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UNDERWATER EXCAVATI ON APPARATUS FI ELD OF | NVENTI ON
This invention relates to an i nproved excavation
wa@ppavedes, and in particular, to an inproved PCT/GB2007/004502
underwat er excavati on apparatus. The invention al so

relates to a nethod of using such an excavation
apparatus. The invention also relates to an inproved

subsea nass f t r ted met hod
et udi ng. miNBERNATER EREASHERLABPARARNS o7 ne
system e.g. above a cable, pipeline or structure
which is typically sitting on the sea bed. BACKGROUND
TO I NVENTI ON Under wat er excavati on apparatus are
FRIGOMOF WreEMRP0i2 86, al so by the present Inventors
conpri ses an underwater excavation apparatus
conpris? ngiweidlicev BedyptRavi hg adn| egmravgs | skepyation
ea 0 | east e paj
s b arab b ro B | neene ol PBKOBSA, ungsgvater
exrgavest far apparatgud he | Mped | éngenwheneian sbher«tatdeasto a
tv%ﬁénl ts are suhstanti al I‘y symetrically di sposed
MR P A SKS B et iyt Eh T He aéfpar%'{S one outl et.
Thergid, iprheherdl Yaltbe ©Hiatdy %an§ncaiur§e1&t@d subsea
inpellers to be driven in contra-rotating directions,
nEFRl BheWobXrh¥atApal Isersens Hrbviebatof t hehhode it lukddng
' t n r. of j [ Vi i.t hi.n
me i hEePoP TRR Rl A RTESORERS LT RARY) Lfedhi Nl
alexcavat icaiblsy steime oiper ade by rdictectl nghich eisotybighlly
vol unme fluid under | ow pressure at the sea bed to
Sifi SR S bR RSrial . The excavator is tethered
froma vessel by neans of a crane wire, which is used

to lower and retrieve the
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 wunder low
pressure at the sea bed to displace sea bed material.
The excavator 1is tethered from a vessel by means of a
crane wire, which is used to lower and retrieve the

excavator, and to maintain a given distance from the sea
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excavator, and to nmaintain a given distance fromthe
seabed or structure requiring excavation, such as a
W@ ms®m6s360 | or gas pipeline. In order to contrptT/GB2007/004502
excavation, sonar detection,nmeans are used to all ow
the excavator operator to view the excavation in rea
time. Caneras and netal detection neans can al so be

bé@egrt%tQ%%E%&etW%dﬁ%?fﬂ exgyééygoﬁhesﬁéﬁa%ﬂ§lgnsﬁgsea

a pipeline or cable e excavator 1s typicall
orbq@nrq&ﬁtmupeﬂi@@/théndoréerlbn obnthelptpeleneavahnSn,

S ac ved . nmovi ng the vess al ong.t he el
Scff%aﬁggfaﬁscg)}ﬁﬁm%e?)% |ta|rc?n|\ﬁ@e%D|5) 9}?3‘@ \f@%‘is) Iexc"’“"ator
opéid ot heo DR ieper ehdr ekeh@heneas itrheréé)lﬂart inf¥Bges Cameras

relayed to surface. In order to followthe line, and
ang R t ARt eXEAGALt MBATEr 688s 2150t hes wsadntf apSEhat the
ofd¥niG@f rect orientation of the excavator is maintained

to ensure the sonar is correctly positioned above the

li neQuFmreserhearexcavai s@s biigger diipedsing aot |dalglss the

attached to the .ex vator nt and j ust. .
BB | o, R et haFS. Al Eht j@irection
ofdi Bt pePeMayel. €quUItits t he 5 8kehio dyakeowi mgagdh8gvessel

different fromthe direction of the line to be
Anavetedipekity | ESEREeel? ngY )2l ¢f PRELE 1PBIREepPPhe oL
et (ELeO! | GH1Ald OBngl diCoXFAVAL 0L ARG LR SONA dUfiar

{o the difference in ship's headi ng and pi peline
imhg&mtte&ayé@ subseafexeavatlirommapparat usSoUsomgthe line,

ingle i US 5, 607, 289 tive_t
3} o U BY FHE (AR SRRl I ‘exiavat! BRCABpARA: 82t

thSé Gkt Nothentat esn bf tBe aBx8kr€ebrofi sahaligasatnedeto
enbodi nent of at | east one aspect of the present
ensiient Fon EON3Eek St FUHAGHY drositt janpd #PeyYgatBeoddne-

pxg%é% 22 (b aforepgnLlonednpLobleE hnERe sRELRRed to

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 least mitigate one or more of the
aforementioned problems in the prior art.

It is a further object of at least one embodiment of
at least 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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It is a further object of at |east one enbodi nent of
at | east one aspect of the present invention to seek
WO 0008lovi3st e or at |east mitigate one or nore prPODIGBR®7/004502
in the prior art .SUWARY (% I NVENTI ON One or nore
objects of the present invention are achieved by the
general solution of providing an underwater excavation

sBRaAt LSRR NY @ means for noving the apparatus
——ﬂﬁtrco'rﬁn'g—t-ra—fl‘irst aspect of the present invention

t herand s opr awoxked ol ecnader wAt etheexpagadhon iapparatars are
onprising at |east one ans for .noving the .

A IHIBHTR obY ox EAiFat | BH-SPbhr aPASUCERB all cRTOWIRing  an

urlRHRGE dPRaBScBORBEoR O¥bEieeh s Olc RGNy t & thins for

underwat er excavati on apparatus . The at- [ east one
MGFOMVIh - e aRP Rt Wonpri se neans for orienting,

posi écﬂ%%%%’ripé?%:ggfég'QSpégt ugg ég)gfgggt%g%:%be%?on

substa ve axi s and/ or a
tHwore zad alpraxiisied eountedeetvang o easichve ttionquepparatus

and/ or. steeri t he apparatus . The/each novi
CQRRF HT 1% br JFEGH 1UF aBRFRS elfSRt BV Hhi MEendRESIRtET

e HeSi 1S HOSAEdQN Ortiedt at i 82 8E Lhe ABPahat HeandhBeing
movi ng means may be capabl e of noving the apparatus :
PHQFiRed @vd/ oF badkaarat tecord & dedaiedett o SERGVAER ON

| de:. up and/or down; rotationally around a vertically
aéé&‘ endﬁﬂng axis in one and/ or another direction

r ot artebl yt ar eastd ahe | @agingneefns twyp pempemndecmkany for
hori zontal ly extendi ng axis . ,
orienting, pdOsitioning, rotating (e.g. in use arqund at
least one substantially vertical axis and/or at -least one
horizohtal axis), counteracting reactive tdrque and/or
steering the apparatus.

The/each moving means may allow for required
achievement and maintenance of | é deéired
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 pair of moving means, which - may be
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(axes) in one and/or another direction. The noving
means nmay cause, in use, one or nore jets of fluid,

we2@s/0636¢ he underwater fluid. The npving meanBCT&P$2007/004502
conprise a plurality of nmovipng neans . In one
arrangenent the noving nmeans nmay conprise at |east one
pai r of noving neans, which may besubstantially

s&%@ﬁ&ﬁiiéﬁd*ﬁlé%ﬁﬁ@%%%@a@ﬁyordﬁgtéééﬁtchP bhe adjacent to
apparatus, for exanple, a first pair of nobving neans

tf#myabléaua*ép@seﬁoat eenafr@dpac@ntf iarstuppetr saff a.loemg means

paLratys and/ ar aqiacent ends of
ma‘gpar atddsSpor—sur h# Ocl;r aa Yéhat i Vel yppgrsescuorng D pai ?fofthe

apvi agu $re ansd fray betdl sposekaat Gdpsfatenteh@®s of the

respectlve posi ng faces_of the apparatus. The nDV|ng
ARAATS ép 6%ﬁ%btéﬁ?c%%ﬁ%€?éb?¥efb t Re BRAALPRRT ©f

a&@§nsemgy Ba QQBpsgéaoatnsénadggggneSt@r%%@%@%tlve
or arms. The Applicant has terned the/each noving

opmsnasf@c% hefistke " appThateach Hbei mgvmeanslenay may be

[ ne er/pro IIer/b ade e.
&9 tg 4%#nne%%%bf@ t?héghé LR o nép %tus, e.g.

MOUNT 1 On. each nDV|ng “fea
bﬁ&f@)ﬁﬂlé@tﬂ)xb&d@faﬂf@Vé;tﬁ@l ad raughetpassagerme. g. a
hol | ow cyl i ndrical _ body. The/each respective inpeller
may bee nBBRt&E2RR tRE F@ﬁi@@t i ce;ﬂci}hdf‘q’\é]a?g bBayf ofS 2
nfot@dd Opn around a | ongi tudi nal axis of the through
passage. The apparatus may conprise neans for driving
t he/ Baehedaipelnarindrhelegash ueyvi Agnpeans naly cemst sene

Qe th ) oAbl gl L o gang, T et
r eSpeEd J ¢fch npekliay ineagist ety deosptries e&f 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 in 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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rotation. Alternatively (and advantageously) the
driving neans may be adapted to drive the respective
WO aslobass0 i N a single direction of rotation. |PC/EB2007/004502
the inpellers of a pair of poving neans may be caused
to rotate in different directions so as to cause the
apparatus to rotate around a substantially vertically

cigxt ey std Npse. the Lmeligrs. of A Ral nié)‘}f, e.q.

novi Ng neans nmay be caused to rotate i n the sa
fativaecdi draciovasd tar causstdes apparatarsotttemve in a

selected direction, e.qg. forward, backward or to aone
T uehie el P e M ianbon oK caBSE RS Dom AR qand
vaoze | erodrehardve, arrangement . For exanple, there may

be provided at |east one pajr of opposing nozzles and
ass ot at TR} S estRYTHr BIY deef Brovefadi shal cASverBAt Pair

ot NoBbbBehg dhEeeh Lan aound & ;sybst aptyald ytaegyb%hgy for
extending axis. In an advant ageous arrangenent there
refrat provl dedotvwoepdl r sinf rozZlees atlieethépnendawofundie a
s qﬁgagr%% US Sui tacbice nt roIe of. t he val ves provides
PRAT T H VEhe! Ghpaf At A D tHUsed to rotate
and/of rRYeadteneagsdusf tarmiitfederfy Ofheirde de Sipd@vided
The apparatus may conprise neans for_connecting or
tyet Moty ahd/RZ5Rr Prg thehepp&iist ustt Fhe veeparatus.

sUNCPRANSA G o £ O(F'f] eChéNga1{EL hSS’:BO?de andfor , SRULIRY the

may conprise at | east one eye, thel/each eye being
appgabt es ofanebel dauped cabl eothire agrd /cet heevext éadengnd
he at | east one eye may conprise at

st R i o T Ay e pa

S ne p 0 ?/ets, Sthieh pair of eyes nmay be
substigat bpph¥atus 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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symetrically di sposed on the apparatus, e.g. on an

upper nost surface thereof at or adjacent opposing ends
wo b@soef360 | n use, the means for connecting, tRCTEBRIVY/004502

and/ or securing may be used.to roughly, approximtely

or "coarsely" position and/or |ocate the apparatus,

(e.g. by novenent of the vessel and/or operation of

ynanj itionipg of e vessel)_ ., while t

O‘In’{)i\eﬁtg'g ﬁg}a%é@]%i%e %ged?tegtsﬁor é%:exac%?Iyl: erDerci %E‘ ?l%rers
réddtreddlyy’ pasgirtdesh, imocathe ahd/ldowor bedtyat entthepreferably

apparatus. In an advant ageous i nplenentation the

£ e&“%)fé’&ﬁ/éﬁ?%‘ﬂ% tlﬁ‘?%’?dﬁ 'ses a hol | ow

bodadartbageitdlpw brdy rhavheg airihaagt ithd ntLhs@ndhe
at | east oneoutlet, preferably at |east one pair of

ingeela s steogt et ivemuhle ot iy hedtawikddgizagtions,
Ppreferably further neans for driving the inpellers.
Advant ageously, the further driving neans cause the
I npetdeerstt debetdoneeninletcondy aby rioicdtimegl at an angle
directions, in use. The at |east one inlet may b .

£9 n@h n&Fig AhORfgl ¥RiERantiRi 2%l Sthi hé?ugtlet 18

pt&AdePne outlet is provided. Preferably there is

provi ded at |east one pair of inlets . Preferably the

at |Resfenntelpathest iif epsodidequisdt aheaal | pne pair of
Qﬂ;trically di sposed around an axis extending from
e outlet. In one enbodi nent the underwater

excaad fernlsippardieus anay leanpriseea pair off inlets are

hori zontally or at |east_partly horizontall d__.
SYR AR Kohtiini SATFRGEAFERLR sPHGPOS6G | SOTHE 0Tk I e is

e AA%H AP eOMSh Ve thei s disposed

In one embodiment the underwater excavation

i

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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vertically downwards substantially m dway between the
two inlets, in use. In this case, the excavation
wa@ppaieides may, therefore, be substantially " TPCEHGoBp@®A/004502
in profile. In an alternatiye enbodi ment the
underwat er excavati on apparatus may conprise a pair of
inlets communicating with a single outlet, the inlets

bei u i S iC I SPOS
o) S VIRL! ALY RTEL g ot LSROS ST RUEt R
imdilsplssed Verastc airley ddovinwaradsncsghst antial ly ni dway

betv;ﬁ_len the two inlets, ciin'#lze' In this case, the
excaviati 6 aéﬁﬁﬁ?&t u" ey et & ot e Sst SREPELSy 2
staforshap@dai ropicaf i +&taAdyant agerusty i nt HehoOutt &t Srar ehe

each spaced/inclined substantially 45 fromthe axis
SIEGANIPRYF r BFOVHESSUt WL At Uashsteepesi apdl |at Aupaust

pdi& Proyl d%@fw'kt meﬂ/xr%di @Mﬁa{@c‘bim' at S TBANS O ang
driving the/each inpeller (s) mayinc ude at | east onhe
adrlidddthgomotdrantdike bbr | easduonienglrmdting fbtdd faygm the

onprise a stator and,a yrotor, rotatabl mounted in fhe
s Ogtpof?‘aflﬁsist { o bEPﬁEEEFO\HeCFEV%]e%t ﬁ¥1§ rbatPEc the
stattban exdaust pRIdesd hee 1194 oprbei dgapravinded Wodh @hich

_rotor channel and at |east one channel for conducting
ithptgsee AW F riRk RE TR tdIvarmialt ato sk Fdifbegiotor .

bet r r staato F [
Y I e T
theet weenrt Hee sbabturdedd whehr et oscalll tdroughahotmember for

essential it .i hi | desirable that the rotor be
erﬁa@ﬁ“beé% W :lthsee%rL SIseal menber for engagenent

Wi t iprddresiator - s ekeralky, dhessgal mesped! B&Adre made

menber is/are made froma material selected fromthe

frgmpup doHsE B3 hg S6f epTtast | E50Tattde aproup consisting of
pﬂggﬁﬁgénﬂﬁgéggi qh°”%@l@%%%&1e%%§@%%tone, 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 is provided with two rod
recesses which are disposed opposite one 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 respective 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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al l oys and stainless steel. Advantageously, the rod is
made froma nmaterial selected fromthe group
wa@osioeizsing of plastics material, polyethyl et hpeREeBoWE/004502
metal, copper alloys and stglnless steel . Preferably,
t he stator is provided with"two rod recesses which are
di sposed opposite one another, and two exhaust ports

OM@'EﬁaﬂﬁgldLﬁﬁgsggneﬁge§g%dr&ﬂﬁ% ofbﬁfd %@%ﬂloé%éh§otor

recesse ing provi a respective ro
chatozl havi iy tn@mbealbeMmaamzﬂmedrsposedumbpobetet@m@r,

anot her. The dril.lin ma dvant eou
PR S Eor e PRI SO OPS AT dhdod s nEheh in use,
foespestsyel r]@étﬂﬁéezcou"rr@cgt%:télew&]eiheeaﬁ&dmt or

conprising a stator and a_rotor rotatably nmounted in

t he Breforablhe dtha ofrBeilAgoprBoLasa wiidh £awected in

pac%ﬁfél angh an.exhapst BPEtq Lgemeeg% kel.7g B@owo%%@cted

a rod recess and an ex aust port, the rotor being
iprevides W tdesired or channel and at | eastone channe

for nductln tiv |d fron1th rot or_channel
SHERhAR | hEnpofel 1300 G cfrS T REEpgt so
tlﬁ@@ﬁsinb&ls&g poAY| @&dl\mltn@ andosk Wbkeehrebkn dige, of OfgiRise

a seal between the stator and the rotor. Preferablg,
wiHe &l | PHEEFOt orSheF e dBhnRcBEE LT ssr apepdiment ' each

dEQ1f nggrdﬂél'HWBn@ﬁgﬁﬁefguEgdb%ﬂénwﬁﬁﬁﬁgrénln the

series i eS|re Advant ageously, the drilling notors
f aret ardwaiigeichas o midtatrs | arase?0bneudr i bEi nghase orwith the

erates.out , of p the ot her
C?§%¥%¥?eaneﬁ88m%%ﬁwﬁlg%ﬁ-&ﬁﬁﬂ i Y %%torgﬁgli?rﬁy’ in an
efiBadbeE st and nt heycharbegschn H&qmm@t didtdd nghaBt Orf®HUT
are 90 out of phase with the chanbers in_the second
Clirmlperag ﬁbpop_agbﬁgﬁappy’tnq,gﬁgst 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 wotor 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 least 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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enbodi nent in which each drilling notor has four

chanbers, the chanbers in the first drilling notor
woruBdcpsef erably be 45 out of phase with the POEHGBK0S/004502

on the second drilling notog. This arrangenent hel ps

to ensure snooth power outplt and inhibits stalling.

Alternatively, the at least one drilling notor nay be

hy it y

adapied cradfPidter VB EL I PhoplrBLill RIY\ Sxrgper

corgamnssofaa ggatbbwrodebyceprauhgtnenhahlthé @pam&mb@nce

reactiv rgue.on a. drive body of the notor. Wen the
?ae%%ﬁ’\‘fg ‘{38?%3 £ %%nd%%teuﬁﬁrb‘?g%eoﬁ/n?s utilised, at

| easth@ngnbapehter BRYakateBANRGHRG At AMBHL PUh asaft be
of the notor, while at |east one other inpeller ma be

sw&r&%dfr@mmeS%f@?ebﬁaﬁseN o8r matnyefdyuppe a sled of
t}héfp% = ScH?i‘eH@l?f'}éﬂ%ﬂv Y £8,Paide Of yTOL QLS QP%&%BE{Q ion

osite directions n"such casé the nmotors an
opem&ﬂi@ms may be balanced and may be run at equal
speed € %Qggr cav t|on a garatus may further
conpri S H i %v?ﬂg Fe&HanNi comprise &
hé&li Bdwr B3¢ eh 8B aNg angaﬁkuw fihowrdi sowhaneatiBanNwith an
The underwat er excavati on paratus may, in use, be
ouykplendell fleemta e fREser v‘ég s éWP@Flﬁﬁﬁ ntr@é‘aﬁﬁéﬁya meuEg ed

18fthge Eﬁ@%ﬁngé ntEXdk% S&r%ylﬁ b%ﬁ@ i Pellers,

excavati on operations . era derwat e
th@parm&etsrnbexmgnnsubsaaﬂuﬂalﬂy'badymmﬁnmuthiypa@nS@bsed

i nl ets communi catin th n outlet, at ast one
A BPeRdp ) eft’é}ﬁpt%%ﬂ?‘ﬁ Jheel 1 hedifow Bae Hha the
iNEaRs 4pE ﬁétvhd?ﬁlE@ﬁtaPPf Ssed heo | Bhet sndehag.
substantially symetri cal I sposed
According to a second aspect of the present
invention there 1is 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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around an axis extending fromthe outlet, wherein the
inlets are not horizontally opposed to one another.
W@ e@snai3ng to a second aspect of the present |PUEGBR@N/004502
there is provided a nmethod pf underwater excavation
conprising: providing an excavati on appar at us
according to the first aspect of the present
i nvention; excavating a r ' t :
appar at us. BRI EF DESCR gel'}lwd%l\? %:%DII?I A%\?ﬁl%ég%’ggdia%&rg e
of the present inventiontaithe novedentdescretetohy way
of exapple only, and with reference_to the
F %B%pgﬁying dr awi ngs, m%icﬁﬂﬁ)% F'ge 1°h frdnt Second
cross-sectional view of @nhddshereXCawsd i Ommppas@iadStion
according to the prior art; Figure 2 a front
cross-sectional view of PRIEVNES excavaProhdppatat us the
according to the prior norbl O - to (c
- front, side and top vieaéf%ﬁeé?f$$§§hé§ %%inen§ éf
Fagreresvafabnt@ppe) at us atcortdi ngite tdred ptepentiews of a
invention; Figure 4 a front_yiew of .a second
enbodi nent of an excavat?%h ppar STSREES di ng ©b t he @7
present invention; Figurescdvd@joto bppakrent, Sid®rding
and top views of a third enbodi nent of an excavation
apparatus according to tHe pPreserRsemvelRyoRtiamd and

rE;QHL €66 a top view of a,fOULLY  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 371la and an outlet duct 373a, a drive
motor 310a and a pair of impellers 335a, 340a. _

The apparatus 300a 1is 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 along an axis common to the horizontally opposed
inlet ducts 37la and impellers 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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enbodi nent of an excavati on apparatus according to the
present invention. DETAILED DESCRI PTI ON OF DRAW NGS
WOReG08/06330@ to Figure 1 , there is shown a firsPCT/GB2007/004502
enbodi nent of an undervvater excavati on apparatus 300a
according to the prior art. ]'I'he appar atus 300a
conprises a hollow body 370a fornmed froma pair of

edogi éaagﬁl '3 APROSEE UL AUCLS Sitdanban QILE! oucer
duct |ve motor. 310a and & pai r |npe
h@sbag :mt)athé'hérapqsancamxs BOB=a. i s furt her provi ded

Wit deflectlon baf fl.es. 302a vvlthnthe hol | ow bod

3708 SHEpendsit Vi 5968 PBLARGDILS T aPparht 4402

vfeooalhqdbelﬁwéaerm fpam-a sukfacevessgbesgUinte output
vanes 386a, to regulate the flow of fluid past the

Shéh%ﬂ%@% 889a 1 MPEGA S TaRA SSafta yrofFa s 38B8aEEiveelkorgue
rﬁvgﬂist Sth ﬁs%a%%sﬁokp% ?ﬁ% H@ﬁgﬁn fdeﬂgggrlve

e i mpel l'ers |rst pr or art
mcebmav&l@a tbhefcchat\ee ot ar d:ir@a:tusnprqppo@ctealmgthat of

L] | et . duct
1 SoERIE nBRFbr o Hgbn SHRRS AT oorftt ERAFEE8aGH of e
rd e 76 0l 31Qael 8s§@<5hﬁk§sctle@>etheaf f 3u9k i npetter iggdalers

whil e the second inpeller 340a is attachedto a shaft
3Xma ¢HhAecetred C\ﬂnélgumdv@uws'ah% aﬁe%m*é? Ket3ragg in

d 3 | S
ool e (EHLECRROAE, OHBy RS GrdPAY Fod Ufial® flouxate
of wdten tauseshé hlaoiblltbwuboéhafst?0330awanér| ritpelwlnenns%ahe
to rotate, R tive torque fromthi.s rotation causes. .
ho e Butihodal g BRI he Sir AYERBEST $i0a 16 r GEATE SO
b HiE£CIH 9N ORpesyheche bhaleof ghbe guBpUtnshabva3d@athe
This in turn results in the rotation of the second

s¢apedd e40BA0a. The inpellers

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
mearns.

In an advantageous version the motor 310a comprises
a drilling motor, 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 motor
and a second motor, substantially the same as that

disclosed in EP 1 007 796 Bl.
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335a, 340a are configured such that, despite rotating
in opposite directions, they each provide an equa

w0 basioeizeo of water into the holl ow body 370a. R@EL/6B2007/004502
drawn into the hollom1body]_70a thus is directed via
the deflection baffles 302at hrough the outlet duct
373a and towards the sea bed 400a. The shaft 342a and

sW vels Jray I R ANk ti ' b
repl aced by a second w&%%%ﬁaﬂ?bh¥gfgggggi rl%%sgtﬁgcond
Piipel ket 3d0derwstdesoridrzmchtiidrh meperence t®ofbgurelike

._.The excagvation device 300a nmay he suspended, for
PAREIOPE, o PRES BEHS o (ePbr ot AT acs viskeBnegale
uddd oty hi GeMOOAPOPLr0f Af dedi Capgdrsthsedoonerat F98sre 1,

vessel . The excavati on appar at us 300a may further be
SXFRRG FBPIFRIP R afi that'R" datiher (Hwn sWon) havi ng
nec [ C ' b d [ 0

Ra capbpdigLusbanee Teanfe ANdeLL dild Obparatus 300a

di s neans . | n an advant ageous ver
imotloxt 3i0a ebapli Séaa athd Idwinglntakg suehraslébad by a

di sclosed in ,95/19488,  the cantent of which is, ,
S§ et pBPEted® ﬁf@% ARy 3 drEaRa RO R Q1 1| TRYS moiBr Ehis
erdddlai it COPRE | Sempellilbst MbEL, andasecopd Mtden by

substantially the same as that disclosed in EP 1 007
reREEl iRt BPEPR noWWR.G I 'dure AN ¢peremosisigowhlaid is

S J ' u r vatl 3 R
T L A T
conpieired 3A/ed to identify parts of the apparatus 300a

of Fi re 1 , except subscripted with "b" rather than
e RS g R R Lo B 68 T nEnaBL sl shBWR an
uraOd it hatxtheashaht 3dgarapds sW Yehed3ddayar @esignated

repl aced by a ,
300c, according to a first embodiment of the present

invention. The apparatus 300c 1is 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 405¢ 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 wuse,
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 1is 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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second notor 310 'b and a T-coupling 326b. Thus, in

this enbodi nent the inpellers 335b, 340b are driven by
WO e@pmcidsve notors 310b, 310 'b. In use, noti vECT/IGBR@?7/004502

is supplied to notors 310bq:plo "b via fluid inlet

308b and T - coupling 326b.""Referring to Figures 3 (a)

to 3 (c) , there is shown an underwater excavation

app 3 a Si : I t :

T r DR ¥ fa° L ers ey, PERURES 1A in
orappandf/os 0xther sdirkatibo tier apslnat aso800a ar least

3003 in many respect.s, .like parts bei denat ed. b .
OIS kd CRunkYal PEEREEH G T i xBYT L BN AALY ¢ i axis
(dxdm Higwree JrdBor drite-rappariatdes i330c i ncl udes a

sonar. head 400c. The apparatus 300c al so conprises at

| easth&yRAGRarOOBE fRPaR®vi AG5E heabhewswafer required

a%g%y AN app%gt us, rﬁeﬂ%taéd}alr?@e“ ONE£MDVI NY MBARSS; reg

el ng provided on or adjacent to the underwater
pexicavat f oni appariatu 300 dgmwtdseast one novi ng
nea 405¢c conprises neans for orientatin .
pOSi '%nW?ﬁﬁHQCW%ﬁq§mf?%§§f’ihnugﬁ?’a?%%n%fa?oFgagFts of
£00Rd Subsd andf alley wRIdhwedlexisuia@nd at | east one
substantially horizontal axis) , counteracting _
r eacki® e MO AFRHGT HOBS | KOHE SgFpacat B3Vgedéty of

i ne 40 [ ab f j
o et AR f oS s or badknar BEUrs e 1% Y
caniarido arehiser486de; sycland/s obrdowrteot adrmnaldy the
1@%%und a vertically extending axis in one and/or

ther direction rotatably around at | east one (or

two perpeigi aukanyehent Zemealdoy g anclimng 2566 Campslises

I n one and/or another direction.
a pair of moving 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 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 mounted 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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The/ each novi ng nmeans 405c allows for required
achi evenent and mai ntenance of a desired
w@eEs6330 or i ent ati on of the apparatus. The noORCTIGB2007/004502
neans causes, in use, one gr, nore jets of fluid, e.g.
of the underwater fluid. The noving neans 405c
conprises a plurality of noving neans 405c, connected

: [o]9) 400c j 4 -
et e R R TRe FPReCEHRATHS 8F angaraRi TRaYY
dmioxg ngnereafns 405C cshpwnses suphirief nowcmgliebhs from

405c, which ar bstantj al | trically di d
YRS adf dent 12 78 NETABHATST us A08COT TRENBAlRABF Can be

adEpHi ) PBARS 14R@5C 1 erdisResLde ati npk1aeiraceic afn UBREher
surface of the agparat us 300c, and at or near adjacent
digrRist o0 t e Bpbatk aPlis Abbernghévappar ands 23008 tRAPOHELY -

GPNpELsesa skt her i . f i Qaﬂg 4 a

e%ﬁ a 1rlesp(éctsl'l\bhg Si égg‘?of’:h%hg%\é}ﬁa a?ﬁs %O%%Tﬁé gagpted

tAppdrcant blas teespect ire¢ eathpableng Akans 405caassangle
"thruster" . The/each noving nmeans 405c conprises an

A TF Y 1 PF ot T et 9Bt ade 410c. Thel each noving nmeans

405cr 2l $9e COPRE | SRS BLOLEY4 AdECohayi peid blir edghing means
passage, e.g. a hollow cylindrical body. The/each
cgesheccpysednpd | Bptaapcins dpdhrreati it iedpet i 98 to
' I C 1 of . Lan d.a :
f e Aap e o 7P o he o B a2k ana e sypscancially
vapparal g S00enddsp aangpri ses neans for driving

ey cachLoelL otolool ShOMT)c. TS/ S3ER U1 Wdng means
4 ydr aghi gal k¥ u@eldv & ot toln stigngame SigRet8ion so as
control |l able from
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 or 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 used ~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 310c or "excavator"
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surface, e.g. via an unbilical. The driving nmeans can

be adapted to drive the respective inpeller 410c in
W@Rakm6s36 recti on of rotation. Alternatively (BPETGB2007/004502

advant ageouslye. g. due to sinplicity) the driving

means can be adapted to drive the respective inpeller

410c in a single direction of rotation. In use, the

+ompel 410c r snGapyhe d
T oL ArE | hoart T on: 4 Rt | B o aa 1! chngeTRas or
th@mﬁﬂ%ﬂ@st@ﬂ@nstéOEGtaaetambﬂddta>substaatcthyor The

verticall el |

di
CF U B F oeXten Ingﬁ%dﬁ% E&@E%E&ﬁaggyba e&y'gaP §F&ly

dtiwvéihe sooBell ¢£Ct r6PatOngsS WOrBaHSeat heudppakat ksusAng,
nove in a selected direction, e.g. forward, backward
WP Tl RS sPHEPEL L gROHES. 2Mife HppatatRusPBOvEmity to the

CGONPLE S€8LIBRARS fAE coRRe f&gepfeltehagﬂw %%@/dorkﬁut is

securing the apparatus 300c vesse I n use
l@%@nsffocleohnewuthgrdﬁﬂﬂuﬂmrqﬁ tamel/ prosetuerngfluid is

tvpical l i ses east . one
P ERE R e PR e Gl CHEA ST LYT neBRoF iRy perted
ut epHeNGdusaMd hendvesselthe HigaatadRgsteione eyaseag the
conprise at | east one pair of eyes, which pair of eyes
eRERVRLMSt KA iNAYS sy et irekt | harsE8Sed HnSuhEicient to

m&PREL £k US 53996 2€418n ON AN Ypperapst. guface Bhef %%fverse
at or adjacent opposing ends thereof The neans

orenaeitn ng,i teet hersvey sendbpersédoni ngt carhée ecﬂssecctmo: or
ny QUAILY: SORPIR Sy Bt RROLSLEI1BOSHL A SN O cne
oPosised BQr@@EEoﬁxa@hE&éct@thltEh@J Yy Sfipeliyd (and thus
choset) o e et & aQrASTIE & the apparatus 300¢.

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 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) using a single thruster or

(b) two thrusters acting in opposing
directions.
(2) Thereafter adjust 1lateral position using the

two thrusters'together.
Rather than manually fixing orientation, it 1is
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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In use, orientation can be achieved and mai ntai ned by
exerting thrust on the apparatus 310c or
WO eoosavsbor “froma jet, or jets, of fluid generer/e82dmy/004502
the noving or thrusting negns 405c attached to the
excavator. The thruster nmeans can be an electrically
or hydraulically driven propeller rotating within a
OEUQHkéﬁ|HEE%&Ehoﬂm§%59¥aEQ§ RIRA] | Bhet iRDHRE ddble or
close proximty to the tubul ar housing. An open
pipobatd er may be used but is less efficient. Wth
rotaf,i on of the_praqpelle f|UId |s noved t hrou the
houg%ng an%leregcf:tl\(/%glthrusctve %%P%%%n ?ﬁegme
ehus gy antb t d hersext aviatoar , vtelmmausvurtgl t hewer grade
excavator to nove. A single thruster is sufficient to
dYRATt Qi ROBEFERPARTon &0 -1 tPF slcafshl PRPSFRvEPsPP 11 or

g &t | OQhelrel. tHEVALRABe PPEIRE 1 Qt EH@ eheatithC 9f the
hydraulic motor will cause the propeller to rotate in

he

- pasiet oppod teawipesty orsedirecting the jet of fluid

and, t hus thrust |n the opposjte direct] Fo
effﬁ%?en “Hid i al % s%glﬁ%ortang~to %e howh a side
vidwi g£f Iwmm@t emgotimaht hefemavakoavbe%de appdiartus,

over the line, Lateral positioning_of the exc vator is
ItRRTRI 1Y aBRTETRACEY n%&%ﬁem agFotfangessel . tAGuePEEsent

i dh-ihe use of two thrusters the operator can control
the excavator's lateral position relative to the |ine,
To dti ewprakbpsushe Mserat bfenay from b uspPrPazehushalooc

SN a! 28RV oGBS e oUb R B cLiheboul o
tw@p@%ipwfadjdsectmoas .af@) athepedfiteonad) ushitatef amoving
méﬁfétigg'33%231£ge0538a53é?3é§rSst%%eEQ%51de 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. . 7

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 1is provided two moving means at
either end. One of the two 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
empbodiment of an excavation apparatus, generally
designated 300f, according to the present invention.

In this embodiment the/each moving means 405f

comprises a nozzle and valve arrangement. For example,

there can be provided at least one pair of opposing
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Rat her than manually fixing orientation, it is
preferable to derive a control signal fromcircuitry
WOwRak/06Bher ence to a conpass | ocated on the exPeW&BOWK0;7/004502
and thus automate azi nuthal, control and positioning of
the sonaror netal detection apparatus above the subsea
cable or pipeline . The use of the above arrangenent

n @@Sélb ¢ VQEQ!Sc!LQtQS %qd/efsr oﬁﬁs%%l S%%K;Pde for
ower grade dynam c positioning, e.dg. I, as
rgpposstht 0 DBvemeot great eritwieer e tiheenufber around a

i.ndi cat es the ality of the positioning equipnment
S%B§§ﬁ5§%§l%¥i %ﬁﬁﬁ#@YFﬁ rE 49 Fhdie is shown a
si dervi eW OddvasSeseds &€ MedidiRiineefc aphexeavatd OBrovided

apparatus, generally designated 300d, according to the
tvyst RS | AT eREREASSTHE Odppdr &304 ¢f eEBef peRREREUS

ar j i din i f [
SRS SUERIROE SORPERY. 02 D111 GEEY! ROUEANS chac,
iradgs¢ | orlad paparafuso¥d0f omanse4065usddf aci mgtate and/or

out ds, so.as_to provide. for side to side novenent
nRH o3 Hoh 15 A EX) 15 () i her e 15

shownma wbiifgemodinmiltf A8aLXCaVEli UhaPPREDE BSre be

general | y designated 300e, according to the Eresent
PEINEIRTG ORY The V; Tat BBr390e M TGS .r ofiiERe @ central

r 00h,..imn that_ap.: i td | . paj - j

D B R r Suish i BRI ATH EIORR 0P L En ol L FBL P Opume.,

putheired of euidnithe appeamdtfiod Ad30Qx herpelusapioyi dédoumdet
ég%ﬂn means at either end. One of the two at either

n ving a inpeller that rotates in one direction,

and ¢dier @ hegaofebhedivwpat ukba atdespend 0fd tEBose each
inmpel ler that rotates in
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 Bl. |

It mwmay be envisaged that the moving 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



a contrary direction. Referring nowto Figure 6 ,
there is shown a fourth enbodi nent of an excavation
wappaneides, generally designated 300F, accor di PQI/GB2G0MM04502
present invention. In this enbodi ment the/each moving
means 405f conprises a nozzl'e and val ve arrangenent.
For exanple, there can be provided at | east one pair
; apasH ngnoezzl 405%, :an sqci 45 tu
lﬁ#ﬁﬁ%de‘éor rot5§$bnaﬁﬁﬁ%VgW%itB%négﬁgﬁgﬁiﬁﬁﬁ%t?%n deep
wareatihd a substantially vertically extending axis. In
an vant ageous arrangenent. theye .are provided two .
pai 1S of - hbs91 88 FEOFLRE SSiirer drlF of  {he apparat B§ving
me¥d . Spi t ahke eartivols ofdidig okdd/ esedbSd i fedvd desay  be
that, in use, the apparatus 30O can be caused to
CORR R af® ofSnove, HRTEGthd faft , JBRAFEE fTIMSHe F 2
gl dier THEnHOK BG edfiuis! St FRARSAAOYE GRILIIENETgEe e
be provided by a vector thrust necﬁanlsnl wth a
ammEatals power source, such as a mxed flow or
centrifugal punp, punping fluid into a manifold with a
plurality of outlet nozzles . Control valves can be
used to open and cl ose each nozzle. In this enbodi nent
an opposing pair of controlled nozzles can replace a
reversi bl e propeller arrangenent. The punp and nozzle
arrangenent shown can be nounted on the top of the
excavator. It will be appreciated that the enbodi nents
of the present invention hereinbefore described are
gi ven by way of exanple only, and are not neant to be
limting to the scope of the invention in any way. For
exanpl e, al though the disclosed enbodi nents are
generally "T" shaped, other housing shapes may be
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envi saged. For exanple, "Y' shaped as disclosed in EP
1 007 796 Bl. It may be envi saged that the noving
wore@n®63bhr ust ers) may be provi ded on or nount BAT/GB2@7/004502
detachably attachably, to adfranme, which frane may be
det achably attachable to the excavator apparatus. This
may facilitate retro-fitting of thrusters to existing
cexpeyat or apparatus. The frame may also facilitate
—provision of a power pack, e.g. attached to surface by
an electrical unbi | i cal cable, the power pack powering

thellﬂpel e|:rs/tthr uster sava T;rg)lns nma be t%dvanta %(__)Lléslnl n at
"deep wat er 13 | 1S5S € app Sirdted t hal trhe s

lapst ouﬁqenmﬂee@smsabs oﬁotrhﬁgvam@uslrfdie&@aomd excavation
enbodi nents. may be conbined so as to provide, for
a@ﬁ%ﬁﬁ%ﬁspoﬁ??oﬁtcﬂe%?br%ﬁ?eFDH&HEeW@ﬁn%eﬁ?e%% provided

onh F&edam Hle OVEB e AfnddiS ARPRATAL S 2 G M daradils .

under wat er excavation apparatus conprising at | east
one mneans for nDV|ng t he underwat er excavati on

> app atus t he .at_| east ne novi n n n .
pr oijzlgde(}l1 éinerc‘)"r taedC acxcf"1V “Phe uﬁgg:rggv\g %r a%(cg:vlaatlm%l i

cBppar at us:he%elnArthmdet watestexery atdwingppasasusoaprise
claimed in claiml , wherein the at | east one nDV|n

m%%%%sf%ﬁnﬁFP§§tﬁ€§msFFE%thPéﬁﬁvn&OHﬁEﬁqqcwnﬁ@c , in

udOt atd NG, 1q SWEh 88askn Yse, AoMWKh@lal BAStvNBcal axis
substantially vertical axis and/or at |€ast one

amdfdzonadl deiest caunierb@rlm@n¢®hctﬁVéStor@@@né@Gﬁ@ﬁlng
steerln the app tus. nde t cavati on
r e R ONQ PR At Par on il R TURLEL  RTEY

wher ei n the/each novi ng neans all ows for reqU|red
achi evenment and mai ntenance of a desired . , .
3p03|%¢1nHQQQQ%ﬂQﬁﬁ'oﬁx§ﬁvﬁﬁé°§ppﬁPB?E§tus as claimed in

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 is 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 in

one and/or another direction.

5. An underwater excavation apparatus as claimed in any
preceding claim, wherein the. moving means causes, in use,
one or more jets of fluid, such as of the wunderwater

fluid.
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4 . An underwat er excavation apparatus as clained in
any preceding claim wherein the noving neans is
we apabseof noving the apparatus : forward andP@r/GB2007/004502
backward; to one side and/ to anot her side; up
and/ or down; rotationally around a vertically
extendi ng axis in one and/or another direction
rotatably around at | east one/two perpendi cul ar
hori zontal | y extendi ng axi s/ axes in one and/or anot her
6 di r e%t i wpdeBvatein emcleyaaien appavatisnaappirpamgd as any
claimed in.any preceding claim_wherein the noving.
St Ll St S R T TR ST
pRsrf i tnesfinaerivad efieddalj d. 6 . An under wat er
excavation apparatus as clainmed in anypreceding claim
wherein the noving neans conprise a plurality of
7 MOVi NgaARRANRerivat AN MRASTYRISE GXPAYVALLAN APPATAINSa in
as clainmed in any preceding clainm wherein the noving
amyaps ecedpnos e latinl, eadierena paier molv imgy imegnseapsprise at
whi ch are substantiall.y symmetrically dispose n_or.
%%ﬁ%;xﬁﬂet%ﬁ%ﬁeogpﬂﬁxﬁ%ﬁim%?gs¢m£%%%%rﬁﬁEeFU%S%an%lally
ExEREAtIceN 13ppaspodedasnCloai BEd aicent! @omthe, appereitnsa
first pair of noving neans are di sposed at or adjacent
an upper surface of the apparatus and/or at or near
g adj acent, epff.Qfaddie ARPAVALYSn UppaAAclRdeyatelimed in
excavation apparatus as clainmed ineither of clains 7
dri® , whewbemeanpaar/ §érehd pair off novavigihearsarg e are
i Spos t or _adj.acent to respective oppg@si fac
G Pt c G tad B e e (ag <BE¥atus
AR ralUS As neladi R siderdnendiseogdithg Gloplamatwizer ei n
t he novi ng neans are

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.

s . .
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 impeller/propeller/blade mounted for

rotation.

12. An underwater excavation apparatus as claimed in
claim 11, wherein the/each moving means comprise a body
having a through passage, such as a hollow cylindrical

body.
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connect ed/ connectabl e to the excavati on appar at us,
such as by connection nmeans such as brackets or arns.
wda 208As536mder wat er excavati on apparatus as cl aP@EABRIV7/004502
any preceding claim wherein the/each noving neans
conprises at |east one inpeller/propeller/blade
nmounted for rotation. 12 . An underwater excavation
apparatus as clainmed in claim11l, wherein the/each
novi ng neans conpri se a body having a through passage,
13uchhras mdwatwadecy ekpdvatabnbodypdBatudn amderlwdierd in

excavation apparatus,as clainmed in claim112, wherein
{31 el VRSERE; bhS(S3eR) ErSPechount SBPFhLERe 5 Mounted
i especti¥peeyl kadichaahdbedy1f Yodot @l ORc@aOUBE Around a

| ongi tudi nal axis of the through passage. 14 . An
lonierydterl e3eeby tf dheapgaratdls rsa%s ned in any of

claims 11 to 13 , wherein the apparatus conprises

means for driving the/each inpeller. 15 . An
landeaamvatmie exgavat e epparat agpasachai apdcilpiokdi im any

4, _wherejn theleach, _driving nmeans conprises an
O kA TTE ot by 0r Ry PAGFPLAI Py aRPraREdrs CoTRE1oR7 means
fMNOEF WL @) EeXEAVaEH Ofinpdpidat us as clained in either

of clains 14 or 15, wherein the/each driving neans is

adapted to selectably drive the respective inpeller in

lBe.i t %{ QJrftfe%a%rOf e&%ta@ta:tqgn 1ZP%§‘9aHEger tgtlrlaimed in

excavati on apparatus as cl ai nmed elther o alnms 14
claid514whewkenetihe tdrefeamh neansying adephed ¢onmirises an

the respective inpeller in a single direction of
ISR Rt YT A@V%é]rjv%al]g]ry ei%]a‘&’atr?%af’fl%‘ppar atus as
clainmed in any of clainms 11 to 17, wherein, in use,

the inpellers of a pair of noving nmeans are caused to
1¢ ot AR yndeTategnt excavation apparatus as claimed in

either of claims 14 or 15, wherein the/each driving means
is adapted to selectably drive the respective impeller in

either direction of rotation.

17. An underwater excavation apparatus as claimed in
either of claims 14 or 15, wherein the driving means 1is
adapted to drive the respective impeller in a single

direction of rotation.

18. An underwater excavation apparatus as claimed in any
of claims 11 to 17, 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.

19. An underwater excavation apparatus as claimed in any
of claims 11 to 18, 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 in a
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directions so as to cause the apparatus to rotate
around a substantially vertically extending axis. 19.
wa@\noogfaBsmat er excavati on apparatus as cl ai mredPCTGBRG07/004502
of claims 11 to 18, wherein,, in use, the inpellers of
a pair of noving neans are caused to rotate in the
sane direction so as to cause the apparatus to nove in
s ERELEL CAiSLECTLLONcupiCT, AscbphuRad. ORENMALA B L8 one
one side or another. 20. An underwafer excavation
supparatarotdsec] ai mned in any preceding claim wherein
t he/ each novi ng nmeans conpri ses a nozzle and val ve
arrangenent. 21. An underwater excavation apparatus as
2@] ai A duhdle €2t & 28xc gt o hPgaLatli€ REO¥IHeMedal in any
| east one pair of opposing nozzles and associ at ed .
PRRESRBNY ocg%w d¥hEFE1PottAle/Sfh MeHeht MEANS| CREPTrises
a Qhd£Ltd O RN & Subsianti@l |y vertically extending
axls. 22 . An underwater excavati on apparatus as
claimed in either of clains 20 or 21, wherein there
2gre rovind two pairs oftnozzles at _either end of Qpe.
ppdrat (EIFHRTH  SFPNE Ty e8PBPERFUF ng? T hat 2 41FS 17
cUsEm 14 WRPaE ahUSheal beeCpuseddé@ kot akg@sandher pair of
nove, fore and aft, and/or fromside to side. 23 ._An
ORPRIEFNEL SCZHICE abNEn aPTRF AR ayadVgiSmebllOi PERNLde for
rLECENN clalmoprerein they raly$CPABAI SeS-JBAMS a
or connecting or tethering and/or securing the
sappaaat sl 1 wenesszl ly 4dterhinmderiwmt er excavati on
apparatus as clainmed in claim23, wherein the neans
for connecting, tethering, and/or securing conprises
280 | BAStuRRe- et r t Releath ieye Bpbagatapabie aflaimed in

receiving a cable, Iine or tether extending fromthe
eifghegp|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, fore and aft, and/or

from side to side.

23. An underwater excavation apparatus as claimed in any
preceding claim, wherein the apparatus comprises means
for connecting or tethering and/or securing the apparatus

to a vessel.

24. An underwater excavation apparatus as claimed in
claim 23, wherein the means for connecting, tethering,
and/or securing comprises at least one eye, the/each eye
being capable of receiving a cable, 1line or tether

extending from the vessel.

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
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25. An underwater excavation apparatus as clainmed in
claim 24, wherein the at | east one eye conprises at
wo e@sesne pair of eyes, which pair of eyes arBCT/GB2007/004502

substantial |l ysymretrically qgsposed on the appar at us,

such as on an upper nost surface thereof at or adj acent

opposi ng ends thereof . 26. An underwater excavation

{ . A i n._an f clai 23 t :

(R B GEbIRGe E s B Seher i 0.
uppElsstseesurfagecathdreafSedtt cor oughhyenappmpdstaie! y¥nds

or coarsely position and/or |ocate the apparatus,
ERGHSRE t he noving neans can be used to nore exactly,

precisely or finely position, |ocate and/or orientate

t he apparatus. 27. An underwater excavation apparatus
2@s dmivedeivataly grexedt o chpbarawher@gnclifemed in any

nder. er ,excayatj.on us nprlses ol | Q

O%og:sl,a suschzgs ggho %o'ow%g% f%Ttglévi %% a é%éasttehg]oner:rlela\r{wsﬁset tor
cantt@atingastterherduy ebnddbrl eastushagpatdn ofbe used to

imellers rotatably mounted in the holl ow body ,and

TRUFther FRRIFBRC U VP hoCPRESFhePPELE10DganAAOT locate

twd&ﬁv%\@fﬂusex%\{ﬂé Ot APREY BhySmésns! ahARHel is€hakB more
27 erein the further driving nmeans cause the

exaéfdnrer orerimeldr i wan ifinednt r @opitdeat i ngodiatect pod/or
O}rbﬁgga.iéﬁéﬂ%ghﬁ Oquater excavati on apparatus as

clai me clainms 27 or 28, wherein the at
| east one inlet is inclined at an angle to an axis
al ong which the at | east one outlet is grov'ded.

cfa

30.
2;n SRR B2 5 aPHE R T Hppar P BE2 58S ch i fred PRdany any

pdcd AidB 2T1atR, 29, yideL £l n there isaPrevided akchedstion
one paitT of inlets.31. An underwater excavation
apppaatatsiscasprl s¢sred haldbwi oy, whatteias t hehatl lpwadbedy

h§5¥5 a%%‘ﬁeéggegﬁeaﬁ%let and at least one outlet, at

least one pair of impellers rotatably mounted in the

hollow body and further means for driving the impellers.

28. An underwater excavation apparatus as claimed in
claim 27, wherein the further driving means cause the
impellers to be driven in contrary rotating direction, in

use.

29. An underwater excavation apparatus as claimed in
either of claims 27 or 28, wherein the at least one inlet
is inclined at an angle to an axis along which the at

least one outlet is provided.

30. An underwater excavation apparatus as claimed in any
of claims 27 to 29, wherein there is provided at least

one pair of inlets.
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substantially symetrically di sposed around an axis
extending fromthe outlet. 32. An underwater
wWex@aweidson apparatus as clainmed in any of cl aP@BGBZ007/004502
31, wherein the underwater %xcavatlon appar at us
conprises a pair of horlzontally, or at |east partly
hori zontal |y, opposed inlets communicating with a

351 Ngl.e g;;HSe‘%%ust < g%‘cg%t Shng%%éPgéﬁgh “cCPa' ed  in -

downwar ets,
clanmseo $&eﬁ&nmndbemaﬁerleasavahanpampamﬂLﬁmkéts are

ai %i}_any of clains ﬁ? tg .31 m?freln th ,
e kb L o VAT E L BB bY at (4 SBBABR s h 2 2xis
et S OB Gl ic\- Mid h a single outlet, the inlets

bei ng substantially symetrically di sposed around an
axi s extending fromthe outlet, the outlet being

3%' sposgdl Vedd,Galde d@;‘é\@é{‘@é@foﬁuggbéﬁ_l%gﬁ' LY, 1 3Y&Yneq in

etween the two 1 nlets n use der wat er
arex cav at 1 @imappar abuslaswheaecimdthe ahderwd8erwesreivation

the outlets are each spaced/ |i ned su tantlal
R § it SO CREandi R TE ot | HEaGCrarl 5y o at 2ast
&W@EimﬁéﬁizSﬁgayayl06p§6§éﬁah9§f§§;Cé@m&@ﬁléﬁtﬁmy Qith a
claims 27 to 34, wherein at |least one inpeller (s) is

sinalé deelwl ehi n/ BEf acent lehchbrangt . d36poAgdunderkdcar 1y

oSGEPRY SR SOPEIELIR ok e SpRY L ) TaELetOun

userpel l er (s) includes at l[east one drilling notor. 37.
An underwat er excavati on apparatus as clained in claim
36, wherein the at |least one drilling notor conprises

38 Statah anhdwalar £Qtabablyn Magphedtiud the s1ateed in
the stator being provided with a rod recess and
any of claims 27 to 31, 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.

34. An underwater excavation apparatus as claimed in
claim 33, wherein the outlets are each spaced/inclined

substantially 45° from the axis extending from the outlet.

35. An underwater excavation apparatus as claimed in
any of claims 27 to 34, wherein at least one impeller(s)

is provided within/adjacent each inlet.

36. An underwater excavation apparatus as claimed in any
of claims 27 to 35, wherein the further means for driving
‘the/each impeller(s) includes at least one drilling

motor.
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an exhaust port, the rotor being provided with a rotor
channel and at |east one channel for conducting notive

wo kassaef3s@om t he rotor channel to a chanber bet MEERGBRIVE/ 004502

rotor and the stator, the r%d recess being provided
with a rod, which in use, fzorrrs a seal between the
stator and the rotor. 38. An underwater excavation
apparatus as clainmed in claim37, wherein the rotor is
provided with a seal or seal nenber for engagenent

3 t hAtheursietwat eR9 exdrvartderwabppaeatavatadnclaimed in

. I | ai med . | ai m 38, wh in.th I
PRI A S EELAD claim b, crel nthe, scal (e

cdnipamddie grevpreensingt i Ngrétopl asthespMyt &idudlted in the
pol yet hyl et hyl ket one, netal, pop(ger ~alloys and
StRATAM| eSRe sEeFOTAPS LAY Riderida®rvekiadatiqsh recess and

p | ai i y 1of : j 0 ]

R B By T PR b e Pudln 4 ggror

chidrerggr capdcatsi Seany ohepl asdanwsl miber ianducting motive
pol yethyl et hyl ket one, tal, copper alloys and

B radn el So88E litlifder SR ot EReRURF qiptween the

rafparaidistes statse( itheampOfr&daidBodimd OpAlvided with
wherein the stator is provided with two rod recesses

2 \PEh WrECKi 5PoYER  opPEEEt & difdlarkitigen aflge t Gpator and

£ HBX - ports which are di sposed opposite one anot her,
each of the rod recesses being provided with

arespective rod, the rotor having two seals which are

38di spgsed opposite one anotther. 42 . Ag under wat.er, .
excavat | W at uSXEE VAt d2PRABAVSE 2T ai e 188G 017

ctlim Whel eivhet-BendriHd | AgLBPt Qs GOFPRFiERs #WendiE |4éd0 or
nmotors arranged with their respective rotors connected

sqadgateiie e ey MTHITWHR ivsithy taest54¢1Crand a rot or
rotatably nmounted in the stator, the stator being

39. An underwater excavation apparatus as claimed in
claim 38, wherein 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.

40. An underwater excavation apparatus as claimed in any
of claims 37 to 39, wherein the rod is made from a
material selected from the group consisting of plastics
material, polyethylethylketone, metal, copper alloys and

stainless steel.

41. An underwater excavation apparatus as claimed in any
of claims 37 to 40, wherein the stator is provided with
two rod recesses which are disposed opposite one another,
and.ltwo exhaust ports which are disposed opposite one

another, each of the rod recesses being provided with a
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provided with a rod recess and an exhaust port, the
rotor being provided with a rod recess and an exhaust
W@oI0B/0633ke rot or being provided with a rotor cPerasko07/004502
and at | east one channel f%% conducting notive fluid
fromthe rotor channel to a chanber between the rotor
and the stator, the rod recess being provided with a

ré'scnfgec#ve(:h'ro'dr) u%ﬁe flpcgt!‘gsrah%%ln;e{:%en églfs St\ﬁlti%"h are
and the rotor. 43 . An underwater excavati on appar at us
digpadeal mabasited aima 4hoblear.ein the drilling notors
are connected in parallel . 44 . An underwater
excavation apparatus as clainmed in either of clains 42

405 4% wheseidrdhectidddd 1h BPESa@liE akrangede8dOin any
that, in use, one drilling notor operates out of phase
ofniekpime dfhép. 445, WRergideriig edr ekkivat Nekcappararises

i i ' reip. e driLLi 0L 0
oS T AR 8 10 BER: ) EL 08, PV OForors
camdddary mogethar ee8fhomiotair phaser wsihgt he sthanberand a
in the second drilling notor, or each drilling nmotor .,
TIRRE BRSO CRANBeFS IR (e CRANBEREon (HIF {FTatOr peing
priHddDgv it of B6@ AScOst Qhd phasexmbtiBrt perehasgher sotor
in the second drilling notor.46. An underwat er

besica\REOep ek Et 1B Bed crefeed fRdchBi AKBBUShNBPEFN the
r%fiybgfr af, kﬁ@sgar%%d%u 1109 rgétr%t_axzn enMRihfaUng at least

aulic”or electric noto under wat er
omexcauahheh dpparatnduasicyamedvien fhyidf foloai neh&®7rboor

46, erein the inpellers are driven_ by neans .of a
CHEHIxEBr by RPTeT t BEFSRCD: (e BRBOLI MO eHtt i g5atoT.
tHOTr 848 PBcAsHr b¥engodyoohi dele wiRlora A&, Amhudker vat aee,

excavation apparatus as clainmed in claimd47, wherein
foptien & ealedeatineen dritfues oy e idtorr Py i s

utilised, at least one inpeller is connected to

43. An underwater excavation apparatus as claimed in
claim 42, wherein the drilling motors -are connected in

parallel.

44. An underwater excavation apparatus as claimed in
either of claims 42 or 43, wherein the drilling motors
are arranged so that, in use, one drilling motor operates

out of phase with the other.

45. An underwater excavation apparatus as claimed in
claim 44, wherein each drilling motor has two chambers
and the chambers in the first drilling motor are 90° out
of phase with the chambers in the second drilling motor,
or each drilling motor has four chambers, and the
chambers in the first drilling motor are 45° out of phase

with the chambers in the second drilling motor.
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an out put shaft of said notor, while at |east one
other inpeller is connected to the notor body. 49. An
W neseEsb@er excavati on apparatus as cl ai ned i nPCT/&Br007/004502
47, wherein the inpellers af.e driven by a pair of
notors operating in opposite directions, said notors
and inpellers optionally being bal anced and runni ng at

4&9ualn SRERL PR e AN e EQ%‘S’?BW §éﬁ§¥§£{}8” PP dlaalilﬁﬁeés in

claimed 1 n any precedi ng alm ereln the underwater
clexicavati owhappdmat tulse f att Hemstonpne sdsiddiagi traiterr is a
devi ce havin chanig?l di st urbance neans and fluid
S ;

MR Wi & nEans SCB1EC AP Hder wat er excavat i on

apparatus as clainmed in any preceding claim wherein
t he underwat er excavation apparatus, in use, is '
4%usd¥hd%&¢%rW?%ﬁ¥a?%%@Y%E%OQe%EE@r%¥uﬁnaﬁtQEPémaﬁoﬁnaanY

oﬁlggaiﬁg_27AQxyng§fm@B§£efﬁcﬂﬁgtkﬁgfﬂﬂﬁﬂﬂﬁ1¥§ea§riven by

clainmed in any preceding claim. el n the underwater
neppar efustogprirbex aohoblyovetpdyi teiviay afpaihe obpposing
nlets comuni cating.wth . an. out at | east one pair

i nl
refe T e O e Gkt AR Tt G T T ow body mnd

means for driving the inpellers, the inlets being
substantially symetrically di sposed around an axis ,
4&xt i MR TSe GXCRERLIRRer 8PRATARURNI2E s TRt in

cﬂQflZ@ﬁ}a&ﬂ&r@?ﬁo§ﬁgnt9h8n§e§99508rt0r§§e'u n the motor

under wat er excavati on apparatus conprising a neans for
bodywi hg tlte ldjesr, atats. 18dst Aomet hagedfl amdes wapenected to

excavation.c rising: . providin ti
2 pPAr Bihs SREChT AingE T1% MG UOF - cPAMHS Pt of £2°6r OBF ahReT
1 RS6 1 BXE aVat & dign St s Oes e Mmad & bisdyng t he appar at us.

49, An underwater excavation apparatus as claimed in
claim 47, wherein the impellers are driven by a pair of
motors operating in opposite directions, said motors and
impellers optionally being balanced and running at equal

speed.

50. 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.

51. An underwater excavation apparatus as claimed in any
preceding claim, wherein the underwater excavation
apparatus, in use, 1s suspendable from a surface vessel

or mountable upon a sled.

52. An underwater excavation apparatus as claimed in any

preceding claim, wherein the underwater apparatus
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55 . An excavation apparatus as herei nbefore described

wth reference to the acconpanyi ng drawi ngs. 56. A
woreiokoes3ed under wat er excavati on as her ei nbef oP€I/GB2007/004502

described with reference tozgthe acconpanyi ng draw ngs.

comprises a hollow Dbody having a pair of inlets
communicating with an 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.

53. An underwater excavation apparatus comprising a

means for moving the apparatus.

54. A method of underwater excavation comprising:
providing an excavation apparatus according to any
of claims 1 to 52 or claim 53;

excavating an underwater area using the apparatus.

55. An excavation apparatus as hereinbefore described

with reference to the accompanying drawings.

56. A method of underwater excavation as hereinbefore

described with reference to the accompanying drawings.



