
m@ithipdo e ofi el ety el dean sthe e vk theoim palters & provided within
another, of the jalgts; &xcayalys emassdlow excayation sysiems gpplate
30 by directing a jet of high volume fluid under low pressure at the sea
"BES tof diRPlaRE RSPt eThé BRc ket RdetheidPfoing Vuddad

ml¥ AReans of 8:c1ane desvhigtiis pissddadawerandiielrieyedhen, e.q.
excavator, and to maintain a given distance from the sea 2 bed or

abPY&UR rEGRTRG eRERFAIDIT sG&h 85 RUSEE offbrdhs pefiveifplly
sarger e controhthesexcavation, sonar detection means are used to allow
the excavator operator to view the excavation in real time. Cameras

BACKGROUND TO INVENTION

Underwater excavation apparatus are known. WO
98/027286, also by the present Inventors comprises an
underwater excavation apparatus comprising a hollow body
having at least two inlets and at least one outlet, at
least one pair of impellers rotatably mounted in the
hollow body, and means for driving the impellers, wherein
the at least two inlets are substantially symmetrically
disposed around an axis extending from thé at least one
outlet. Therein, preferably, the driving means cause the
impellers to be driven in contra-rotating directions, and
one of the impellers is provided within one of the inlets
and another of the impellers is provided within another
of the inlets.

Excavators or mass flow excavation systems operate
by directing a jet of high wvolume fluid under 1low
pressure at the sea bed to displace sea bed material.
The excavator is tethered from a vessel by means of a
crane wire, which 1is used to 1lower and retrieve the

excavator, and to maintain a given distance from the sea
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5 and metal detection means can also be used to assist the operator.
During the excavation of a pipeline or cable the excavator is typically
weegpeesieofollow the direction of the pipeline. This is achievedibysroviewso2
the vessel 10 along the pipeline, using the dynamic positioning (DP) of
the vessel, while the DP operator references the sonar images relayed to
surface. In order to follow the line, and to view the excavation process, it is
bedsertiabthat tHagerract avigniatipneofthe axtavatosisanaiataireddobisa

oSS hesqnalia saectiositinngd aRous s ne-dresegtayiises
tugger lines (faut lines attached to the excavator) to maintain and adjust
seféktafis AR EAGEMERANEat RS wirkeshdtRle dkéetion Fhgy reyorEaRer

opesselde taks aheadingdifferent from the directin 120:gf{he linedgds-» <
excavated, making it exceedingly difficult to keep the correct orientation of

2L BREA at SIS RF PSR R (53Re UG ehEe P&t hedBftfind e

optpadivexdirection. In subsea excavation apparatus using a single impeller
asin Sr ?ﬁ607t2§§ ng@ggtigg (gorq%% crgateg b ltrilrelém%erllercn@\;es t e
excavation gpparatus Unstable 1n the water. © Pt is an object or at feas

epneerhbadirhenttofrat dedstonsempecedf the pleseitinyehtorbtbrsesdski ton

oPbvigie qriatdegstmitigate aneqr make af the 30afqramentoned p@%’éets@f

in the prior art. It is a further object of at least one embodiment o
afearg ohbeaspEeafithe presdnainteRticly e Bdek rrebrarndng: 16BE) of

c AUUGALE QB¢ OF (Rofe Probliemoin the PHEGH. BFUMMARY Qe sonar

INVENTION  One or more objects of the present invention are achieved
1ppIRE gBRAEdiution BrpFGGing afu tdrexEavafth &barktds
afieMpysingemenss éxdmaringrheappasatusic Ascerdigntoiafirsthatc
tgspect of the present mvenglrg)n JPeﬁm'S provided an undervvate{:

§c§\?a1ii%?1c§ppoa]féteu% Comprising at leas he heahs 161 rﬁ%\}fﬁgathréw to

enndervatbeexgavation appaates; tthe apdedst omeedowhgeedrisbdinge .
p30Rrovided on or adiacent 1, e undqryiater excavalion APPYMShea o
the excavator) to maintain and adjust orientation. In
inclement weather, wind and tide direction may require
the vessel to take a heading different from the direction
of the 1line to be excavated, making it exceedingly
difficult to keep the correct orientation of the
excavator and the sonar due to the difference in ship's
heading and pipeline direction. In subsea excavation
apparatus using a single impeller as in US 5,607,289
reactive torque created by the impeller makes the
excavation apparatus unstable in the water.

It is an object of at least one embodiment of at
least one aspect of the present invention to seek to
obviate or at 1least mitigate one or more of the
aforementioned problems in the prior art.

It is a further object of at least one embodiment of
at ieast one aspect of the present invention to seek to
obviate or at least mitigate one or more problems in the

prior art.
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The at least one moving means may comprise means for orienting,
positioning, rotating (e.g. in use around at least one substantially vertical
wWaHMEEso at least one 15horizontal axis), counteracting reRCIVERAGIE4502
and/or steering the apparatus. The/each moving means may allow for
required achievement and maintenance of a desired position/orientation of
the apparatus 20The moving means may be capable of moving the
SMBAFRLQFTFNMFNARAMNr backward; to one side and/or to another side;
up angl{ar down23r0tatigRally arogrd & Merticallyextending,axisiB.ong re
and/or another direction rotatably around at least one (or two
apRisRAcuIRY hofBntal§FRaERdINg SIS EXRR) inTne RIS aAcEHer an
ulifeglioter excallag MOVINGIPERAS RAY EAHER i WL, ANenanare fels
300f fIU|dh gﬁ}?Of the underwater fluid. The moving means may
m%gﬁrﬁﬁ'ls% -y gﬁt§ao 1i;ﬁovmg means.  In one arrangement the moving
meascnraydcomprise at |[Eastane ppiaf nodvindengaress svitichi magnine oh
tﬁgb%tantlglly §¥mm%tr|gall3églsg9§§g Qn.or %djacengto c& alpparatusf fgr
example, a first pair of moving means may spose ator ad
cOppei shrfacerst tReapharaigs MSH0P atf@rnmameﬁbéndmdqh@ater

excavation apparatus, the at least one moving means being

provided on or adjacent to the underwater excavation
apparatus.

The at least one moving means may comprise means for
orienting, positioning, rotating (e.g. in use around at
least one substanﬁialiy vertical axis and/or at least one
horizohtal axis), counteracting reactive torque and/or
steering the apparatus.

The/each moving means may allow for required
achievement and maintenance of a desired
position/orientation of the apparatus.

The moving means may be capable of moving the
apparatus:

forward and/or backward;

to one side and/or to another side;

up and/or down;

rotationally around a vertically extending axis in
one and/or another direction rotatably around. at least
one (or two perpendicular) horizontally extending -axis
(axes) in one and/or another direction.

The moving means may’cause, in use, one or more jets
of fluid, e.g. of the underwater fluid.

The moving means may comprise a plurality of moving
means.

In one arrangement the moving means may comprise at

least one palir of moving means, which - may Dbe
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5 apparatus. Further, or alternatively, a second pair of moving means may
be disposed at or adjacent to respective opposing faces of the apparatus.
wOheos®$asg means may be connected/connectable to the eRcavaBRNN7/004502
apparatus, e.g. by connection meang such as brackets or arms. 10The
Applicant has termed the/each moving means as a "thruster”. The/each
moving means may comprise at least one impeller/propeller/blade, i.e.

SHvtimed ferlrbrati Gy TIRS/E AER MovirdilFrRaRs Mag tompristdd deept  to

thavingsa1athieughmpRassageng e 2 Rolley-avinddeal Rodymoy: hRe/kaghs
respective impeller may be mounted in the respective cylindrical body for

M5tatih HoGREE0nGudifal 244 FERE tHRGudiPpssagerface ofpghe
apppatatus mayrehrepriseameans forrdring 2atheéeach impeller. of the

The/each driving means may comprise an electrically or hydraulically driv
aﬁf)e%ﬂ%us' T%é e%%: rdrivwlffg r%}gz;lﬁlsrr%ﬁ%ﬁ %Cigd'ap%edigé% ect%a[g Idri\?g
mthiel res peetives impelldpen dithprdipdctioh of25rdfaicent tAlternspesiypive

ofpukadyaniageausly) thedriving maeans may,be agaptad t?rlIQEJME t%%g be

respective impeller in a single direction of rotation. n use,

CRRBEIES &f aHIes MYy e ahBn FX30HE E4@Sed 2B RBEASE We différeht
LYIrECHnNs3a 85 theaHse R RPRArEYs iR Lolate areuigka substantially

The Applicant has termed the/each moving means as a
"thrusterﬁ.

The/each wmoving means may comprise at least one
impeller/propeller/blade, i.e. mounted for rotation.

The/each moving means may comprise a body having a
through passage, e.g. a hollow cylindrical body.

The/each respective impeller may be mounted in the
respective cylindrical ©body for rotation around a
longitudinal axis of the through passage.

The apparatus may comprise means for driving
the/each impeller.

The/each driving means may comprise an electrically
or hydraulically drive means..

The/each driving means may be adapted to selectably
drive the respective impeller 1in either direction of
rotation.

Alternatively (and advantageously) the driving means
may be adapted to drive the respective impeller in a
single direction of rotation.

In use, the impellers of a pair of moving means may
be caused to rotate in different directions so as to
cause the apparatus to rotate around a substantially
vertically extending axis.

In use, the impellers of a pair of moving means may

be caused to rotate in the same direction so as to cause
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vertically extending axis. In use, the impellers of a pair of moving
means may be caused to rotate in the same direction so as to cause 5
wbeappasadels to move in a selected direction, e.g. forward, hackaaedoonéeso2
one side or another. The/each m@ving means may comprise a nozzle
and valve arrangement. For example, there may be provided at least
one pair of opposing nozzles and associated valves to provide for
rbtaticradm@mmentin eitiveradiréctiornareeric atsedbstanitiskytvissticallye . g .

£xiending 9K lnanadyaniaoeoys ayapagment thgre are provided 10

two pairs of nozzles at either end of the apparatus. Suitable control of the
valvesThRARFEthdROiise, theapparafis capBrrddsedto rearlandmord
VAoV fere-aRdafkand/or from side to side. The apparatus may comprise
means for connecting or 15tethering and/or securing the apparatus to a
vessef T §¥RMheGns FTohiBRYnG et Sthfidr seefihg Ry Pair
cHMypisesatigasicons eye, dhe/easl eyedigiag capable of seeeidngde for

£l Jine or tethier extending fiom the yeseel. The atleast one eyey
May Comprise at [east one pai Of eyes, Which pair of eyes may be

ss&ibst-‘amiailﬁﬂsymmemchdiyljlsp@d@dﬁh@app_amtus, e.g. on an
uppermpstguiriacs thergatal o aQ@f&H};QﬂBHﬁ'“QﬁQ% thﬁ@@faﬁg)&%‘éd

the means for connecting, tethering and/or securing may be use
F88gHRR Bpproxfmalely b eEoafsely® pbBRIBN BRE/0AEcald the APPRFAELILS -

48.0: dyrrmovement of e vasselandior opesatianeef ie-dynamiCyse, the
positioning of the vessel), while the movin(%I means may be 30 used to

FRBRF 8Ly ChfecRBIYGHURARElY t FoiRSR B cAB M For trikhtatd e and
apparatd/or from side to side.

The apparatus may comprise means for connecting or
tethering and/or securing the apparatus to a vessel.

The means for connecting, tethering, and/or securing
may comprise at least one eye, the/each eye being capable
of receiving a cable, line or tether extending from the
vessel.

The at least one eye may comprise at least one pair
of eyes, which pair of eyes may be substantially
symmetrically disposed on the apparatus, e€.g. on an
uppermost surface thereof at or adjacent opposing ends
thereof.

In use, the means for connecting, tethering and/or
securing may be used to roughly, approximately or
"coarsely" position and/or locate the apparatus, (e.g. by
movement of the vessel and/or operation of the dynamic
positioning of the vessel), while the moving means may be
used to more exactly, precisely or "finely" position,
locate and/or orientate the apparatus.

In an advantageous implementation the underwater
excavation apparatus comprises a hollow body, e.g. a

hollow body having at least one inlet and at least one
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In an advantageous implementation the underwater excavation apparatus
comprises a hollow body, e.g. a hollow body having at least one inlet and
wat teasicap® 6 outlet, preferably at least one pair of impellerscatatedily?/004502
mounted in the hollow body and preferably further means for driving the

impellers. Advantageously, the further driving means cause the

5impellers to be driven in contrary rotating directions, in use.  The at
oleastone ideemaydielnclired atl@aangledoean aad alongfwhidimtled ders

least one outlet is provided. 1QRreferably. there s provided, at least one
rg&f?%?%%gts. b “’B%S%ra&? thQéF})%l% Iegsgtkolnoe‘gpalj?%%%le%%gre éjurb%%aerﬁ?akf &/y
fyyrahestriveindisposedaiotimg ankais erehtirgefrom the outlet. 15In one

embogimenl KRR R CRUFIaN APRA/ BT K SOMPTiS AaRalE Al

_horizontally or at least partly horizontally opposed inlets communicating
1HRA L §hGle CUtSE tHETIHE adParfagesady béinghdpthed \ERGEARPS -
jdoywpwards substantially midway between the two 20 inlets, in use. In this
case, the excavation apparatys may, therefore, be substantially "T"
shaped'f &Bfn%?asﬁng ealﬁe‘?%t’?\//eméﬁﬁb Giment ﬁadear%vaf‘éf angle
texcavaticixapparatus:nawedmpriserse pagtof idlketsconmenicating evith as
sgggkedo%tlet, the inlets being 25 substantially symmetrically disposed
around an axis extending from the outlet, the outlet being disposed
verticaliye Sewalpkydstduistantiallyormiiiae Betdeen gretvoIRRtP i dseo f
;I this,case, the excavation apparatus may, therefore, be substantially "Y"
shaped in profile. 30 Advantageously, the outlets are each

spaceWmEfFed SibstrRiallfus #8athe G%R eRéhdingFomthssfierre

substantially symmetrically disposed around an axis
extending from the outlet.

In one embodiment the underwater excavation
apparatus may comprise a pair of horizontally or at least
partly horizontally opposed inlets communicating with a
single outlet, the outlet advantageously being disposed
vertically downwards substantially midway between the two
inlets, in use. In this case, the excavation apparatus
may, therefore, be substantially "T" shaped in profile.

In an alternative embodiment the underwater
excavation apparatus may comprise a pair of inlets
communicating with a single outlet, the inlets being
substantially symmetrically disposed around an axis
extending from the outlet, the outlet being disposed
vertically downwards substantially midway between the two
inlets, in use. In this case, the excavation apparatus
may, therefore, be substantially "Y" shaped in profile.

Advantageously, the outlets are each spaced/inclined
substantially 45° from the axis extending from the outlet.

At least one impeller may be provided

within/adjacent each inlet.
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Atleastoneimpellermaybeprovided within/adjacent each inlet. 7 The
means for driving the/each impeller(s) may include at least one drilling

W ab0s/065368 he at least one drilling motor may comprise a stator/aBgor/004502
rotor rotatably mounted in the stator,,the 5 stator being provided with a
rod recess and an exhaust port, the rotor being provided with a rotor
channel and at least one channel for conducting motive fluid from the rotor
chanrildo arctramberfioetweénithérrgtor e/ thecstatof mbelrbdrésess may

sfeingroyiderlyith atod: whish 1in \ae.Jorms a seal between the stator

the rotor. ugh not esse It IS highly desirable that the rotor
be prétitledaith kel orael rAgmbbifer eRgagemenawithaberstare. a

sPefstablydhe sqalis) or sealinemRer f/are maden15 flama magerial e
selected_from the group consisting of plastics material,

ShalyRthyRAATIRetBRE hERH, cBbbRr AlloyeAndeeifiRseBden exhaust
pAdvantageousdy.die red isgmpde i@ materiakselested froruthesarodpa

consisting of plastics materjal, 20 palyethylethylketone, metal, copper
aglloyEENd gfé%nl%%‘? S e%. 6 re %‘%ﬁtt st 2 1 frd dléﬁivvﬁgg\?\‘/othe
rigcbre cessesnghichtare dispdsetbepposie waeranotner, antddwo exkdaushe
hi re dispo opposi e t 5e of therpd . .
SQ%[E%JW a xdcg%o gg{?%ﬁﬁ Eé%ﬁgcﬁgﬁﬁ?é rwon%?q] 4 NSPY which

recesses being provi aresp aving two seals
iwhittearefdispssed 8ppdsikebriesindther. staTler datidgthetorenay -

advaniagrgusly Camprise e driling motors arranged VAELINEN 1 e that

respective rotors 30 connected together each motor‘comprising a stator

ERRd & PHOF robfatiiF ROHAREd iNRE statoPaRé stafor BBy pReiBed with®
eadadéneess and Rnexdagshpett, the rotor

Preferably, the seal(s) or seal member is/are made
from a material selected from the group consisting of
plastics material, polyethylethylketone, metal, copper
alloys and stainless steel.

Advantageously, the rod is made from a material
selected from the group consisting of plastics material,
polyethylethylketone, metal, copper alloys and stainless
steel.

Preferably, the stator 1is provided with two rod
recesses which are disposed opposite cone another, and two
exhaust ports' which are disposed opposite one another,
each of the rod recesses being provided with a respective
rod, the rotor having two seals which are disposed
opposite one another.

The drilling motor may advantageously comprise two
drilling motors arranged with their resgpective rotors
connected together each motor comprising a stator and a
rotor rotatably mounted in the stator, the stator being
provided with a rod recess and an exhaust port, the rotor
being provided with a rod recess and an exhaust port, the

rotor being provided with a rotor channel and at least
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WO 2008/065360PCT/GB2007/004502 8 one channel for conducting
motive fluid from the rotor channel to a chamber between the rotor and the

wiriess Hagskgd recess being provided with a rod, which, in use HOEBS7/004502
seal between the stator and the rotor. 5Preferably, the drilling motors are

connected in parallel, although the drﬁling motors could be connected in
series if desired.  Advantageously, the drilling motors are arranged so

dhat, ipdisenone dalingmeioreraratasRUtef Phase ql0Miththerptherlor o
Thus, in a greferred embodiment each drilling motor has two chambers

ARG chaMbars T B RSt BRHNG FRotsisard 986Ut DR Phadeswifit feRt -
chambeds irethesse doadrdyillngombded Simtarlys inras embodimeniin use,

%NhiCh eachd i:“i motor. h%?foura%%gham%rgh@e ct{anllbers in the first

r
d?ﬂ%% Motor Woll tp‘)”?%ﬁ-ﬁa yebt-E-3 outor phasé with the’ chambers on

the setord drifipiymotéhd hidairbhjementcielps toensuresmmeathed  in
r-Quiput inhikjt Nigg. 114 ivel tlea
BOWer QU aq%lgg%me e _agmlnﬂ%@@yg YollRAlde %quggeb%;ed

drilling r.nofor‘may ' "Moineau™ mator, hydraulic motor or a su
Hapted eRecirfc ARdred - The impellers may be driven by means of a

gearbexy ok RY £xBlOHALION of the QRPOSING LLabve 1araHeONA- ¥R bady: o
of the motor. 25When the reactive torque upon the motor body is utilised,

Hifdast ofe MfellePRfy Beidoniedddbdn AREEESRs (the Rlotdase
wihile at leastoaneether impeler may ke opneestackd thenmetanbady. each

SHermaey e oplers e B dhuen b AR 0 oL ts g,
bataricediand hismgbevonatequatsperdf, out of phase with the
chambers in the second drilling motor. Similarly, in an
embodiment in which each drilling motor has four
chambers, the chambers in the first drilling motor would
preferably be 45° out of phase with the chambers on the
second drilling motor. This arrangement helps to ensure
smooth power output and inhibits stalling.

Alternatively, the at least one drilling motor may
be a "Moineau" motor, hydraulic motor or a suitably
adapted electric motor.

The impellers may be driven by means of a gearbox or
by exploitation of the opposing reactive torque on a
drive body of the motor.

When the reactive torgque upon the motor body is
utilised, at least one impeller may be connected to an
output shaft of the motor, while at 1least one other
impeller may be connected to the motor body.

Alternatively the impellers may be driven by a pair
of motors operating in opposite directions. In such case
the motors and impellers may be balanced and may be run

at equal speed.
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9 The underwater excavation apparatus may further comprise an
agitator device having mechanical disturbance means and fluid flow

wisihdagsgmeans. The underwater excavation appgatissiaaiodisoz
use, be 5suspended from a surface vessel or mounted upon a sled of the

type currently known for use in subse excavation operations.
Preferably the underwater apparatus may comprise a hollow body having

a pair ghinletgc@smupicating ydth-an 1 13 outlel at- laast onRPaIr Hurther
impellers rotatabl mountedﬁigE the hoJlow body and means_for driving the

TRPFRASHS tdnRSS BRI sTSetAfal P elFaI HiSids et Srotiaras e
reeds1extendingl itdad themuttet swheteindlee meletssare not horizontally

OPposgdto SHSeanfr’éQ%(;r Ry d{%%‘hor?g S%%@%S‘S%%\%ﬁcgé@le RISSENLe

invention there is provided a metho rwater exca
commeisieg Lrprovidisyaheeavaiss hpparatasricedrdimgro thesfhet of

@speqtph dhepresenfinyeniing,20exsavating an LIndsiyaler apea ysing; on
the apparatus. BRIEF DESCRIPTION OF DRAWINGS
PRRBBYIRMYs of the present invention will now be described by way of

example Ofdk asthwithiefeiades-ig 26the assampanyingdyawiegsrwbich a
are: Figure la front cross-sectional view of a first excavation ag aratu§1
? ﬁ] 8 th an

%@%6ﬁﬁn& NaPg@ Pair of in ets communicatil wil

outlet, at least one pair of impellers rotatably mounted
in the hollow body and means for driving the impellers,
the inlets being substantially symmetrically disposed
around an axis extending from the outlet, wherein the
inlets are not horizontally opposed to one another.

According to a second aspect of the present
invention there is provided a method of underwater
excavation comprising:

providing an excavation apparatus according to the
first aspect of the present invention;

excavating an underwater area using the apparatus.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the present invention will now be
described by way of example only, and with reference to

the accompanying drawings, which are:

Figure 1 a front cross-sectional view of
a first excavation apparatus
according to the prior art;

Figure 2 a front cross-sectional view of
a second excavation apparatus
according to the prior art;

Figures 3(a) to (c) front, side and top views of a

first embodiment of an
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30Figure 2a front cross-sectional view of a second excavation
apparatus according to the prior art; Figures 3(a) to (c)front, side and top

wewR/sastirstembodimentofan 10 excavation apparatus ageaieipghiodhgoz
present invention; a front view of a second embodiment of an excavation

apparatus according to the present invention; front, side and top views of
a thirdembodimentofan excavation apparatus according to the present
invention; and atop view ofafourtxesrbodinant ciipeextavatiorccording

apparatusaccordingto the preserét int\:/ggtion. DETAILED DESCRIPTION

OF DRAWINGS Referring to |9igure 1P¥ﬁesreerll§ S 8%%n§ﬁrgs?;
Rdrabodindent of an underwater eRcavdtismappavates 306K accerdingagond

the prior art. The apparatus 3002 £ABPNISES:  of an  excavation

apparatus according to the
present invention;

-Figures 5(a) to (c) front, side and top views of a
third embodiment of an
excavation apparatus according
to the present invention; and

Figure 6 a top view of a fourth
embodiment of an excavation
apparatus according to the

present invention.

DETAILED DESCRIPTION OF DRAWINGS

Referring to Figure 1, thére is shown a ‘first
embodiment of an underwater excavation apparatus 300a
according to the prior art. The apparatus 300a comprises
a hollow body 370a formed from a pair of horizontally
opposed inlet ducts 371a and an outlet duct 373a, a drive
motor 310a and a pair of impellers 335a, 340a.

The apparatus 300a is further provided with
deflection baffles 302a within the hollow body 370a,
suspension brackets 306a to enable the apparatus 300a to
be suspended from a surface vessel, guide vanes 386a, to
regulate the flow of fluid past the impellers 335a, 340a,
and safety grids 385a to seek to prevent the ingress of
solid matter which may damage the impellers 335a,340a. In
this first prior art excavator, the drive motor 310a is
provided dlong an axis common to the horizontally opposed
inlet ducts 371la and iwmpellers 335a, 340a. An output
shaft 330a of the motor 310a is connected to a first

impeller 335a while the second impeller 340a is attached
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20 a hollow body 370a formed from a pair of horizontally opposed inlet
ducts 371a and an outlet duct 373a, a drive motor 310a and a pair of

wioRelREsdeoa, 340a.  The apparatus 300a is further providqaauishr/o4s02
deflection baffles 302a within the hollow body 370a, 25 suspension

brackets 306a to enable the appara%us 300a to be suspended from a

surface vessel, guide vanes 3864, to regulate the flow of fluid past the
tinpelletsa33ba; 840a canthaataiy grids 38510 seak oaygvent the ingress |
hg%ggliﬁi mg%te{:%\t/gic%q rlqgé/ (Eln% g?e?ztg]s impellers 335a,340a. In 30 this first

prior art excavator, ha drive-motor 3104 is provided along an axis

comnion teghe honzdnallyfdppdsetkinketpptts=8l lacandhenpetiers:338a) a

Oa .QuUtp ft of otar 310a js connected tq.a first

V?;r%peﬁgﬂ é%a%kﬁ%ethg %%acaongggn%@éllgr&gg %attgc u((aé g110tt§ ¥ sﬁgﬁput
sBats cérfectéddiald BRI B283 18 ahoukatRdissing BRtetdrite howstue

£3588.thi 4N Use JPotive Buidds suppliedin the metas 31Dadsa fiMid inlet e
308a which in turn causes the output 5 shaft 330a and impeller 335a to

"iate. REARtiVEtorgUerEm RisToilibhi TaliRBs BRPESET hobSing ¥ thet
ttrive snaten 81Qshinfrotatesinea direationsoppasitederthatekthieceutput shafe

330a.This in turn results in the rotation qf the second impgller 340a.The
et a5 108 e i FEd L il Aespid Fhat koL Lexe
38ppositeddirections, thaey tgulgitovdelantgial flowegie tof waterintiamghein
o dy, 370a. Water drawn into allow: hady_ 370 is direc
O%%%ﬁ%%%ﬂécﬁfognggaﬁs '302ag'[krou% th ouﬁéét8 uc?[ 7%%?1% t%)\?v%“r’ éetde
othewEBstia Ber200ke hojRowhiedn23 Hirl- swivek32sanann inaho the

naltarnative ybodisagnt, g eplaged Py-a seeandypgtorawhichydie@ el 1 on
drives the impeller 340a, as described with reference to Fgure 2. 20The

bastdartion teride 30 thdy e SHEPSE e F6r XaRpRAfokPHRFBSwW Gre

seiermefasystace vessel, or through a moonpool of a dedicated subsea

operations vessel. The_excavation apparatus_300a may further be
The shaft 342a and swivel 325a may, in an

alternative embodiment, be replaced by a second motor
which directly drives the impeller 340a, as described
with reference to Figure 2.

The excavation device 300a may be suspended, for
example, from the bow or stern of a surface vessel, or
through a moonpool of a dedicated subsea operations
vessel.

The excavation apparatus 300a may further be
provided with an agitator device (not shown) having
mechanical disturbance means and fluid flow disturbance
means.

In an advantageous version the motor 310a comprises
a drilling wmotor, such as that disclosed in WO 95/19488,
the content of which is incorporated herein by reference.

The drilling motor 310a may comprise a first wotor
and a second motor, substantially the same as that

disclosed in EP 1 007 796 Bl.
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25 provided with an agitator device (not shown) having mechanical
disturbance means and fluid flow disturbance means. In an

wadadbasreus version the motor 310a comprises a drilling npotG S0V @3502
that disclosed in WO 95/19488, 30ttﬂ§ content of which is incoLporated

herein by reference. The drilling'motor 310a may comprise a first
motor and a second motor, substantially the same as that disclosed in EP
1 007r&9% 82 i NY02008/G65 3B0RGE GB200R404503 12 howreferringaaod
to Figure 2, there is shown a second prior art underwater e ation .
DR BAratth SOUBHEE PARE bf (R AHFArARD S0PRSe ontfel e | L1k
pRumerats usseto agrify parts oDt aoparatds 8004 bEFighye huBecebs
S Gpd Dby ralbet hary' ety Il auparatus 3000 iflers e .

the apparatus 300a in that the shaft 342a"and swivel 325a are replaced by

exeerbnduheter Babedand BIT-tBliphia§ 3eBbt FRbs,"if this embodiment

the impgllers,335h, 3400 Asewirven byr40 rashectivemalsss 2100319002
In use, motive fluid is sugpflled to motors 310b,310'b via fluid inlet 308b
iznd ¥ecoldfig 3BHE 54 2RERMIMY I BhuPes 3(a5 16 3TTPHRTESs ©Y 2
sShewA andtsienyater exaadtonBrrapius; gereally deSignatedin this

15300c, according to a first embaodi of the present_ipventi
eg%ﬁ%ﬁ‘f‘&? 500%%%simﬂénﬁ%%%r§’ppr§§t%g '30(?%?0&300%%% mgr)}%]/ige-%gectgy
Hikepparts beingaoenoted Byoike3aditerals, Ercepssuffivad icre A tahdels

seen rom Eigure 360 e, apPariu$,309S £1uid inlet 308b and T-
coupling 326b.

Referring to Figures 3(a) to 3(c), there is shown an
underwater excavation apparatus, generally designated
300c, according to a first embodiment of the present
invention. The apparatus 300c is similar to the
apparatus 300a or 300b in many respects, like parts being
denoted by like numerals, except suffixed "c".

As can be seen from Figure 3(a), the apparatus 300c
includes a sonar head 400c. The apparatus 300c also
comprises at least one means 405c¢ for moving the
underwater excavation apparatus, the at least one moving
means 405c being provided on or adjacent to the
underwater excavation apparatus 300c.

The at least one moving means 405c comprises means
for orientating, positioning, rotating (e.g. in use,
around at least one substantially vertical axis, and at
least one substantially horizontal axis), counteracting
reactive torque and/or steering the apparatus 300c.

The moving means 405c is capable of moving the
apparatus 300c:

forward and/or backward;

to one side and/or to another side;

up and/or down;
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20 includes a sonar head 400c. The apparatus 300c also comprises at
least one means 405c for moving the underwater excavation apparatus,

wiafldeasghone moving means 405c¢ being provided on or apfaceBdertiase2
underwater excavation apparatus 30Qc. 25The at least one moving means
405c comprises means for orientating, positioning, rotating (e.g. in use,
around at least one substantially vertical axis, and at least one

substaptially BaHZORtal@dsh €ounteraeting sadstive iaremeéiany/crsteering

the apparatus 300c, 30The. moving means 405c is capable ving t
CYPpat f?/sofooﬁ?f)otr\l?v Fd SndisF Badkard to g(r%)e gidg 5%3?(%: trz)}%no%ﬁegrgt

osigle; (ap-andiior dpewpewil 2008/065360RCTICBR0Y7/604B0REBg  axis
(ialionally around @ yeitically exlandiag gxis Brone andor another

irection rotatably around at least one (or two perpendicular) horizontally
exteriBivy aRISHaxBSVililshe SHBF anbRF dirdétios Fate/edgauired

aPIpMing maans 405gallows fersequisad achievement and mainterrnsereld
a desired position/orientation of the apparatus. The moving means

Pegises %é,eﬁﬁé‘b?‘?ﬁoféfje@& RRB2EHLOF the underwater fluid.
10Themeoving MneARE495C campeses arplueslity ohmovingnmeans etdsce £
connected to the apparatus 400c by cannection means 406¢, such as

fEJP%i’C‘E(etse, a?msogr tﬁ% ik%?%r? s %%Iér%lelr%eén't the moving means 405c
comprises moving means 405c comprises a plurality of

moving means 405¢, connected to the apparatus 400c by
connection means 406c, such as brackets, arms or the
like.

In this arrangement the moving means 405c comprises
a pair of wmoving means 405c, which are substantially
symmetrically disposed on or adjacent to the apparatus
405c. The pair of moving means 405c are disposed at or
adjacent an upper surface of the apparatus 300c, and at
or near adjacent ends of the apparatus 300c. The
apparatus 300c further comprises a further pair of moving
means 405c placed on a respective sides of the apparatus
300c.

The Applicant has termed the/each moving means 405c
as a "thruster".

The/each moving means 405c¢c comprises an
impeller/propeller/blade 410c. The/each moving means
405c also comprises a body 415c having a through passage,
e.g. a hollow cylindrical body. The/each respective
impeller 410c is wmounted in the respective cylindrical
body 415c for rotation around a longitudinal axis of the
through passage.

The apparatus 300c also comprises means for driving

the/each impeller (not shown). The/each driving means
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15 a pair of moving means 405c, which are substantially symmetrically
disposed on or adjacent to the apparatus 405c. The pair of moving means
WAORAIS Hi®posed at or adjacent an upper surface of the appamGEGOM04502
and at or near adjacent ends of the ggparatus 300c. The 20 apparatus
300c further comprises a further pair of moving means 405c placed on a
respective sides of the apparatus 300c. The Applicant has termed
CRISAd MoV RehRe 05 s £ prtdtepally or hydraulically

d25Vke/eashmovingraransdlSeapmprisesan impellerfyepelieriiade 4406y,
S%I'Fgg/each moving means 405c also comprises a body 415c having a

8Gf paSsdue, '€.§. ARoWBRCYhifidfical DYy, FREKHRS BepBstiRan be
aitapeitat 4t6c Brmhoanteten thesgespective ayinsirical-30: body 4d5e faher
‘Qiat] round a lgngitudinal axis of the thraugh passage. The
dg%ggr%a?tf% 300c g@%%olrﬁgﬁse%fr%%%%%%y‘ rl\ﬁné?ﬁéf/e‘ggﬁ?rﬂﬁgﬁgro(‘h%{y“
eshowAHFhdé/eact gEVihgihEans hay 0J2068/06586CRE T LGB 2D6 7 HI4ER

cd4 typically comurises.apeleatically griydraplicallyrive;meags (gt
shown). Such is controllable from surface, e.g. via an umbilical. The
dd¥GinGIRBaRS cER BREd@®bted to drive the respective impeller 410c in

eitherr diggetjont pirofaien. Alteynatvely §3nd agwantageouslye Gy diedas
simgl?iéit)g the drivin$1 means can, be adapted to drive the respective
CHRpeifer $R0EFa EMgiCHifd&ioh b PothfiSh SRFust RS MpRIePO 4 86 &
caysdr affraowipgareans 10 @aa hescaudsedto mwiatera diffesepedisetiicn 3¢
as fq cayse the 1@_\gpﬁ%ratus 300c to rotate around a substantially vertically
vertica ex 1Tl 18. . .
extending axis. n u%,?ﬁ{e impellers 410c of a pair of moving means
405c¢ Eanwescaused tompatd éir thet $@meadfirectipaiso af moving means

405c can be caused to rotate in the same direction so as
to cause the apparatus to move in a selected direction,
e.g. forward, backward or to one side or another.

The apparatus 300c comprises means for connecting or
tethering and/or securing the apparatus 300c to a vessel.

In use, the means for connecting, tethering, and/or
securing typicaliy comprises at least one eye, the/each
eye being capable of receiving a cable, line oxr tether
extending from the vessel. The at least one eye can
comprise at least one pair of eyes, which pair of eyes
are substantially symmetricélly disposed on the apparatus
300c, e.g. on an uppermost surface thereof at or adjacent
opposing ends thereof.

The means for connecting, tethering and/or securing
can be wused ~to roughly, approximately or "coarsely"
position and/or locate the apparatus 300c, while the
moving means can be used to more exactly, precisely or
"finely" position, locate and/or orientate the apparatus
300c.

In use, orientation can be achieved and maintained

by exerting thrust on the apparatus 310¢ or "excavator"
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15to cause the apparatus to move in a selected direction, e.g. forward,
backward or to one side or another. The apparatus 300c comprises
Wna94pi68onnecting or tethering and/or securing the appa®EIaCER0Am 4502
vessel. In use, the means for connegyjng, tethering, and/or 20 securing
typically comprises at least one eye, the/each eye being capable of
receiving a cable, line or tether extending from the vessel. The at least

£5RE efe tahrcoffpritetat ekl ohtish gFaFea vsichpaiFBreyeyaRg or
tsuhsiantially ayareetricadly dispeseshen theappaatus R53086.8:0. ON @R
tg@;&esrﬁmost r%uggce tgereoLat or adja/%ent %Jpo in%ends thereof. = The
Mieans for Conneeting. tethating and/of s& ﬁ]ﬁﬁ‘zjc n B& udBEtS Yddgiay LY
dappeximatehp el lenarsety't poditign amifdrilocate the dppasatus BOGg;ing,
' e i e d actly, precisely ,or
e poakiore Totts hnior Sentire (1o apnee o, che
tBhErationes bedach Ve RS marRambHEsy exertingehrusiesh thet  is

18pRaratys; 31Qq 01 "axcenatebt WO0Q8/063360PCTHSBPOP7/00A302 15,

from a jet, or jets, of fluid generated by the moving or thrusting means
Y5 aftAEREtb HRSxRAVSHRITIRN thri&RF Mdkhs T art Bl<R¥eEiRA

upbhydiaslicedy siriven arepetier rorfingawihigrbulanhousiagsdng the
where theé)ropeller tips %e in,cloie proximity to the tubuI%r housing. An
oS58 Propelle? may v used bt 18%6<s SHiGiaRt With-Dtatidh of the™T &°

open propell
mpropadlen, fluikisembwed througlf theiousing ancheaiclive thodst isrexerted
oJR4 the Jousing.and fo e excaylor thils, caysing the, 10 excavalor to,

move. A single t'hrust(-;-r is sufficient'to maintain orientation if it is capacble
hgtieaielde operstionviie lregapseopiatipruieha efeckdc sphydaulie the

opiaten will causedhe PROPRIISELR £Qiale indbie-pnposite giregtion difacting, s
the jet of fluid (and thus 15thrust) in the opposite direction.
thrust) in the opposite direction.

For efficient burial it is also important to keep
the fluid flow emanating from the excavator besgide and/or
over the line. Lateral positioning of the excavator is
normally achieved by movement of the vessel. However,
with the use of two thrusters the operator can control
the excavator's lateral position relative to the line.
To achieve this the operator may:

(1) Adjust azimuthal control to achieve the desired

orientation;

(a) wusing a single thruster or

(b) two thrusters acting in opposing
directions.

(2) Thereafter adjust lateral position using the

two thrusters'together.

Rather than manually fixing orientation, it is
preferable to derive a control signal from circuitry with
reference to a compass located on the excavator, and thus

automate azimuthal control and positioning of the sonar
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For efficient burial it is also important to keep the fluid flow emanating from
the excavator beside and/or over the line. Lateral positioning of the
WER088/8G516ls normally achieved by movement of the vessel. PAO/@B2007094502
with the use of two thrusters the opegator can control the excavator's
lateral position relative to the line. To achieve this the operator may: (1)
Adjust azimuthal control to achieve the desired orientation; 25(a) using a
OLinGlehiusts b} RRotARREREEhgRpFosihg UirstiRsiRe (§able or
pIbelaafter adjust lateral position using the two thrusters together.
30Rather than manually fixing orientation, it is preferahle to derive a
contro sﬁgnéllsf?om %ﬁcuit{:ré%vithar%?&%ncg o %‘?:%?ﬁnpeélgs locate \ic?nsthethe
epgeaeaor, anfdthuscautoaedde azirputhalesaabband pokitiohingof therade
aSA8A% A6, metaldelection agpargiusaboyg the sihsea cabler®y 11 or
pipeline. ~ The use of the above arrangement enables the excavator to

IBBAIH froth 988sef FitPIstRSG yrdd¥ Fareamit positfingtE.gobp fhe

" p88 0PPeserdodd Iregieatayewhere the number indicates the quality of

the pasitioning equipment used,  Referring nhow to Figure 4, there is |,
ShowR % ST BP sdcond LBSraent bF &R excvalblt dBpatariide

view of a second embodiment of an excavation apparatus,
generally designated 300d, according to the present
invention.

The apparatus 3004 differs from the apparatus 300c
in prdviding a pair of moving means 405d on either end of
the apparatus 4004, 'and an additional pair of moving
means 405'd facing outwards, so as to provide for side to
side movement. .
| Referring now to Figures 5(a) to 5(c¢), there is
shown a third embodiment of an excavation apparatus,
generally designated 300e, according to the present
invention. ' A

The apparatus 300e differs from the apparatus 300b
in that an additional pair of moving means 405e are
provided on top of the apparatus 300e. Therefore, in the
apparatus 300e there is provided two moving means at
either end. One of the twe at either end having a
impeller that rotates in one direction, and the other of
the two at the other end of the impeller that rotates in
a contrary direction.

Referring now to Figure 6, there is shown a fourth
embodiment of an excavation  apparatus, generally
designated 300f, according to the present invention.

In this embodiment the/each moving means 405fF
comprises a nozzle and valve arrangement. For example,

there can be provided at least one pair of opposing
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10generally designated 300d, according to the present invention. The
apparatus 300d differs from the apparatus 300c in providing a pair of
wouisgasseans 405d on either end of the apparatus 400d, arrCaGB2007/004502
additional pair of moving 15means 405'd facing outwards, so as to provide
for side to side movement. Referring now to Figures 5(a) to 5(c), there is
shown a third embodiment of an excavation apparatus, generally
ngesignated 390e ando@itmpo teefrevedtvaGinventin.to Phewupparafiey

r300e differs fromdheppparatus,300bsipthat anadditional pair ot maying 5
means 405e are provided on top of the apparatus 300e. Therefore, in the

SRS 308 tHEESS [RvideBHAOIMPREENs at 25 either end.
One afrthestivo adeitheagadhaviag darnalien that rdates irenegliaetigng

t%rgd trjaei()):the(r) ftrtle t\/\ﬁoe%t tQ Oo%her e_nd o%he impeller_that rotates in a
ContPary d?recf?on.%e%errmg ISOW tgtl-':lgeulrg ,I’Ehéarggs glﬁov%&% fabRATatus
380émbo&imieratiof ancextamalion Aippaeatus Jeme ralbsde sigmated<3O0f hat ,
1gcqpuding t eth%%%%d@’%‘%’ﬂca '%@“%Sﬁ&b@&”@%”&%‘@é‘%a&hand/or
moving means 405f comprises a nozzrlle and valve arrangement. For
mevsmpleo Bferershrathé previdéeat femst onkdsaik of pP6sing 17

The moving or thruster means 405f can therefore be
provided by a vector thrust mechanism, with a central
power source, such as a mixed flow or centrifugal pump,
pumping fluid into a manifold with a plurality of outlet
nozzles.

Control valves can be used to open and close each
nozzle. In this embodiment an opposing pair of controlled
nozzles can replace a reversible propeller arrangement.

The pump and nozzle arrangement shown can be mounted
on the top of the excavator.

It will be appreciated that the embodiments of  the
present invention hereinbefore described are given by way
of example only, and are not meant to be limiting to the
scope of the invention in any way.

For example, although the disclosed embodiments are
generally "T" shaped, other housing shapes may be
envisaged. For example, "Y" shaped as disclosed in EP 1
007 796 BLl.

It may be envisaged that the wmoving means
(thrusters) may be provided on or mounted, e.g.
detachably attachably, to a frame, which frame may be
detachably attachable to the excavator apparatus. This
may facilitate retro-fitting of thrusters to existing
excavator apparatus, The frame may also facilitate

provision of a power pack, e.g. attached to surface by an

electrical umbilical cable, the power pack powering the



nozzles 405f and associated valves 455f to provide for rotational
movement in either direction around a substantially vertically extending
wWeQe0d@pstdvantageous arrangement there are provided SPGKIGREPSTOD4502
nozzles 450f at either end of the apparatus 300f. Suitable control of the
valves 455f provides that, in use, the apparatus 300f can be caused to
_rotate and/or move, fore and aft, and/or from side to side. The moving or
1R adtb Ao A Ho5 e therETrE bB2Y0 BROVRISRFadeett thiist" deep
wEeshanism, with a central power source, such as a mixed flow or
centrifugal p, pumping fluid into a manifold with a plurality of outlet
nozzlé§, C‘f’o[ﬁt?cll RRsEanBPISES T5-5Fert BRG clude e‘é%’ﬁ%‘h%z?fé‘ﬂﬁ’g

mttas:embodimeriisan oppoking pad D chntselied eotrield canteplacap be
reversible propeller arrangement. p d nozzle arrangement
s ov{/ﬁgctgn gép mgﬁnte%ongtﬁcentrég of tﬁg%x::%r%%%:?ﬁ wi %netgp%’ecigt%ed @
gtfea Bes embobizierts ofiger 20predent Hardnion peransheforntestibble
apiEgivendy way of example only, and are not meant to be limiting to the
scope of the invention in any way. For example, although the disclosed
embodiments are generally "T" shaped, other housing shapes may
be 25envisaged. For example, "Y" shaped as disclosed in EP 1 007 796
Bl. It may be envisaged that the moving means (thrusters) may be
provided on or mounted, e.g. detachably attachably, to a frame, which
frame may be 30 detachably attachable to the excavator apparatus. This
may facilitate retro-fitting of thrusters to existing excavator apparatus. The
frame may also facilitate, provision of a power pack, e.g. attached to
surface by an electrical umbilical cable, the power pack powering the
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18 impellers/thrusters. This may be advantageous in "deep waterl' It
will also be appreciated that the various moving means of the various

disclosed embodiments may be 5 combined so as to provide for greater ~MCSLLP

control, or a greater number of degrees of freedom of movement of the
apparatus. MCSLLP 19 CLAIMS 1. Af underwater excavation apparatus
comErising a hollow body having at least one pair of inlets and at least
G utlet, at least one pair of impellers rotatably mounted in the hollow
body, means for driving the impellers, and at least one means for moving
the underwater excavation apparatus, the at least one moving means
lheingitoVinEE oRedHdjScE 6 I lindRRIHEFEXcav2NBA Hpbaratts “fd +°v
AN HaGenvaterexcavation apparaiis as Elaimac insclainil, avheteiathe one
at least one moving means comprise means for orienting, pasitionin n
%Ht%tg afdior SfEe inaqﬁe %%Jpgréfgs %irﬁg?oirlc%ﬁ%tel?ggt%ﬁtga%;l&étir&gghted H
tioequecdfithe 1bapparatusaids Aflandemiaténgxcavatiomapparatus,asand at

lclaimced in either of rglsaimgolror %,O%Q%r in Itqie%ea é)ﬁ/%gtrgganggggwgt ion

feas .onde mea
or required achievement and maintenance or a 20 desired
apgsitiar/odentatien ef theesgpparans. MoAhnndeewater exéavatiphovided on

Q%pggéiggeﬁ%d%m%%n Any;Riseeding claim. wherein the mpying means
pable of moving the apparatus:

2. An underwater excavation apparatus as claimed in claim
1, wherein the at least one moving means comprise means for
orienting, positioning, rotating and/or steering the
apparatus and/or counteracting reactive torque of the

apparatus.

3. An underwater excavation apparatus as claimed 1in
either of claims 1 or 2, wherein the/each moving means
allows for required achievement and maintenance of a

desired position/orientation of the apparatus.

4. An underwater excavation apparatus as claimed in any
preceding claim, wherein the moving means 1is capable of
moving the apparatus:

forward and/or backward;

to one side and/or to another side;

up and/or down;

rotationally around a vertically extending axis in one
and/or another direction;

rotatably around at least one or two perpendicular
horizontally extending axis/axes in one and/or another

direction.
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25forward and/or backward; to one side and/or to another side; up and/or
down; rotationally around a vertically extending axis in one and/or
another direction; 30rotatably around at least one or two perpendicular
horizontally extending axis/axes in one and/or another direction. MCSLLP
20 5.An underwater excavation apparafus as claimed in any preceding
claim, wherein the moving means causes, in use, one or more jets of fluid,
Ssuch dsiof4hé eRdaffdterifid Vs biAn uRdadiddriskcavatiohdppRfatds a0y

As.claimed; inany;preceging chaim cwhergly theymewng MeansLomprise aise,
plurality of moving means. 7. An underwater excavation apparatus as ,
&Nt oy 16 precelling @hfin, WHERIR thePhobiy MBIRS EakfpFisEtuid-
at least one pair of moving means, which are substantially symmetrically
disposed on or adjacent to the apparatus. 8. An underwater excavation,

%pmﬂéﬁs%§4$ﬁﬁﬁaqﬁcﬁmﬁavatlon apparatus as claimed in any

preceding c¢laim, wherein the moving means comprise a

plurality of moving means.

7. An underwater excavation apparatus as claimed 1in any
preceding claim, wherein the moving means comprise at least
one pair of moving means, which are substantially

symmetrically disposed on or adjacent to the apparatus.

8. An underwater excavation apparatus as claimed in claim
7, wherein a first palr of moving means are disposed at or
adjacent an upper surface of the apparatus and/or at or

near ends of the apparatus.

9. An underwater excavation apparatus as claimed in
either of claims 7 or 8, wherein a pair/second pair of
moving means are disposed at or adjacent to respective

opposing faces of the apparatus.

10. An underwater excavation apparatus as claimed in any
preceding claim, wherein the moving means are
connected/connectable to the excavation apparatus, such as

by connection means such as brackets or arms.

11. An underwater excavation apparatus as claimed in any
preceding claim, wherein the/each moving means comprises at
least one propeller/blade/further impeller mounted for

rotation.

MCSLLP
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15 7, wherein a first pair of moving means are disposed at or adjacent an
upper surface of the apparatus and/or at or near ends of the apparatus. 9.

An underwater excavation apparatus as claimed in 20 either of claims 7 or MCSLLP

8, wherein a pair/second pair of moving means are disposed at or

adjacent to respective opposing faces4f the apparatus. 10. An

underwater excavation apparatus as claimed in any 25 preceding claim,
Wherelinthenfieving ragasx arvedrirmectedieeradctableso the exeadvationclaim

1@PW@§eﬁ%h@%tﬂéSeﬂn%@{‘r{@e%%ﬁ%cmgﬁlgﬁcé@tsaorkﬂf%}ag}]&ving a

An underwater excavation apparatus as claimed in any 30 precedi
digift Whetaimthefeach moving means comprises at least one
propeller/blade/further impeller mounted for rotation. MCSLLP 21 12. An
underwater excavation apparatus as claimed in claim 11, wherein

YHe/ealth MoNiRg Hiddis CoMiprise ABOdYRRAAT S thidBigh as85ge 191812 4m
A uRdennater excavatiothapparatuss/elained inelaiBbrk: Whereilt least
where the/each moving means comprises at least one further impeller and

IRE bSMy HAS B th]rg‘ﬁﬁg b§§saﬁ8dco£?b?isiﬁ§ Aholléh cilindic by, Passage
dbejeach ragpestivecfurtber isypelled isimounteddry thetespeetie respective
fca/llfir%ﬁ;llrical 10 boﬂ gor rotation ar%‘é%fj a %ongglédinal axis %f,the throtlg

h. .
passage. TAPAR URderwater excavation apparatds 88 cfaimed inany perical

tainsttl-tor b3 awhereirnwberelthe/éactyiovinigimeans 15 cofnprisestatrough

least one further impeller, the apparatus
passage.

14. An underwater excavation apparatus as claimed in any
of claims 11 to 13, wherein where the/each moving means
comprises at least one further impeller, the apparatus

comprises means for driving the/each further impeller.

15. An underwater excavation apparatus as claimed in claim
14, wherein the/each driving means comprises an

electrically or hydraulically drive means.

16. An underwater excavation apparatus as claimed in
either of claims 14 or 15, wherein the/each driving means
is adapted to selectably drive the respective further

impellexr in either direction of rotation.

17. An wunderwater excavation apparatus as claimed in
either of claims 14 or 15, wherein the driving means is
adapted to drive the respective further impeller in a

single direction of rotation.
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comprises means for driving the/each further impeller. 15. An
underwater excavation apparatus as claimed in claim

14 ,whereinthe/eachdrivingmeanscomprisesan 20 electrically or MCSLLP

hydraulically drive means. 16. An underwater excavation apparatus as
claimed in either of claims 14 or 15, wleérein the/each driving means is
adapted to selectably drive the respective further 25 impeller in either

Hirectidm ofuntkiona tEL Apxarierwatsr expRvEtivhUEppafatys asBkdmad any

ineeither pfclaims 14 or 15, wherein.the %N@g@m/iéwp%géwquneans
the respective further impeller in a 30 single direction of rotation. MCSUP
oompgiAR UndeFwatet BxEavalich apparaies as crimelan anylsrf claifds  the

tdterldy wherrin whese fie/eachmoving meansLomptises ak leastai@ed to

further impeller, in use, the further impellers of a pair of moving means are

Eat8&RF 105 rotate frGifrereht BReblions s6 Asas chlisé W GppaatdPRpratus
fofate;arpund-a-substantiallyoertieally-extending oxis 119 Ak ubdenyaiebxis .
excavation apparatus as claimed in any of claims 11 to 18, wherein where
the/each moving means 10 comprises at least one further impeller, in use,

the, further impriters oka paik ©f maving Mepps & ¢aused terataie i the any
same direction_so as to cause the apparatus to move in a selected |,

SireCtbALTS 20 A hdbrtar SE YA aratlS AS ATAImBE TRy means
peegeding:elaimtwheegin theteaeh niaving emearnspempases ainozzisand the

_)Czalve arrangement. 21. An.underwater e§cavation apparatus as claimed in
c V§h e no n ea C

%?%%2 ) eerelnrtﬁefaefar% p?g\%ae(f at least ore pair of opa‘proesingaused ko

norzles and asseciatedealvies¢o provides for astationat mmement ireeitreratus
girection around a SLibst%nt(ijalla/.verti%allé/ extending axis.
O a seLecte i0en.

mnove in irec
20. An underwater excavation apparatus as claimed in any

preceding claim, wherein the/each moving means comprises a

nozzle and valve arrangement.

21. An underwater excavation apparatus as claimed in claim
20, wherein there are provided at least one pair of
opposing nozzles and assoclated valves to provide for
rotational movement in either direction around a

substantially vertically extending axis.

22. An underwater excavation apparatus as claimed in
either of claims 20 or 21, wherein there are provided two
pairs of nozzles at either end of the apparatus, control of
the wvalves providing that, in use, the apparatus can be
caused to rotate and/or move forward and backward, and/or

from side to side.

22. An underwater excavation apparatus as claimed 1in
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25 22. An underwater excavation apparatus as claimed in either of claims
20 or 21, wherein there are provided two pairs of nozzles at either end of

the apparatus, control of the valves providing that, in use, the apparatus  MCSLLP

can be caused to rotate and/or move forward and backward, and/or 30

from side to side. MCSLLP 23 any préceding claim, wherein the

apparatus comprises means for connecting or tethering and/or securing

ahe apparetds iva véssel, 5 PRCAR tihdERFatePERE/ASN appRiatiSs asmeans

glaimed,in, clain 23, wherein thermeans il connectingy tethering: angies ratus
securing comprises at least one eye, the/each eye being capable of
recéiving = Eable, line or tether extending from the vessel. 10 25. An
underwater excavation apparatus as claimed in claim 24, wherein the at

least one eye comprises at least one pair of eyes, which pajr of eyes are ,
LibstebialP SR Cal T HEBaSekP on DR ABE AT SUEH B8 WHTar 150121

wppermost suacertbereefator #djaceat nppesing gndstheneofi 26, Aand/or
underwater excavation apparat;%as glaimed in any otc%laims 2}3; to 2% bes
ARSIt U B meansYor 26 E8ineRfifg, tetReéring Brdisrsecinng P19
capdel usest torretighly] appeoximaiedy ol coarsely pesiticirard/oefotateg from
tfg}e ap,glarat s, while the moving means can be used to more exactly,

e . SSel.. .. )
%remse y'or Tihely position, locate and/or orientate the apparatus. 25

25. An underwater excavation apparatus as claimed in claim
24, wherein the at least one eye comprises at least one
pair of eyes, which pair of eyes are substantially
symmetrically disposed on the apparatus, such as on an
uppermost surface thereof at or adjacent opposing ends

thereof.

26. An underwater excavation apparatus as claimed in any
of claims 23 to 25, wherein, in wuse, the means for
connecting, tethering and/or securing can be used to
roughly, approximately or coarsely position and/or locate
the apparatus, while the moving means can be used to more
exactly, precisely or finely position, locate and/or

orientate the apparatus.

27. An underwater excavation apparatus as claimed in claim
1, wherein the driving means cause the impellers to be

driven in contrary rotating direction, in use.

28. An underwater excavation apparatus as claimed in claim
27, wherein the at least one inlet is inclined at an angle

to an axis along which the at least one outlet is provided.
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27. An underwater excavation apparatus as claimed in claim 1, wherein
the driving means cause the impellers to be driven in contrary rotating

direction, in use. 30 28. An underwater excavation apparatus as claimed ycsLLp

in claim 27, wherein the at least one inlet is inclined at an angle to an axis
along which the at least one outlet is prbvided. MCGLLP 24 29. An
underwater excavation apparatus as claimed in any of claims 1, 27 or 28,
AfnerefmthBrsd¢eait bPe paiFst TRbiCare WP Emtialy §imMétitafy 10 any

Sisposgd around agraxisextending rorithe ontleta 30 Ancungdganvaigh r of
excavation apparatus as claimed in any of claims 1 or 27 to 29, wherein

hé tintleivater BXRAVAIIIN- appar at LS iprisesd Bail SPRATOhtaly o8P 30

At {eastpasthnhadzantally, epposed inlets communicating with a 10 single
outlet, the outlet being disposed vertically downwards substantially

midway between the two inlets, in use. 31. An underwater excavation
Fpparats asddaimetdn 16 claimstt on2atp22awhereinsthe Laderdaten any

excayation apparatus.comprises a pair of. inlets communicating with a .
%ﬁfngqg%hlﬂét, eoiﬁleés% b(-‘:giqcr!?g%%bstvg}fﬁglﬁf/L %y%%neetﬁgacﬁjﬁﬂfg&o%%deﬁgax tion
Hpaxis extendiogfrons ée autletathe cuflettbemg dispeséd verticallpt least

downwards substantially 20 midway bet twa | i 32, .
o T B e D P uen
silrerem atdedstohe impbler(syistpvidedsiitiin/adjasemtseath imex R5cally

&g%£Wlﬁ&?“@ﬁ%ﬁ§%ﬁ%ﬁ§%&&agR§5yg§aﬁé%%g@gi%ﬁgytwo inlets, in

precedingclaim,wherein theuriderwateréexcavation apparatus further
womprises an agitator device having mechanical disturbance means and
fluid flow disturbance 30 means.

31. An underwater excavation apparatus as claimed in
claims 1 or 27 to 29, wherein the underwater excavation
apparatus comprises a pair of inlets communicating with a
single outlet, the inlets being substantially symmetrically
disposed around an axis extending from the outlet, the
outlet being disposed vertically downwards substantially

midway between the two inlets, in use.

32. An underwater excavation apparatus as claimed in any
of claims 27 to 31, wherein at least one impeller(s) is

provided within/adjacent each inlet.

33. An underwater excavation apparatus as claimed in any
preceding claim, wherein the underwater excavation
apparatus further comprises an agitator device having
mechanical disturbance means and fluid flow disturbance

means.

34, An underwater excavation apparatus as claimed in any
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25 precedingclaim,wherein theunderwater excavation apparatus, in use, is

suspendable from a surface vessel or mountable upon a sled. 5 35. An MCSLLP

underwater excavation apparatus as claimed in any of claims 1 or 27 to 29

or 32, wherein the underwater apparatus comprises the hollow body

having the pair of inlets communicatingwith the outlet, the at least one

pair of impellers rotatably mounted in the hollow body and means 10 for
RIRASGHSImpiferd the infeRSBEIRY subst&ntiall SRdmehfally digrosest1on

AIpHRd anaxis extaading fions thg eutieto wbetiniheainlals aB0kessel or
horizontally opposed to one another. 15 36. An underwater excavation

M ats s HIaiéd M@8im 2, wherein the at least one moving means
comprises means for rotating the apparatus around at least one vertical
axis and/or at least one horizontal axis. 20 37. A method of ungrwager.

3e53<t:av§f?onu@odrﬁ6?’|d§ﬁ§ :rprg\ﬁaﬁféagﬁ 8RcavRton %%B%ra?uss accordi ﬁg o ey
@y of elaims 1 to36; eXtavating an wndedlaterdreaasing the appadatusater

25 38. An underwater excavation atus comprising at least pne .
HBARS ol%smogf?\néqﬁésu%sdergv}é erggvoav{ion% g@&ara Sgs‘,’,ﬁﬂg atElggst gt ©°f

imaving means:being provided o drhadjacentes theehaderwaterst one pair
excavatign apparatus, w int t ovi a ise

e T e ey
fexcaveationiappardtes ¢omptises ﬁ*_reahbﬁforiméﬁﬁmgbﬁﬂm obusddravaidn 11y
J@%%89¥PH§TEJ1WH@EH¥&W'EWHE%@“%&?taxis extending from the

outlet, wherein the inlets are not horizontally opposed to

one another.

36. An underwater excavation apparatus as claimed in claim
2, wherein the at least one moving means comprises means
for rotating the apparatus around at least one vertical

axis and/or at least one horizontal axis.

37. A method of underwater excavation comprising:
providing an excavation apparatus according to any of
claims 1 to 36;

excavating an underwater area using the apparatus.

38. An underwater excavation apparatus comprising at least
one means for moving the underwater excavation apparatus,
the at least one moving means being provided on or adjacent
to the underwater excavation apparatus, wherein the at
least one moving means comprises at least one impeller
mounted for rotation, and wherein the underwater excavation
apparatus comprises means for providing a flow of

underwater fluid comprising a hollow body having at least
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MOSLLP 26 one inlet and at least one outlet, at least one pair of further
impellers rotatably mounted coaxially in the hollow body and means for

driving the further impellers, wherein the further driving means cause the MCSLLP

further impellers to be driven in contrary rotating directions, in use. 39. An
underwater excavation apparatus as ckéimed in claim 38, wherein the at

least one moving means comprise means for orienting, positioning,

cotating) Istich asdin ate 10 @puneiat leust bak substantialy verieal axisir of

andlorat least opeharizoptal axis, soypteractingreactive 1oraug anglomn o1 10w

steering the apparatus. 40. An underwater excavation apparatus as .
talned s 151efther of ¢hails BBIGRY: hefdil Hhe/Badi RV Meakderein

allaws forrequirgd achieyement and-maintenance ofa desitethe11ers to be

position/orientation of the apparatus. 41. An underwater excavation
Apparatud As CRAIMEREH aFy 20 dlaf< 88 té A0S wheteil Ife moving
means is capable of moving the apparatus: forward and/or backward; to
one side and/or to another side; up and/or down; 25rotationally around a

Yertically SXRHRIEA5E i BAE WS aridtRer diFdidion Tottanly HodRd ©1 310
at leaghene/two perpendiculaharizentallynextendingexistaxesnp oNge means
and/or another direction. 30 42. An underwater excavation apparatus as

ERfmedih SRy St EainkOs8 o 22 Whereit 41 mdVig miedhs catides, Wt 45°©

MGCQUR at least one substantially vertical axis and/or at
least one horizontal axis, counteracting reactive torque

and/or steering the apparatus.

40. An underwater excavation apparatus as claimed in
either of claims 38 or 39, wherein the/each moving means
allows for required achievement and maintenance of a

desired position/orientation of the apparatus.

41. An underwater excavation apparatus as claimed in any
of claims 38 to 40, wherein the moving means 1is capable of
moving the apparatus:

forward and/or backward;

to one side and/or to another side;

up and/or down;

rotationally around a vertically extending axis in one
and/or another direction rotatably around at least one/two
perpendicular horizontally extending axis/axes 1in one

and/or another direction.

42 . An underwater excavation apparatus as claimed in any

of claims 38 to 41, wherein the moving means causes, in
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27 use, one or more jets of fluid, such as of the underwater fluid. 43. An
underwater excavation apparatus as claimed in any 5 of claims 38 to 42,
wherein the moving means comprise a plurality of moving means. 44. An
underwater excavation apparatus as claimed in any of claims 38 to 43,
wherein in one arrangement the moving710 means comprise at least one
pair of moving means, which are substantially symmetrically disposed on
osadjacent tothenapparatiss 45. Ad underwatehexcavationtdpparatds asater
g{ﬂi}@gc‘j in claim 15 44, wherein a first pair of moving means are disposed

at or adjacent an upper surface of the apparatus and/or at or near

adjacent ends of the apparatus. 46. An underwater excavation apparatus

25 claimed in 20 gither of claims 44 o545 wherein asecandpaligby in any
moving means are disposed at or adjacent to respective opposing faces of
tHe dplpatas.3 U7LAN dRderWhfefr eXkRavativn BpparidustesdlaimeeiRrise a

any Z:aficlains 3310 46, wherein the moving means are connected or
connectable to the excavation apparatus, such as by connection means,

such as brackets or arms. 48. An underwater excavation apparatus as

glaimegin any;39 w4 eaims 3849 471 wieegin theleach MoviagMeans in any
comprise a body having a through passage, such as a hollow cglindrical

Bbay L RIEBLLP 28 49! An JHYerRafer £XcaVktioR BhPRPSTIS A5 clatfiedoving

ieelan d8nphesein dhe/eash tespestive impelieris viountedamhie which are
reshectue eyindrica| badt oy soipton araund angiudnal s SLe o che

apparatus.

45. An underwater excavation apparatus as claimed in claim
44, wherein a first pair of moving means are disposed at or
adjacent an upper surface of the apparatus and/or at or

near adjacent ends of the apparatus.

46. An underwater excavation apparatus as claimed in
either of claims 44 or 45, wherein a second pair of moving
means are disposed at or adjacent to respective opposing

faces of the apparatus.

47. An underwater excavation apparatus as claimed in any
of claims 38 to 46, wherein the moving means are connected
or connectable to the excavation apparatus, such as by

connection means, such as brackets or arms.

48, An underwater excavation apparatus as claimed in any
of claims 38 to 47, wherein the/each moving means comprise
a body having a through passage, such as a hollow

cylindrical body.

MCSLLP
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5 50. An underwater excavation apparatus as claimed in any of claims 38
to 49, wherein the apparatus comprises means for driving the/each

impeller. 10 51. An underwater excavation apparatus as claimed in claim MCSLLP

50, wherein the/each driving means comprises an electrical or hydraulic

drive means. 52. An underwater exca¥@tion apparatus as claimed in 15

either of claims 50 or 51, wherein the/each driving means is adapted to ,
SplectdblyWienHa Fespectiva Tmpefér mRsithet tireclich 6L ftdifch, 153 claim

AN undenwater excayation appanaiusas slaimed in eitherof glaims &0 am the
51, wherein the driving means_is 20 adapted_to drive the respective

TRPRAGIIVE sindlé HirBEidiT 8t rotaliGAY 54. Mt undéRaér 8kcavadtionnd @
PP alYg asalaimedsinanytofclaims 3g o p3swheeein, in use, the

impellers of a 25 pair of moving means are caused to rotate in different
directions so as to cause the apparatus to rotate around a substantially
yertically extendingaaxis. BscAranderwatepexcavatiornapparatussas in any

claimed jn ané g;o of clggns 38to 54 wh%rein in use, the impellers of a

%%ir%]f MBing esfs are calisedtd Y}otgl eeina[ﬁg %lé?nteug irectioh so asto -

fause the apparaies tantovenpal Ne3 L LP 29 selected direction, such as
forward, backward or to one side or another. 56. An underwater

excavation apparatus as claimed in any 5 of claims 38 to 55, wherein the
Fppardtus codwrises ameans-foy cobhnactiiper eetvarirpsand/ei Becuriny claim

é%%aag%@@f%KH%¥?§§%h driving means comprises an electrical

or hydraulic drive means.

52. An underwater excavation apparatus as claimed 1in
either of claims 50 or 51, wherein the/each driving means
is adapted to selectably drive the respective impeller in
either direction of rotation.

53. An underwater excavation apparatus as claimed 1in
either of claims 50 or 51, wherein the driving means is
adapted to drive the respective impeller in a single

direction of rotation.

54. An underwater excavation apparatus as claimed in any
of claims 38 to 53, wherein, in use, the impellers of a
pair of moving means are caused to rotate in different
directions so as to cause the apparatus to rotate around a

substantially vertically extending axis.

55. An underwater excavation apparatus as claimed in any
of claims 38 to 54, wherein, in use, the impellers of a
pair of moving means are caused to rotate in the same

direction so as to cause the apparatus to move 1in a
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57. An underwater excavation apparatus as claimed in claim 10 56,
wherein the means for connecting, tethering, and/or securing comprises at

least one eye, the/each eye being capable of receiving a cable, line or MCSLLP

tether extending from the vessel. 15 58. An underwater excavation

apparatus as claimed in claim 57, whe?&in the at least one eye comprises

at least one pair of eyes, which pair of eyes are substantially

syheméteidally disposedron tise apparatus cstrehias oncatlippaidnoste to one
svrface thereof at or adjacent opposing ends 20 thereof. 59. An

underwater excavation apparatus as claimed in any of claims 56 to 58,
wherein, in use, the means for connecting, tethering and/or securing are

tised ta roughly, 25-approximately of sRarselyspesition and/orlagatedhe n any
apparatus, while the moving means are used to more exactly, precisely or

finely pbsttion Mot and/or BiieREatd tHdapFaaRse 89O RRPT1ses means

pdenwatarexcavatigrapparatisiasclaimecin agy @f elaims 8840 58paratus
wherein the at least one inlet is MCSUP 30 inclined at an angle to an axis

Bforfy WhARAShe at least one outlet is provided. 61. An underwater

excavation apparatus as claimed in any 5 of claims 38 to 60, wherein the
underwater excavation apparatus further comprises an agitﬁtor degice la;
151(7;1\'/ingﬁﬂe&ﬁﬁ}l‘ﬁéﬁ'lad‘i&ﬁrb%ﬁ%%vr%éﬁg aﬁ%3%$§ oW distufbaiedhedfs.c-2m™
10,62wAB twterwater excavationfapparainsastclaimed treamye of elgimsand/or
38 to 61, wherein the undervgatq_r excgvagir?g a %ratu,ghiél use IS bein
%ﬁgﬁgﬁdﬁé}olecf?g‘r%ralssﬁ?acg vessel or mountab upona s{edsf dl% 637 An g
cadehiater Excavation appasatusicbmprisimg ableasedme mesnsdording from
mloevin tshseegLr]derwater excavation apparatus, the at least one moving

means being provided on or adjacent to the underwater excavation

apparatus, wherein the at least one moving means comprises a nozzle

apd vajve 20 anangement andwherein the updenuater excayalign in claim
apparatus comprises means for providinga flow of underwater fluid
tomprisiag @ifollolvedody, hagmgtat st G inlePBnd bs feasbénelGaret, one

ﬁglhl?_ést ane paip of further impellers rotatably moyated coaxially g thentially
oliow

symmetrically disposed on the apparatus, such as on an
uppermost surface thereof at or adjacent opposing ends

thereof.

59. An underwater excavation apparatus as claimed in any
of c¢laims 56 to 58, wherein, in wuse, the means for
connecting, tethering and/or securing are used to roughly,
approximately or coarsely position and/or locate the
apparatus, while the moving means are used to more exactly,
precisely or finely position, locate and/or orientate the

apparatus.

60. An underwater excavation apparatus as claimed in any

of claims 38 to 59, wherein the at least one inlet 1is
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25 body and means for driving the further impellers, wherein the driving
means cause the further impellers to be driven in contrary rotating
directions, in use. 64. An underwater excavation apparatus as claimed in MCSLLP
claim 30 63, wherein there are provided at least one pair of opposing

nozzles and associated valves to provide for 31 rotational movementin

either direction around a substantially vertically extending axis. 65. An
ielehnater excavatichapSaratus a8 cfaffhed # Sidthehofdlaitsse3eor least

Hfe Whereinithere aregroyided two pairs of nozzles at either end of the
apparatus, control of the valves providing that, in use, the apparatus can

be caused to rotate and/or move, fore and aft, and/or from side to side. 10
61. An underwater excavation apparatus as claimed in any

of claims 38 to 60, wherein the underwater excavation
apparatus further comprises an agitator device having
mechanical disturbance means and fluid flow disturbance

means.

62. An underwater excavation apparatus as claimed in any
of claims 38 to 61, wherein the underwater excavation
apparatus, in use, 1is suspendable from a surface vessel or

mountable upon a sled.

63. An underwater excavation apparatus comprising at least
one means for moving the underwater excavation apparatus,
the at least one moving means being provided on or adjacent
to the underwater excavation apparatus, wherein the at
least one moving means comprises a nozzle and valve
arrangement, and wherein the underwater excavation
apparatus comprises means for ©providing a flow of
underwater fluid comprising a hollow body, having at least
one 1inlet and at least one outlet, at least one pair of
further impellers rotatably mounted coaxially in the hollow
body and means for driving the further impellers, wherein
the driving means cause the further impellers to be driven

in contrary rotating directions, in use.

64. An underwater excavation apparatus as claimed in claim
63, wherein there are provided at least one pair of

opposing nozzles and assoclated wvalves to provide for
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rotational movement in either direction around a

substantially vertically extending axis.

65. An underwater excavation apparatus as claimed in
either of claims 63 or 64, wherein there are provided two
pairs of nozzles at either end of the apparatus, control of
the valves providing that, in use, the apparatus can be
caused to rotate and/or move, fore and aft, and/or from

side to side.



