- 3 MAY 2004 | Method and device for noving subsea rocks and sedi nents The
present invention relates to a nethod of the kind described in the preanble
of claiml. The invention further relates to a device for perforim such
a nethod, as described by the preanble of claim3. 5 Background3 AfZUM)rk
at subsea oil and gas installations or in connection with such
installations, e.g. maintenance work, there is often a need to nove rocks

and parti CU|M£tﬁoﬂﬁhﬂrde&lceﬂ‘6iaﬁmvmgr§db5e£ﬁwads$nﬁhedhmi:ys that is to be
repaired. The_body can be a pel'ine, valve housing and the |ik in a

sinilar way |ifhm;¢semr§vémaorheéade%te ar%%%og@ﬁﬂ(l?é'rﬂeécribﬁgd‘bH]‘Fé%f?zi“BWe th new
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cuttings at atforns needs nay al so occur in
connecti on Jetdmbsdibs & p/mkbles:ﬁcllanes. at harbour 15 works or ban-age or
quay strugtur es. Previously known technol ogy The nbst conmmon way to renove
sedi nents-in connection with subsea work, is to utilize large "fans", |arge

and heavy sguck@bud@vi ces with a high power consunption and 20 specially

desi gned excavators. Di sadvantages are that the re uir. ower and
or other resobPCuerk at feRses EﬁﬁF‘? 23 15513 1Op PHEE 8%% ﬁh%\?h ”?ftﬂag

versatility, ﬂ%ﬁanﬂémﬂx@@@oﬂ@ t]§etr@¥s'oq%ra3hee@fo ﬁ16%’rc@l’<§aﬂlﬂ§ar@(§u]@th ImBethdl ﬂdnf or
deep waters. NO patent No. 2.043 describes a dredge designed for subsea

oper at i ons, peshewivaisithe bady therrmcebmpwmﬂe’fa@ ppgy %ﬁﬁtttelariyﬁe“"Fhea‘&i‘r Beryae
conpri sesma ngghe L& punmp device and an 25 ejector. The notor is designed
to run th \M’l'l cCh inits turn provides a streamof water to the

ej ector. The Bj ecitolar wWay osay srseecheld taremayie edi tlen@ uy hovasciedn WHE "e€wt t i ngs
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, inlet end ofortlﬂnﬁmtet,lbl ng is |ntended to be m)veabl e e. g vmth the aid of a
. renote controlled m ni sub tus is

not suited toSHBVH "¢edf Hanpls om:ctulr]inr %cf"é-'f:‘ft{f’éql \\;ﬁlp éLﬁ)éEa \r"81é\k§u(:hrr§ aPFQJb%m

15 works or barrage or quay structures.

Previously known technology 7
The most common way to remove sediments in connection with subsea work,isto
utilize large “fans”, large and heavy suction devices with a high power consumption and
20 specially designed excavators. Disadvantages are that they requfre a lot of power and’ or
~other resources, they require large surface vessels, have a limited versatility, are as geod '
“as stationary, or they are net 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 tum provides a stream of
water 1o 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 se2
bottom and to receive energy from the surface, while the inlet end of the tubin g1s
intended to be moveable e.g. with the aid of a remote controlled mini submarine, a s0
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 is designed




because the pipeline has an effective |oss of dianeter due to the ejector's
design and position. Furthernore it has geographically a very limted work
range, as it is designed - 3 MAY 2004 2 to rest at the sea bottom -el/MAY 2004
t hough the pipeline is supposed to be sonewhat noveable. Japanese patent
applications Nos. 043 25 799 A and 043 25 800 A describes an ejector punp
system where the ejector is positioned mainly outside the pipeline so that
5 the ejectgy regxoﬁh&% bbROHCE eh Mo B RE hip¥ihedk 3RIREd @bl Peapitiel i ne. From
the abstract of these patent applications it is not possible to see what

ki nd of utimoxedtions these systens are intended for. Neither are there any
i ndi cations of dinensions J r Il % . 10

bj ectives | tJanneéﬁp%‘B?lgagf’ ﬁ%af“%ﬁ %goﬁ'r@ggr?t@igﬁ}géﬁq P%)%"St %%rﬁgdve?%?egqﬁnet hod f or
transport at kjefro@ humpeksem anrendicjeet ss pmdancdataarly cespdhapipplinnsdéelp

waters. It is a particul ar object_to provide nmet.hqd f tran I i on of
rocks with Hesnierdioes pRIEHEALS %fm%?d@fméfﬁé?gfh%ﬁglrﬂ% %ri%mllﬁe ;I,SJSJSE}F %}r ther an
object to ppRu Pﬁeﬁ@pﬁf?&%’bﬁé H$s AQpoREHIE @6 SdeNohaS Rird dTRitMNESt onshhexh syagpar at us
shoul d be versatile ini1ts use, especially in the way that it should be

easy to now inieoderdfododipitzar arsilersegy prsticadipns pf dyRengiops Pr PR ETHEFVERGh) ect
to provide su ratus which is easy to control, and which does not
require |ar goe’qgens%gﬁﬁgﬁgf energy to be supplied fromthe surface, but 20
which can utilize the standard power supply available on an ROV. The

i nvention Tﬂﬁse and ot her objects are achieved through the nmethod according
to the i A@eMMEHNS which is characterized by the features defined by claim
1. Preferred prbadbsjednios tiefprédeat inRéntionve ptdvede amethdil Joi waepoyionhd rocks
dependent clainms related to clai m_meTm% above nentioned object are also

achi eved t hPBd&HIMRRS 4PPRA AT sCRECH ePP5'<eHai m 3, while preferred

. enbodi ments of; \{ ReakiBYIeNst;en @pRvidec mathed idhiranBeordepe odestks wiihai uypicalel at ed
. toclaim3. In the followng an exanple of an apparatus according to the
i nvention i snayesem dienepref 2p0ukGMBY detail with reference to the

acconpanyisng {ir;aW A% 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.
1t 1s still further an object to provide such an apparatus which is easy to control, and -
which does not require large amouris of energy 10 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 thréugh 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.
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The above menuoned 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

mventon,



Fig. | is a schematic view of a preferred enbodi nent of an apparatus
according to the invention. 3 MAY 2004 3 Fig. | shows in a very sinplified
forma rempte controlled submarine (ROV) | with a suspension nmenber ~Z3 HMAN004
a power cord 3. The suspension nmenber 2 and the power cord 3 both extend

up to the sea surface (not shown). The RV | is also provided with a nunber
of propellers 4 to enable it to nove, one of which is shown in the draw ng.
5 Arranged omid hehBY ida kEry&ihpibhéifohm WrkRoRMtohitbigdd KbanRfnaROWVY etith/a The
tubing 5 may have at |east one flexible section 8 perm_tting the inlet 6
of t heI It ubi EPansiopeneralesd gy nRsVERSOTEF3. al TFeHERAIFIRE GRenab ey Rand APy
controlled j d V... Of T i i smounded
o m ni m 28 Tos0o0 SR b RprittaceinE SGUR) TR ROy I A Foufied BubD

al so to m nd mirzeerlod peopetierstdhiie eeihje ithe mpeasimerod guiicheirshewn Thbe dediing 5 i s
prefer ablu%/ designed with a substantially even cross section fromits inlet
toits outlet and without any sharp bends where |arge rocks m ght be
trapped. An e{£fiel oRB%ZROV | ib aitebing Saciiesh @ éranalah putie 2 MEhetbingg 5 so
that it does not dimnish _the dianeter of the t,ubig .. .The ejector nozzle 1
1 provi des maybawerd lgasveiediextae seupp s RgMiHine thegriel %’éf}?ﬁt“ﬁ‘ﬂﬁb" SMG8Her ed
by @ hydr auly GRS mdrdoyd3Po AR ERPE. AARlIE HlicpdrdEnipbeine ROW. TR aat t he
hydraul i ¢ menber 1 toge?%er constitute the power assenbly or the "notor"
IO[:) “the appa}ailttltjsudctcfolsaibwgieﬂ@o piveimizplesg 3tdle inktoShe pylet {as pHAPEE 262 of t he
ubing a,’ ushing’ . arr R e - arran
o bl ow Bt o7 BEKss iR A5 A g g PO oI B R ARe 38 Lt
get stuck i prefeiebly dbsgnedFuitlt h eubstantiapecniengrdss semipnfwnpitovileidd its Rrdtighdt he

intet 6 or through the tubing 5 close to t inlet,. the size of which is
preferably ‘éﬂﬁ%t%%lsgfm%?és ‘?‘ﬁeée &ﬁ?cp’@g‘[és B’fgr}’ggﬁprf‘%‘?el’di ng the suction at the
inlet |t00l nt %dg’_@&@ﬂ?daﬁgahlltﬁatt@miﬁr&ﬁt)erﬁa(ﬂyg@the 18biugl§ sonhdtiitives adi drevmtish  The
apparatus according to the invention may b rimril factured from
ol astic  25Uatareian oNihs IWPies PRIl Igrg Rl | 1DREE e SRS EPPEd t hag
it is eagy fgm . ax@%/uﬁqp éz?aﬁébéd bild hyldhelideiniiened. URe tizc@f fofzlx el oy
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noveabl e on the ROV 1 he power consum ng conpon I
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the “motor” for the apparatus according to the invention.
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Close to the inlet 6 of the tubing a “backflushing” arrangement (nof shown) may _
preferably be arranged to blow wut rocks which are too largé or clogged sedim_em that _
20 might get stuck in the inlet. Further an opening 15 may be provided through theinle1 6
or through the tubing 5 close 10 the inl.c.:t. the size of which is preferably adjustal;le. for
ihe purpose of controlling the suc1ioﬁ at the inlet ﬁpim and reducing its tendency 1o 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
cary. |
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




The drawi ng al so indicates a collection of rocks 14 in the process of being
noved 30 through the tubing 5 by neans of the described nmechani sm

Cal cul ation exanple in the followi ng calculation exanple it is presupMasais
that. the apparatus is attached to a ROV with an avail able 30 kW
(hydraulic) effect. It is further presupppsed that the - 3 MAY 2004 4
hydraulic nmotor and the water punp have a total efficiency of 0.64. In that
case the vaiyakaupidFBowst dld e vabdreuip havoyicls 3%0ehcl/ofigd. latha cpieabsure of
4.0 bar. Rocks used to protect structures at the sea botfom usEaII have a
| ar gest di ariaier pump Wil be-atlsdo piavider3 009 Heninypi aiyessae of i BB K PP
and a | engt (WalVy, | fol l-owg mmlapl e |
1015 Vel oci Ty Bar e res Sh s Re padghdh et R s dtRlchr B ST ! 48
chanber 6. 0 nthe nRaphasediismbecpf 350 10mmnd aNengtly ef pOwerthe fqlfoming theeiegral) 1. 50
rn of whi CJQOJ nl Fo:%ol 0ss0.26 m (k= 0.2) frictional |0ss0.68 m (k= 0.017)
outl et |os: 3% (”I?': 0.3) Capacity transport of 150 mmrocks20 t/ hour
(confirnmed byispmdel tests) Power consunption ROV30 kW Power from water
purrp19 kW Net Pffp(‘f used _h\ll the deviced h\_A'IE(_a_;m_l_e_g_f_p_r_a_e_t_i_ea.l,__e.FFbedi ment
20 I'n a comfiVskacyi befare AyxnBeh&bfter of [PIOBYS500 m of rocks (d[err]|= 150

m were rmvgil—.w’.—t—h—.a-n—a}) rat acTor i thepresent T Nvent| h
C eloCity after mixihg chamber B0 s | P nvention. €
comi ssi on tooll< Efl ace in §engs jorden, pt a pipeline for oil at a 540 m

depth. An ROReghirddR8odigf ry- XL was usedf4.080s 1/ mn. of hydraulic oil at a
pressure of 188 bar was availahle for ruhning the water .punp —whi-ch—|

correspondl {MotR@ Hower Tiang bbighy, nmade f o PE-pl astic, had a

of which inlet loss 0.26 m (k=0.2)
frictional loss 0.68 m (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 30kW
Power from water pump 19 kW
Net effect used by the device 4 kW

- Example of practical embodiment _ _

20+ Ina commission during the summer of 1999 1500 m" of rocks (d,,,, = 150 m) were
moved with an apparatus according 10 the present invention. The commission took -
blace in Tengsfjorden, at a pipeline for oil at a 540 m depth. An ROV of type' Perry-XL
was used. 100 ¥ 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 Jength of 10 m, and an intemal diameter of 250 mm. Only a minimal wear could be
observed on the tﬁbing, 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 ligﬁter 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 10 m and an internal dianeter of 250 mMm Only a m ni mal
wear could he observed on the tubing, It was observed, however, that rocks
fromtinme to tinme got stuck due to unintended unevenness in the tusgﬂg. "
" The invention is unique in the sense that it allows rocks to be no JWQh
much |ighter equipnent than that previously available on the market, and
at depths where it has not been possibl® to conduct this kind of task. The
30 above-referred comm ssion confirnms that the invention is practically
feasible. - 3 MAY 1094 5 Cains 1. Method for noving subsea rocks and

sedi nent s,Claim® at significant depths, e.g. in connection with renoval of
protective rocks around subsea installations where nmaintenance 5 is to be
conducted, by establishing a pressure gradient through a tubing by neans of

an ej ect of RPARLEIr MUNGSE SibstLroBk il sediattnis, Biyelardifhificndepths, axgier  punp
while an inlet end of said tubing is contacted with rocks and sedinents to
be noved, haearmeritz eindval ofprotesayerockiaragnd sibssa instalidions & herrdma BASunp

d t t - ' et ahhat
i dof octisto PRsonsRld b7 PshISRNE pr SRR (Y0BTSR (Y MbaRE T
the tubi ngegecﬁor N NQDRAGEEY @ dStefefably BydPhilic poharaiweter perp iwhile laatnleendr
upp

punp is s led wth energy by the energy supply of said ROV. 15 3.
Devi ce f orofreaid mgirrgljbselaafrt@%}vst}/lamiﬁ@é@ﬁ?%ﬁ?@? 'q \’R:F‘SHP‘}S\Q at significant

depths, e.q. in conpnection . wWith r f.Ar ' Seocd HHd subsea
install ati ‘g}‘i’%’aﬁ’r‘?&zﬁ Hbﬁﬁ‘t %%%ﬁnlé)én%’ F@Er(t%}c[)ﬁ zé%cagﬁaﬁ%t@rgﬁ Iﬂ}g%rrggﬂﬁs% ng a tubing

(5) througkNir& reib doattBedsibnieits (ROVS afd thut saidejector norshrois egansgdd h t he
aid of a pressure gradient applied with an ejector nozzle (11) connected 20
to a ppef ectabﬁ}ytqhwwta@ﬁlllﬁlwsﬂéh‘?ééoW&t"él?m%urrp while an inlet end of said
tubing is contacted wth rocks and sedinents to be noved, characterized in
that said tubing, ejector nozzle and water punp are arranged on a
standard, perdetodandtdrdingaackibiari ne (ROV) and that said ejector nozzle is
e OhPuseriaea o oSk SAldrub i leLORith Labeh vl thE BferkPuppRPofbaidPevi co
ROV.

i5
3. Device for moving subsea rocks and sediments, including at significant depths, e.g. in
connection with removal of protective rocks around subsea installations where maintcpance_ :
is to be conducted, comprising a tubing (5) through which the rocks and sediments (14) are
transported with the aid of 2 p'r,éssure gradient applied with an ejéctor. nozzl.e (1) %:onne;ted o ‘
20 " toa preferably hydraulic powered water pump while an inlet cnd of said tubing is contacted
with rocks and sediments to be moved,
characterized in that said tubing, ejector nozzle and water pump are ariranged on a
standard, remote controlled submarine (ROV) and that said ejector nozzle is

arranged completely externally in relation to the tubing (5).

4. Device according to claim 3,
characterized in that all required energy is supplied through the cable(s) (3) from the

surface to the ROV (1).

30 5. Device according 1o claim 3,
characterized in that the inlet end of the tubing (5) is movable by means atiachable to the

ROV (1).




characterized in that all required energy is supplied through the cable(s)
(3) fromthe surface to the ROV (I). 30 5. Device according to claim 3,
characterized in that the inlet end of the tubing (5) is novable bi gf:zqﬂé
attachable to the ROV (1). - 3 MAY 2004 6 6. Device according to M
characterized in that an inlet nmouth piece (6) of the tubing (5) is
arranged with a rounded edge (10) in drder to reduce inlet loss. 5 7.
Device according to claim3, characterized in that the tubing (5) conprises
an outlet end (7) shaped as a diffusor in order to reduce outlet |oss. 8.
Devi ce ao&:oDdi/ingat@rdingithajmﬁo characterized in that the cross-section of

out | E?b;%aég%tema‘? maist el e GERLHERAE B) I pRep e P

cause roc&; PoFS SI:M%Kedeetlﬁl@t foubi ng. 9. Device according to claim3, 15
characteri é i that the inlet mouth piece (6) is furnished with a

backfl ush nozzl e for flushing out rocks that tend to get stuck in the
nmout h piece, or tolo sen ‘PC} ﬁ;ged sedi ment. 10. Device according to claim
3, char act-erPe4sF 36501HES y downstream of the inlet nouthpiece (6) an

aperture éﬂé)acter?zgdﬁﬁ Qﬁﬁﬁﬁé){uﬁm@ (Sgc@ﬁpﬂﬁefsahbﬁﬂsﬂ end (7) shaped aawyéidfuserit ough
whi ch sone water w | | ow, there controlling the suction force in the

nout h pi emeleamdrcdechmthIQSSs tendency to get stuck in fine sedi nents. 11.
Devi ce accordi.ng to claim3, 25 characterized in that the device is
substantially nmade fromplastic materials with a density close to the

density ofg WeyeGlce a80oriitiltoiclaifed, easily be supported by an ROV.
10 characterized in that the cross-section of the tubing (5} is substantially even
from the inlet mouth piece (6) to the outlet end (7) and that the tubing (5) does

not have bends that might cause rocks to get stuck in the tubing.

9. Device according 1o claim 3,
;5 ‘characterized in that the inlet mouth piece (6) is fumished with a backflush nozzle for

flushing out rocks that tend to get stuck in the mouth piece, or to loosen clogged sediment.

10. Device according to claim 3

charactenzed in that shortly downstream of the m]et mouth piece (6) an aperture (15),
20 | preferably with adjustable size, is arranged, _lhrough whlch some water will flow, thereby

controlling the suction force in the mouth piece and reducing its tendency 1o get Stuck m

fine sediments.

11. Device according to claim 3, -

25 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.



