WO 01/ 32503 PCT/ NOOO/ 00359 Met hod and device for noving subsea rocks and
sedi nmen spy esent invention relates to a nethod of Jhaudsh escri bed
in the preapr%l’e of claim1. The invention further relates dti)o %%ew ce for-
perform ng such a nethod, as described by the preanble of claim3. 5

Background For work at subsea oil and gas installations or in connection

W th such i l.at i.ons enanc there is often a need to
nove rocks gﬁaﬁlﬁ Péﬁf’iﬁf&rﬁﬁ?vﬁ'f’g ﬁ“"f‘f‘?a'focgsp%ﬂ'heym BVers the body that is to
be repaired. Thepieeey 1mmldjﬂehtqsn@elmaﬂmpl of teddnddussriteg in @ paeachbidef | i ke. I n
a simlar arll edt tion with
new i nstal I‘é?’f"b]ns S YR 102 Bfetlao?oﬁt IE%YI%C ?o?gﬁ%%[ g %&g%%e@u?% fed drill
cuttings at desaritfedbyshe meanbbieof ¢lkin 3.Si ni | ar needs may al so occur in
connectionswith subsea work, such as at harbour 15 works or barrage or
quay struc? ures. Previously known technol ogy The nbst comon way to renove
sedi nents i nBadkgnauid on wi th subsea work, is to wutilize |large "fans”

arge and heat: SUAl LAl dh P g ihdlaifhriBhalt nqg&ﬁlrect&fﬁ%ﬂﬂﬂ&h HRtaBons20

speci al ly designed excavat ors. vantages are t require a |ot of
power and/ o¢-gondietenangs work; ghere istodign paged tp@lqvalrgécsgmpqa@ﬂ%tes@@ml thifave a
limted versgiiy Ldrs L 6o hﬂqg’ﬂab@é aiteB! TIRNRBY carPbe 4 B! Faiiiouihg al |
suited for &nglwat 1ésrs I\%S(pa t ent p 302. 043 %gscrel b}gg <151 redgeoude5| ghed
for subseé()oﬁ'é&hﬂl%s especial ly to renove or nove drill cuttings. The

dredge conpri gg% sﬁ‘mmt\ﬁﬂmt 1BayPaH iR aGRYd foFeRbek s'é&m%@ ific8ikdeBtion WillEn&@t Or i S
designed to run_the which inits turn ?row des a streamof water to

the ejector. mmiatanéewe & bRSRETr SpraEmP YAl 8T REBPHG AR YRR RGeS
cuttings or offieliké. ke are supposed to be transported The appar atus is
designed to rest.on the se bottpomand to r. ve ener romthe surface,
whil e the inl etmarhests PAL2lsQ pIcHE T Connectiop v g 5838’89%6%;?5%*‘% PP Wit h the
aid of a nenofks@eBirfagebegudyistucarddnarine, a so 30 called ROV. This
apparatus is not suited to nove sedinments with relatively |arge rocks,

mai nly because the pipeline has an effective |oss of dianmeter due to the
ejector’s del?'rg;liblahdcnqmsiet:imhgfurtherrmre it has geographically a very

limted work rﬁx qndst ggmrlnton I\Jv‘?ély c? rseln%ve sediments in connection with subsea work, is to

O™

utilize large “fans”, large and heavy suction devices with a high power consumption and
20 specially designed excavators. Disadvantages are that they require a lot of power and/ or
other resources, they require large surface vessels, have a limited versatility, are as good
as stationary, or they are not at all suited for deep waters. |
NO patent No. 302.043 describes a dredge designed for subsea operations, especially
to remove or move drill cuttings. The dredge comprises a motor, a pump device and an
25 ejector. The motor is designed to run the pump which in its turn provides a stream of
water to the ejector. The ejector is positioned in a tubing through which the cuttings or
the like are supposed to be transported. The apparatus is designed to rest on the sea
bottom and to receive energy from the surface, while the inlet end of the tubing is
intended to be moveable e.g. with the aid of a remote controlled mini submarine, a so
30 called ROV.
This apparatus is not suited to move sediments with relatively large rocks, mainly
because the pipeline has an effective loss of diameter due to the gjector’s design and

position. Furthermore it has geographically a very limited work range, as it is designed
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bbttom ewdbikikeygh the pipeline is supposed to be sonepBpioodisynabl e.
Japanese patent applications Nos. 043 25 799 A and 043 25 800 A descri bes

an ejector punp systemwhere the ejector is positioned mainly outside the
pi peline so that 5 the ejector does not £educe the effective dianeter of

the pipeline. Fromthe abstract t hese . ent applications it is not
possible to s&CHh elfF%Wtf?f"’ﬁYﬁnqu‘%F%ber%%}t gésesug‘?ss e"r(r)l’cs%J © sg?gw%“ﬁtended for.

Nei t her are t howeabdy i ndications of di mensions or power requirenents for

th t . 10 Qbj ti . | ' ' L ti t
brovi dea met hodPrare pa Edierdoes BrBayS 260 At PE 2R RbsciBEl | OF 1 ©
especi al | y i nefteeppunp eystem where thezjqotor is positianedohjinly toutsisle thapipelme ao thet hod

for transpordation, of, ] 0l | 'a?:ﬁ;jg 200
mm 15 It ig ?lfjercg%éog dgﬁsorglf?eéi@%étpgg%%%\% g‘?ngtﬁpg%iﬁgkk tlgise,_'. or F)hee% %ﬁraa?npé\&tg said
met hod, whi ch thesppatendtapplicationslitis bet poesibla ta see what Kindofitidizationp thebedysiymsn t he

vay that i1 SHAlhEnRe 67 NeilrBr arBiefe bl SUChGRE dithersidfs SRR gBifmddt | S

still further "an object to provi h an appar at us sy to
control, and fowthesssystams.not require | arge anounts of energy to be supplied
fromthe surface, but 20 which can utilize the standard power supply

avai l abl e on an ROV. The invention These and ot her objects are achieved

t hr ough t helGrédtjestivggcording to the invention, which is characterized by

the features deitiimﬂoﬁgae% ggggﬁe&nt ﬁ{v@ﬁt%rtfgromg%éﬁﬁﬂ_tfﬁr@ins QHatior 8f oBReeNt i ON

are disclosed by the clains related to claim 1. The above
nment i oned obj @af sediments uwlenwaich gergcially BYAFBP WRS™Sappar at us according toclaim

3, while prefer jg¢a garhadiBdctioProvidtn mBUEI ok GansBbrtatioN 4t FRkEM RN 1yl
dependent <clains related tog claim3. In the follow ng an exanpl e of an

appar at us accdPraimEndianeter of AR 2YGH™: s described in 30 further detail
with referemge Qs e mGbiaReR)pre\gdintappaigtus For Gerformingg AidsabReG Whichvi ew of a

preferred e nboa?)i)aqgtﬂg s]%fukﬁg]e vaepsgglre% ijtss usae?gsgéc?zilli;Qn %h% v&agethat 'itr]si{nglﬂh %g Qz’lsy to
move around down at the sea bottom.
It is still further an object to provide such an apparatus which is easy to control, and
which does not require large amounts of energy to be supplied from the surface, but
20 which can utilize the standard power supply available on an ROV.

The invention

These and other objects are achieved through the method according to the invention,

which is characterized by the features defined by claim 1. Preferred embodiments of the
-25 invention are disclosed by the dependent claims related to claim 1.

The above mentioned object are also achieved through the apparatus according
toclaim 3, while preferred embodiments of the invention are indicated by the dependent
claims related to claim 3.

In the following an example of an apparatus according to the invention is described in

30 further detail with reference to the accompanying drawing.
Fig. 1 is a schematic view of a preferred embodiment of an apparatus according to the

invention,
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renot e Coiggdlhegd submarine (ROV) | with a suspension pefRé6segsend a power
cord 3. The suspension nenber 2 and the power cord 3 both extend up to the
sea surface (not shown). The ROV 1 is al sg provided with a nunber of
propellers 4 to enable it. to nove, one of “which is shown in the drawing. 5
Arranged on the | J 7, The
tubing 5 may hg l}]o“{szrég#rg%e eX| 2‘@@8 %ﬁ}%l,%dg‘se])?nrﬁ%flf%{/f%wuhﬁl et 6
of the tubing suspeimorrmmabbr 2tapd apawer cofd 3 Thersugpehsioromedberi2znd dzrpover

controlled in b g sﬁ%: ounded
to mnimze | gg@%ﬂ?%‘{t&ﬂp fa@?@? P%ggs S gg{e%\y ggs %mllg&gg?df usk(EJ

al so to mni mamnﬂbgs@mmﬂtfﬁért@@}abbhéwmm;mp@wh&chmhpwnﬁh@eﬂmwlmgg 5 s
preferably designed with a substantially even cross section fromits inlet

toits outlet and w thout any sharp bends where |arge rocks m ght be
trapped. An ej edtranged onheRQY ljisa pbimgchwith andniet 6 and an quiet helhedwiing5 5 so

that 1t does moly ildiiiléatone!diRint QERIGE, plhitifif e Wlbadof uld iniBk R Afoa22 | €

11 provides a powerful water jet supplied froma 2 powered

by a hydraul i @ymwf alraamm%%? thatcap bpyeprinolled ipdepepdenthy pEthe lif@ edg’l t he

hydraulic m?nta@rofﬁ,%,ﬁleg@ish&hde&mmnuwlomgtﬁaqmﬁf TR 281 7Ys Haped 3G " MOLOr "
for the apparat us according to the invention. Close to the |nfet 6 of the

tubi ng a " bHk diffusenalsg to minimizs dase Ard thersby be BOWST reAWremBhite T8 BBING S9& ar r anged
t 0t bl ?w ck>ut r ?ﬁéf |d§ﬁgrﬁﬂ@v1ﬂx%ub@£rﬂﬁ]l@éveﬁ |cﬁﬂgﬁdt1&ﬂﬁ‘¢rﬁ'ﬁlinléé h'.satﬁst %ﬁﬂt mﬁgth:]

get stuck in n ma provide roug e
inlet 6 or thr H WMEF’H%“@C’E?I ye 1’05{551%}% l?entf%’l’ ‘the size of which is-

pr Ief erably adj UAh@jgl:ﬁr nézBle 11ti8tta0hedrntenally tcﬂma'tubﬁﬂglﬂ saghatthnaiosmumnah thﬁ
inlet point a educi tendency to St ' e sedi nme . The
appar at us accgli“b‘;’ %Femﬁlﬁgeﬂgﬁ ehy ?ﬁﬂ?z%% 1p?f°??§?ﬁ%1§f“’¥?§¢rﬂ gﬁrtlﬁﬂ'sé‘ﬂ&feiom

pl astic 2515IT¥fto&raﬁrhteV\plIdip 2 pevated byca hyaraylie meinbe:ent Thet bjettoofiozelati@fthe SO t hat
it is easy for

an ROV oned are
noveabl e on tﬁ"ea lgﬁﬂd ﬁ'ﬁé‘y%m\}\]gme%beﬁé “Bl qgmeémgﬂas?eé%og?'\?e power
t hrough t he R&hé‘sncsoﬂrfdahdagpamasampcphg/to%em'v’MOdr awi ng al so indicates a

col | ecti on of Ak Mo ol laP w502+l ARG HINEER P DLRUA e T ubi N’

5 by neans of t descri mechani exa
preferably be arranged to blow out rocks which are too large or clogged sediment that

20 might get stuck in the inlet. Further an opening 15 may be provided through the inlet 6
or through the tubing 5 close to the inlet, the size of which is preferably adjustable, for
the purpose of controlling the suction at the inlet point and reducing its tendency to get
stuck in fine sediments.

The apparatus according to the invention may be primarily manufactured from plastic

25 material with a specific weight close to that of water, so that it is easy for an ROV to
carry.

All the mentioned units are fixed or moveable on the ROV 1 and the power
consuming components all receive power through the ROV’s standard power supply 3.
The drawing also indicates a collection of rocks 14 in the process of being moved
30 through the tubing 5 by means of the described mechanism.

Calculation example
In the following calculation example it is presupposed that the apparatus is attached to
a ROV with an available 30 kW (hydraulic) effect. It is further presupposcd that the
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Power consumption ROV

30kW

Power from water pump

1S kW

20

25

Net effect used by the device

4kW

Example of practical embodiment

In a commission during the summer of 1999 1500 m® of rocks (d,,,, = 150 m) were

moved with an apparatus according to the present invention. The commission took

place in Tengsfjorden, at a pipeline for oil at a 540 m depth. An ROV of type Perry-XL

was used. 100 I/ min. of hydraulic oil at a pressure of 180 bar was available for running
the water pump, which corresponds to 29 kW. The tubing, made from PE-plastic, had a

total length of 10 m, and an internal diameter of 250 mm. Only a minimal wear could be

observed on the tubing, It was observed, however, that rocks from time to time got stuck

due to unintended unevenness in the tubing. The invention is unique in the sense that it

allows rocks to be moved with much lighter equipment than that previously available on

the market, and at depths where it has not been possible to conduct this kind of task. The

30 above-referred commission confirms that the invention is practically feasible.



WO 0132503 PCT/NO0O0O/00359 5 dains 1. Method for noving subsea rocks and
sedinments, also at significant depths, e.g. in connection wth renoval of
pr ot ecti vYOOIBRE3 oy ound subsea installations where naibAOMABS S o be
conducted, 5 characterized in that equipnent including a tubing with an

ej ector nozzle is arranged conpletely edernally in relation to the tubing
on a standard, _renote controlled subnmarine (ROV), which ejector nozzle is
connected to Q'”M“éferabl y hydraulic powered water punp, that said water

punp is run by mean&d ff mobingsitRegivckstan kaditents, Ao BQ¥gniS@nt ddpis, §.5ien €] ect or
nozzl e produces a 1ores ure gradi ent .thr%g%go s%i q) tub%ﬁg%{. and that an inlet
10 end of sai SPHEEHICRGIFATeg¥al PERFOIRFHYS 1P uge SOSEdP 181594992 noved with
the result thahintenandd is pMesondidtededi nents are sucked into the tubing at its
inlet end and bl own .ouf. its. out.let.end. 2. t hod according to ¢laim1,
15 characte i%”f‘ﬁ"f%f’q{'ﬂeequ"g{m ﬁ’(ﬁd’?ﬁamf?gt"ﬂl\@iaﬂﬁje’l"g’r W&df g"‘ﬂ‘fe ans
attach abl e t corhpletelyféiiérmnaBy inMizldionl tocthe mbihigiog atstanddrdiremdte coltedliadt eri zed in
that said equipnent | I nckpal e from.pl.asti terials with a 20
density clos es"{%gu?ﬂ%t%%ﬁ it yChO?eC%/%P‘gZ%g ‘ﬂ?onﬁg‘f}%ctg afpé?cfe%@ﬁl%mglb%@é"aﬂ?ﬂoc ks
and sedi nent swaienpimyg)itheg s#id wategpurip Samt bympdnk of the exergy supplyao tre®0O¥, 0w t h
renmoval of protectiv 0 | ' e mai nt enance
<"t o be. condfitt Bh eeat Riza s RRRE BrafBat ol bR T ol B0 P

t hr ough" whil@hendysf saidtitsngisdocsted iwithrrocks afd selimentstto hesoved with thetrdsult iat ai d of

an applied pressi g @Jgasgq%&m a;mzkeglaﬁo a{em%gsi@m&ieﬁ& dﬂ]ﬁwﬂ%ﬁ%ned

wWth an ejector nozz arranged conpletefy externally rnrelation to
the tubing (5putletengt the ej ector nozzle (11) receives water froma water
punmp (12, 13) connected therewith, and that the entire device is
supportable by an ROV (1) and that all 30 required energy is supplied

t hr ough t hat i-aM%hQﬁaoF?Fé%t‘é&‘B%b (3) to the surface with which the ROV

(R é|)o| ;i L 1BPeshrattedikdd i thatke ihiet bdd df tHeltdbihg ks Mibvaible By niea\REL i3S 10BREN
ROV.

3. Method according to claim 1,
characterized in that said equipment is principally made from plastic materials with a

20 density close to the density of water.

4. Device for moving subsea rocks and sediments, including at significant depths. e.g.
in connection with removal of protective rocks around subsea installations where
maintenance is to be conducted,

25 characterized in that it includes a tubing (5) through which the rocks and sediments
(14) is transported with the aid of an applied pressure gradient, that the pressure gradient
is maintained with an ejector nozzle (11) arranged completely externally in relation to
the tubing (5), that the gjector nozzle (11) receives water from a water pump (12, 13)
connected therewith, and that the entire device is supportable by an ROV (1) and that all

30 required energy is supplied through that cable or those cables (3) to the surface with
which the ROV (1) is equipped.
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accordi ngwPppha@s M 4, characterized in that an inlet noggtinBbgfesse( 6) of the
tubing (5) 1s arranged with a rounded edge (10) in order to reduce inlet

|l oss. 5 6. Device according to claim4, characterized in that the tubing
(5) conprises an outlet end (7) shaped as“a diffusor in order to reduce

outl et | oss. . ' [ dj to claim4, 10 characterized in that the
3 PR Aol i

Cross-section _ I's substantially even fromthe inlet noth
pi ece (6) to tharactetized inghat fnihletmauth pixce (6 nfithe trbing(6) s abanggd mathe

sufficiently rA‘@ﬁ&%ed\%?@O% &ﬁeﬁﬁ%ﬁfﬁﬂﬁ fsd 0 avoid rocks fromgetting stuck

I n the tubing. e’accor alm4, 15 characterized in that the
inlet mouth piece (6) is provided with a backflush nozzle for flushing out

rocks that tsegg 6&&%&0’?&1}#%&1&“‘6 nout h piece, or to | oosen clogged
9. n

sedi nment . Vi ce accor to ¢laim4, 20 characterized in that

downst r eam andhaagterizedbint that the fubing(6) gompgisescaa oyt ead (A 5haped pea diffusyr in
preferably w Bﬁe@@ﬁ&%c@%ﬁ’et |\¢e, is arranged, through which sone water will
flow, thereby controlling the suction force in the nouth piece and
reducing its tendency to get stuck in fine sedinents. 25 10. Device

according to gl ahdPidk actdl@inged Qhinggd i N that the device is substantially
made fromplastic materialS with a density close to the density of water,

so that it ¥agharasterigedsin thatths crosysasiionof thesybing {$);is substaptiallysyerndfsyn tepl aced
111111111 113Aiddnddih pikdd @6} do thk outlet end (7) and that bends on the tubing have sufficiently

large radius or small angle to avoid rocks from getting stuck in the tubing.

8. Device according to claim 4,
15 characterized in that the inlet mouth piece (6) is provided with a backflush nozzle for
flushing out rocks that tend to get stuck in the mouth piece, or to loosen clogged

sediment.

9. Device according to claim 4,

20 characterized in that downstream and close to the inlet mouth piece (6) an aperture
(15), preferably with adjustable size, is arranged, through which some water will flow,
thereby controlling the suction force in the mouth piece and reducing its tendency to get

stuck in fine sediments.

25 10. Device according to claim 4,
characterized in that the device is substantially made from plastic materials with a

density close to the density of water, so that it may easily be supported by an ROV.
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