1 *159159* Met hod and device for noving subsea rocks and sedinents . The
present invention relates to a nethod of the kind descri@

t . . in the preanble
of -claiml. The invention further relates to a device 11 IEI mwmm g such
a nethod, as described by the preanble of claim3. 5 B r work

at subsea_ oil and gas installations or ip connection with stshse
install ations, e.~. maintenance work, there is often a need to nove rocks

and particUl@hfd ydeaé\ e {oP Aavill5hBsta GOME M RGIRAAY that 1S to be

repai r ed. can be a pipéeline, valve housing 10 and the like. In a
sim | Ftlr way iTthe pegsedtringamtian nelatds toc mettrod ef the dindedeseritied ic depeeantdeofi t h new
installations o e. sea. bottom or for .renoval of accunul at rill
cuttings at® f)‘fThp f t{;'%we atfontftﬂgﬁ‘fri rﬁlé{es SR f\éég%fgorl%rﬁtg A°sé n&%@%ﬁ a% n
connecti on WstibUseapwambic Fetdimas at harbour 15 works or barrage or
quay structures. Previously known technol ogy The nbost conmon way to renove
sedi ments’in connection with subsea work, is to wutilize | arge "fans",

| ar ge and hggé%rgwi on devices with a high power consunption and 20
speci al |y designed excavators. Disadvantages are that they require a | ot of
loower and or For herk plegbspredsindigaginsiedeafions O Ibggacdippfgtiesugh el @lioaye a
imted versgtili e, S. i i Il
suited for deap st tEdRaondE RsBs B Hokgind iR iRt e
for subsea ppgyadvnde bedpdri altb Yo rapaireds Mive body canheer mipélirle. valve hougsie The
dr edge c?{;rp,riﬁ[ﬁg ﬁ notor, a punp device and an 25 ejector. The notor is
desi gned 't o™t C{ik& punp which its turn provides a stream of water to the
ej ect ﬁr. I _TEe [RjaGhiddr W/ igﬁﬁ&hgmﬁheﬂmo gertaifeisagintehisongénnshiiehwitheeeut t i ngs
or the like are supposed to be transported. The a ratus.i s designed to
Pest on t heSEHaHEERAN SHIORET BT TETHE Gy R AE SUR SR & PRITTS t he
inlet end of; gkt ubing is intended to be noveable e.g. with the aid of a
renote controlled mni submarine, a so 33U called ROV. It is apparatus is
not suited tcSimbenesdsinmsmtse offurHn FRIMEETQ IV pulisgeWPHic REh avaf htpoUibecause

and posi'ti on Ry BB By Bl o aphi cal 1y a very |1 m ted vork range,
as it is designed (00002
Previously known technology
The most common way to remove sediments in connection with subsea work. is to
utilize large “fans™, large and heavy suction devices with a high power consumption and
20 specially designed excavators. Disadvantages are that they requife 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 ejector’s design and

position. Furthermore it has geographically a very limited work range, as it 1s designed
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2 to rest at the sea bottom even though the pipeline is supposed to be
sonewhat noveabl e. Japanese patent applications Nos. 043 25 799 A and 043
25 800 A describes an ejector punp systemwhere the ejector is positioned
mai nly outside the pipeline so that 5 the ejector does not reduce the
effective diameter of the pipeline. Fro&%the abstract of these patent
applications it is not possible to see at kind of utilizations these

syst ens are inte td di mensi ons
or power requf¥ é‘n‘gﬁf%a bo(f?tg%“ £ eense h% Pré)}éﬁ‘ieols&l%/pos%m@g% erl|§§9an obj ect of
thg presenhngnmsmtlon to provide a method for transportatlon of rocks and
sedi nents under water ecial |y articul ar object
to provide altRIPRGPHBHH aﬁpﬁ’éﬁ%%rl\t 5 7656?99\/\% é%\i #%8(?{3‘)515&%“ Mraxi mu J

di aneter ofqjaR@PundPY M whdre ke dj&tdrus bbgliorrd nelhi@Cltside thd Pipeide: @nhat
apparatus_for performng said method, which apparatus should be versatile

in its use,thegiseler dpdsyof r?dtlﬁ‘?ethwﬁﬁfe‘%thétd‘4“@‘@%&}]“’&‘5@‘”éag\yor{‘ e et 8f ound
down at the 55%??(1&91{ L cat kdnsliSis %Ef ;}Assﬁoth Q@erw@rﬂ l\% G LRI Mese ey sspgh an

appar at us s € to control, and which does not require |arge
anount of emengoyndm f(hre I‘éﬁnt[bptl arethcre om indigatians of dEnenBigns OXR{VEdi FRBFCIENlS| ze
t he standaréi pQuer s Tpspl e available on an ROB'. The invention These and
ot her objec PSP iCh eved t hrough t he net hod accor di ng to the invention,
which is characterlzed by the features defined by claim1l1l. Preferred
enbodi nents _of the 2~ invention are disclosed by the dependent clains
rel ated 19 PPHCHY® The above nentioned obj ect are al so achi eved through

the apparat ug; @GGRLRLNES thé PreSdrRinVetiondi grévige €hriHoddoemtiepsimioh ot afckt he
invention are indicated by the dependent <clains related to claim3. In the

fol | owi ng a#ndexdimsing widenyalgp sepestally mEH g to the invention is

described in ﬁqr%i%ctuhﬁ'bbﬁ@h%'ﬂm\%éerfeﬁfoﬁrt&rﬁ;ﬁlsé&tatnbﬁ oRERRINAANI R cAr awi ng.
Fig. | is a sc tic view of ref erred enbodi nent of an apparatus

accor di ng t magiheim dweter pbapout 200 mm.
15 [t is further an object to provide an apparatus for performing said method, which

apparatus should be versatile in its use, especially in the way that it should be easy 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 amounis of energy to be supplied from the surtace. but

20 which can utilize the standard power supply available on an ROV.

The invention _
These and other objects are achicved through the method according to the invention.
which is characterized by the features defined by claim 1. Preferred embodiments of the

invention are disclosed by the dependent claims related to claim 1.

I~
n

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. | is a schematic view of a preferred embodiment of an apparatus according to the

mvention,



3 Firg. 1shows in a very sinplified forma renote controlled submarine
(ROV) 1 with a suspension nenber 2 and a power cord 3. The suspension
nmenber 2 and the power cord 3 both extend up to the sea surface (not
shown). The ROV 1 is also provided with a nunber of propellers 4 to enable
it to nove, one of which is shown in th?4 drawi ng. Arranged on the ROV 1 is
a tubing 5 with an inIet 6 and an outlet 7. The tubi ng 5 my have at | east

oneerX|bIe sectian ng .t I ; e mpved
by neans of aDmEHhO\uﬁ 1<";{'tao‘e b%ﬁ’ﬁ? %gorll eleglg?etcog l%f} d%g Qg(r)l%?)]/te\g%hn'{)he
ROV. The edg®ension mfemtbhez hind £povberi cord humﬂedxspcmsmnnmmlm 2lapg shegpovtcdne i nl et .

Uhe power FBEA PEREREN SR nruts Gt pitaid, 2fs PORLD Gl ARl k" =

subst ant i alalyinfe¢esr ;ﬁb@@ﬁmsmaén@ﬂleflrz@maesOmerﬂmmmslsmwmmdheuraaﬂdu wi t hout
any sharp bends where | arge rocks m ght be trapped. An ejector nozzle 11 is
attachedJexternaIIy to the tubing 5 so that it does not dimnish the

di amet er br?gééﬂlbdMe REAE | & fﬁlﬁomg 9oRk laﬁ’m]retjé a%qwoqaa A mwﬁsi%ls wat er

j et suppli ed froma water punp ™12 powered by a hydraulic ne 13. The
ej ect or nozudyehaye 3t lephenevdexiblepastpniRR pamei ttingahdipdit ol e tn’ewaé@ bC_LBTOt* thet her
constitute the cfJ.di ng
fo the | nvantians UEh aRERALRRG Rl geh B8 soflPRR ind:findehi B0 g

arr angenentl ((afotc isteodng romtagked tpmehemiablogs tuehanﬂeang"bdout(betﬂllsmaﬁed)m arocks

whi ch are | ar or d se at .?Om' t stuck.in the
inlet. t‘h@?soérf’%t%gﬁllnﬂ’é“ %’%F (gtberﬁﬁ%\ne(fé’&’ °t A8 er{thgﬁ Hi%e 5 ésor t hr ough
the t Ub' Ng pefetiBBalki@ntdi@ithals@bstaritaBy 8idecrods sahionhrdns itpieétas abbytlet and
adjustable. for the purpose of controlli nq the suction at the inlet point
and reduci ng“lloﬂ‘éa‘iyeﬁ%’&@nwdﬁ&hﬁ'@tlarggf%kn}‘%ﬁ PeHEPREdi nents. The appar at us

. according to%1@ed&%9£lhqml§@bﬁclb&1 ARl th Y\ndBHME BGHURAG ddeombiliasdibic 25
. material with a specific weight close to that of water, so that it is easy

for an Rovth@dlamrewftlwwbmgmeThfemm@rrfwthmltpgmaqi@ afpoxeafubi alepirk BBIPEChn t he
np I and 408 .Rove unﬁ,ol%r@e?&a EIRANSN cﬁnah.}erﬁ@cggx@eawﬁ&?wouqh the

ROV' s stan powe SO | |cat es a collection of
rocks 14 inw zttheptmmtle&sl tbf: hmmamlg}: mowbel mogmh@ugmtﬁlﬁe theutmiweg aGewplyneans  of
t he describ ﬁ"@?m%n{ Q,the follow ng cal culation

Fdl a glca rgsa or(?m?

exanple it 1'§ BP%UBOE) FePeRar e 'dpparat us 1S ‘attached to a ROV with an
avai |l abl e 30 CK&%(tbanautﬁortheftmﬁﬁga“bdckﬂgsm‘ing”tdmngmmuppemmnmat the 4
hydraul i ¢ not nd t he ter veatotal e In that

ff
case the wWif F“b MPpATANEE B’eblﬁgllﬂ’gp FOSKHPBCH 3K 190585 %’rc“:lr?encxé‘fg'gleﬁtrtggtsur e of

4.0 bar. »RRogkst U@t%ﬂlct\q’n tkﬁrlﬁ)l%?qtur&%f Mﬁéﬁéﬁﬂﬁa Btmihie: seadb@tirenhusealidy, have a -
| argest di aneter d,,,a~ = mm. | f the tubing has di amet er of 250 mm. .

and a | engtdf thfough [ynerﬁlblpgé ciqﬂ: I‘Q)WFH'@}C‘{ H@ép@tqf@élpch 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
consufning 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 presupposed that the



S data follows: 'T able 1 10 IS Velocity before m xing chanber5.0 ms

Vel ocity after m xing chanber6.0 m's Required velocity4.0 ms Mtive power
(lifting height)1.50 mof ~~hich inlet 10ss0.26 m (k= 0.2) frictional

| 0ss0.68 m (k= 0.017) outlet |10ss0.56 to (k= 0.3) Capacity transport of 150
nm rocks20 ti hour (confirmed by nodel tgsts) Power consunption ROV30 kW
Pomer.fron1mater punmpl9 kW Net effect used by the device4 kW Exanpl e of
practi cal m%%n@%b&%nh A GONFURShAR oAbl H8CERS SUBENInQhakRAnd 500

of rocks (d~ ~~ere ed wth an apparatus according to the
present i nvevitérgumpThil lworid wpiraride HEI0 I/ plimeda pressiengist j)bmdé%pckatlsed to

pi pel i ne for 4 € f L . 100 1
m n. of hydeﬁ ﬁéggg f%tpggkgggéﬁpééﬂeﬁgﬁ%% lE%&%s %@&&F§ﬁ|ewﬁgr runni ng~~

t he wat er puﬁmwbw@ﬁmhadamnmspﬁad@ntmaﬂﬂakmgmfh611mbﬂm@bmnadgﬂhoumrm

PE- pl as
P ti C data foﬁov&s

Table 1
Velocity before mixing chamber 5.0 m/s
Velocity after mixing chamber 6.0 m/s
Required velocity 4.0 m/s
10 |Motive power (lifting height) 1.50 m
of which inlet loss 0.26 m (k=0.2)
frictional loss 0.68m (k=0.017)
outlet loss 0.56 m (k=0.3)
Capacity transport of 150 mm rocks 20 t/ hour (confirmed by model tests)
15 |Power consumption ROV 30 kW
Power from water pump 19 kW
Net effect used by the device 4 kW

Example of practical embodiment

20- Inacommission 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

25 total length of 10 m, and an internal diameter 0of 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.



25 total length of | O m and an internal dianeter of 250 nm Only a

m ni-mal - wear could be observed on the tubing, It was observed, however,
that rocks fromtinme to time got stuck due to unintended unevenness in the
tubing. The invention is unique in the sense that it allows rocks to be
noved with nuch |ighter equipnment than tshat previously available on the
mar ket, and at depths where it has not been possible to conduct this kind
of task. T 0 above-referred commission confirns that the invention is
practically f'ea5| ble. 5 Cains 1. Method for noving subsea rocks and

sedi ment s, lal Metlakd fsi @nviﬁnbsa}mea deps sl sedingents, also avsigabtavdemht.fe.g enoval  of
protective rocks aro S nst al | tlonsdvvne e. enance is to be
conduct ed, “QUHHPRALY rrF'?%a ﬁpliqrﬁf “%Eﬂ??f)?ﬁgﬁ? le8?€i}8ftH@at%9nfu Ffg with an

ej ector nozﬂélﬁteh@cargtangezdnd&wapl etely externally in relation to the tubing
on a standard, renote controlled  submarine gm whi ch e ector nozzle is
connect ed tchaEACterazedin Khar aqypmen| l“&luﬂg\&e’ftéﬁm @reﬁ%‘lﬂ?ﬁz g FSATEEEY wat er
punp is run.RydE @%temallph?re@ﬁ%ﬁgé(trﬁe%?ﬂhyoﬁQs{ah@arﬁaqgmo&%onﬁbﬁédthe ej ector
nozzl e produces a pressure gradi ent through said tubin and that an inlet
10 end of saboatingdiR{YV ], svhichcagcser naElp iy waRrectethia dsiééiﬁefﬁbgf[@dﬂ@“bé’omvéd wi th
the result a fng at its
inlet end \E“Ealtﬂu Ithq‘t ﬁg@te?ggmg%j L@e‘ﬁ%ﬁggf&l\/ghﬁg Qggﬁogﬁng%o gl aim1l,
1 ~ char acttbmnlzeq e¢tor mdzate frédicend mtessarﬂjgratﬂmmhbromlbsmg tubsngrendilacaroylareans

attach a 0 N ract ed in
t hat saiB’J “&fﬂloﬁﬁ‘ﬂﬁf“b”%\" ﬁ#?%&%‘%ﬁ 95’%} Slqgg’ |n}30‘ﬁ%f”[mﬁ?Ieg“ﬂh‘l a 20
density cl oggl bokstdne sd@ﬁﬁ:hts)am)iucmat (E116) the tubildeaiis enitoendnmil ibigvisatho€as r ocks
and sedi rrents [ ncI uding at significant depths. e.g. in connection with

renmoval of ‘b‘t‘b&%ﬁtl ve rocks around subsea installations where maintenance
is to be conducted, 25 characterized in that it includes a tubing (5)

t hrough whi ch t he rocks and sedi nents (14) is transported with the aid of
an appl i ed pr dkshindaacgerdifiedaclaimiat the pressure gradient is maintained

with an e} &fh};\?ﬁctm%l ifi thatthe ﬂ{lét%ﬂgggﬂﬁthets@llé/\/d%?‘etlﬁrrﬂ@zlnsﬁuh& h db® @hon to

t he tubi ng t ha he ejector nozz receives water froma water
punmp (12, 1BY\V connected therevvlth 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 eqw hpatkthodaceordDemiocriradcor ding to cl ai m 4,

characterized in th:at 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. c.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 ejector 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.



characterized in that an inlet nmouth piece (6) of the tubing (5) is
arranged with a rounded edge (10) in order to reduce inlet loss. 5 fi.
‘Device according to claim4, characterized in that the tubing (~) conprises
an outlet end (7) shaped as a diffusor in order to reduce outlet loss. 7.
Devi ce accor di ng to claim4, 10 charactefized in that the cross-section of
the tubing (5) is substantlally even fro%hthe inlet noth piece (G to the

outlet end (7), and th S. on the tubing have sufficientl~ 1arge radius
or small anél bet‘ﬁeé%ﬂr%imgg%ggm Pom getting stuck in the tubing. ~ Device

accordi ng t gn&darieizéd lrlthaﬁlﬂﬁﬁrﬂéttrﬁdﬁdtﬁﬁdc& (o) olfiete thibiag (5l ietrrarpet viicece (6) is
provided with a backflush nozzle for lﬂushl ng out rocks that tend to get
stuck in th&unged ﬁdgﬁl(é@)emoé‘?ert“b‘qdﬁifs‘él?t Svgged 9. Device according to
claim4, ?0 characterized in that downstream and close to the inlet nmouth
pi ece (6) an aperture (1 ~), preferably with adjustable size, is arranged,
t hr ough Wi éh Beviee M@@anwﬂalml%e . thereby controlling the suction force

in the mout BEQ@SF@@H% HEA Y ﬂgm g§) 50% ﬁ&c% JRieB&H (7f§ljrﬁf55d hdly l'tﬂ§01 in

sedi ment s. Device accordi llarm 4, characterized in that the
device is s_twhksn'mtedactdgutheabes.f romplastic materials with a density close
to the density of water, so that it may easily be supported by an ROV.
7. Device according to claim 4,
10 characterized in that the cross-section of the tubing (5) is substantially even from the
inlet moth piece (6) to the 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 back{lush 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 {ine sediments.

£
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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



