GREASE DELIVERY SYSTEM The present invention relates to a grease delivery system, a well
intervention module, an underwater hydrocarbon extraction facility comprising such a grease delivery
system, and a method of delivering grease to a location. BACKGROUND It is well known that when
performing wire-line intervention operations at underwater facilities, for example subsea hydrocarbon

extraction facilities incorporating at leaREtseEhpppariron grogdugtign well, it is necessary to inject high
pressure grease into an intervention pressure control head during the wire-line operations in order to

lubricate the line and provide a seal against ingress of well fluids. Previous grease injection attempts

made use offgreqsessmainBatbiheefdace o e ctapipggonyaichellaseaReshstrRALO the

facility. However it is understood that this approach encountered %rease control and res%onse issues -

for example AheUNdE RIS INEEEeaRoR mIAFHION paiiYe CRTRAGEHE A HRASEHEYNERE is

pumped a los\gstiptanaerl sLbrethdbepovlieatite pesieite illnzary significantly over the distance,
which complicates control. To avoid such grease control and response issues, it is optimal to control

the grease sﬁ@ﬁ% B&HV%@he injection point. In other words, a supply of grease is stored subsea,

thus avoiding ienegirRiswtlifietentiahnseblemsn gndrepitie dnfeacty wheratirriaduAdeioldesn which
arises with s%clfya qsg/s em howe¥?er is, that cbnl relativelal small quaptities can be stored stsea -
typically in gFASUESENIQ EXABRIG HRSER é(ﬁb‘?;?%%% g HGSSIBRP RO, fEdst

advantageoumhHyaidaracty girstuetiorey Bwitihauee suriygvet tigk torassiiierfiessxampena

replacement tank) may be performed as seamlessly as possible, with.any grease flow interruption
imiced. URSYST087 S I A BT 4 UE LTS SR THBEFBlns
switchover ugisgdineadridsprotade cus Slvitaliingsofihydresi st daitiol \Rigeie)dogataddnitiegoease
supply line between the t nljg}sar}d the injectio (f')int. hile that system itself rovigﬁladvantages
over the pre RTINS, D0 G L5 SHRBIE DB ESHLPHITR S ARE o ERGHS For
]?X?rrt}rp])le, mepamb@mt isubﬁbeat (1)) r&iféibﬂaoﬁnyl.inst%\tmd Fmt#ﬂSWitdﬂdﬁ?Ff ;ﬂfﬁyﬁlfiyﬁ@pai‘aes- if this
ails then the system may be severely compromised. Furthermore, while the switching is near
instantancotd G HAIESAR<ORPARE oSMnely P et e SRR RRIRIe d i i GRTH RS B IpTION
OF THE IN\grbddd© Nelthisghuyatengh éhetyre seap endaito naladpgivetgy regsease palinpey sgstengwhich
overcomes tlﬁe roblems assocjated with the prior art. This .gim.is z%x:hie ed b viding independent
grease supp gf%ﬂ% eﬁgﬁﬁ"% ébeea v&h?&t]t BIRGHELLSSY Ii%@%'ﬁ%rﬁ\(%\%ééj gﬁl%lfh 3ly during
cylinder switaliniotiecoamelit atesy amingigreasei rnehv ghees d rcomrel catalil rdésp angenissinisses two or
more grease C JindF{s, with oply one callinders pPI ing gre seeilt'an an tirne ntil cylinder supply
switoh-over. LA 401 B oS A ReaHP NP T o R T BB EyTBY Br o perioc
of time ("t"). suppipssibledsatithsteieubabsens ihesaeadipptaray e diffdecotiah molignes thedrease
from these out ﬁjts '(I:'lhe iﬂven ion is agic Iaﬂy su'l:t)iad to tﬂeg lic%ionf r grease to be supplied to a
pressure coftf B REa SF QRS RO SHGomarPLRCsE B TN BT Shalhe) 7o 08 HPas Wrerwater

hydrocarbonshctobioly fatattyaly sngaihgueaatties oprrat@tbslibscpresypitsdy grepeasnabiks.

lubrication of.line and maintains a s?aled V\{ZtIJI?AIternativ%Ig the invgﬂteior?t may be used for ac[lg other

S ince the grease su mus as, near StaSa IS, advaniageous ;
application where greage 5‘(§|ver)}os¥equwe o DI E RO I RR S R e pre%enltI invention

there is providedidey@asestitiveviiaytignsiataheirerimygrease tomkioztien, fompramgie a
replacement tank) may be performed as seamlesgigsssble, with any grease flow
interruption minimised. US 20110094731 Al des@ibach a local grease injection
system, which performs switchover using near-intst@ous switching of hydraulic
control valve(s) located in the grease supply beeveen the tank(s) and the injection
point.

While that system itself provides advantages olerpgrevious top-side grease supply
methods, it does suffer from a number of problefs: example, the system is reliant
on reliable and instantaneous switching of the ayfilc valves - if this fails then the
system may be severely compromised. Furthernwhde the switching is near

instantaneous, small gaps in the flow may stilluw@ven during fault-free operation.
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first and second grease reservoirs, a first grease reservoir output for outputting grease from the first
reservoir, a second grease reservoir output for outputting grease from the second reservoir, and
respective means for causing grease to output from each of said first and second reservoirs along the
respective grease reservoir output, wherein the system further comprises a common grease output for

delivering grpgsede the losatm;Tihe IRVENN GNQase output being connected to each of the first and
second grease outputs, such that grease may be output simultaneously from the first and second

reservoirs to the common grease output. In accordance with a second aspect of the present invention

there is providesl awelinntervertignaseduip gontionsitd grovRRsradRlly ey REsieystascorebtce with
the first aspect, for attachment to an underwater hydrocarbon extraction facility. In accordance with a

third aspect BY BHERPESe Hisn PERBISTIR RSSO ROG el U G BHPA NS d YRR B o ACENE RS 0PV acility
comprising theoglgirseitetipentsysigreafdhaifipticasacs e Hhphagsdana Withoafenesteasnasicay the
present invention there. is provided a method of delivering grease to a location, comprising the steps of
broviding: irld RSARBYRN o aULARE R S S RS CFBLEE RREBNRSr bl PToP bR se from

the first resegepitiof &g¢esd grease reservoir output for outputting grease from the second reservair,
respective means for causing grease to output from each of said first and second reservoirs along the
respective grease reservoir output, and

In more detail, the invention uses two or more geeaylinders, with only one

cylinder supplying grease at any one time, untiincker supply switch-over. At this
point, the supply is output simultaneously withttbfa second cylinder for a period
of time (“t").

It is possible that the simultaneous grease outpay enable co-mingling of the

grease from these outputs.

The invention is particularly suited to the appiica for grease to be supplied to a
pressure control head of intervention equipmert. @ intervention module) for use
at an underwater hydrocarbon extraction facilityimy intervention operations. The
pressurised grease enables lubrication of line amaintains a sealed well.

Alternatively, the invention may be used for anyest application where grease

delivery is required to a location.

In accordance with the present invention thereravided a grease delivery system
for delivering grease to a location, comprising:

first and second grease reservoirs,

a first grease reservoir output for outputting gestom the first reservoir,

a second grease reservoir output for outputtingsgrérom the second reservoir, and

respective means for causing grease to output ®aoh of said first and second
reservoirs along the respective grease reservgpugu

wherein the system further comprises a common greatput for delivering grease to
the location, the common grease output being cdadeto each of the first and

second grease outputs, such that grease may bet sutultaneously from the first

and second reservoirs to the common grease output.
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a common grease output for delivering grease to the location, the common grease output being
connected to each of the first and second grease outputs, the method further comprising the step of
causing grease to output from each of the first and second reservoirs simultaneously to the common
grease output for a period of delivery. The present invention provides various advantages over the
prior art. These include: i) The local control of grease to injection points, as opposed to known
top-side grease delivery systems; ii) Simultaneous grease supply from separate grease cylinders

provides sedMRESOGHERSE Wi ¢ SPEEr 2ReCLRIAEE iRf& Pihihefers RIAYIRE 8risdre being

a period of naereanadnertianle usiaprisatg hinstia RN Sy hinaccvepicethgtswitchigg device;
and iii) Simultaneous ﬁ]rease supply ensures that should a grease switching failure occur, there will be

time availabRSR didghaLAC DR AQIAY, YREGHVADh NP FARTRCIANLRBIBM0 make the well safe.
DETAILED DESCRIPTION The invention will now be described with reference to the accompanying

drawings, of which: Fig. 1 schematically shows a grease delivery system in accordance with a first
embodimentBf BEHEAER ML briSh G ERESbPE o PIERRIE IR HC S hetAIERA Sows a

grease delivandeynigey inyaeeksidoceaxiaaispcriigmmnd Mg ioighapeesendny aiyiéenusing
hydraulic cor}gro%_valves.
the first aspect.

In accordance with a fourth aspect of the preserdrition there is provided a method
of delivering grease to a location, comprising $teps of providing:

first and second grease reservoirs,

a first grease reservoir output for outputting geesiom the first reservoir,

a second grease reservoir output for outputtingasgrefrom the second reservoir,
respective means for causing grease to output fraoh of said first and second
reservoirs along the respective grease reservguguand

a common grease output for delivering grease toldbation, the common grease
output being connected to each of the first andrsggrease outputs,

the method further comprising the step of causirgage to output from each of the
first and second reservoirs simultaneously to thrmon grease output for a period

of delivery.

The present invention provides various advantagestbe prior art. These include:

)] The local control of grease to injection poirds, opposed to known top-side
grease delivery systems;

i) Simultaneous grease supply from separate greglseders provides seamkes

grease supply to the or each grease injection .pdihere is no risk of there being a
period of no grease injection due to a failed instaeous switching valve or other
switching device; and

i) Simultaneous grease supply ensures that shaulgtease switching failure
occur, there will be time available for diagnodaailt-finding, rectification, and / or

time available to make the well safe.



Fig. 1 schematically shows a first embodiment, where grease control valves are used to control
switch-over. It is important to note that for simplicity, Fig. 1 omits certain details of the control
arrangement, e.g. mechanisms for receiving signals from sensing means 6, but instead only shows
details of the hydraulic fluid / grease delivery system. It is to be understood that such control elements
may be effegiedrinppp HEEErmamer, for example using electronic or electrical control signals sent
to a control module, which may be located either subsea or at the surface, or via hydraulic control
systems. Suitable control systems per se are known, as will be appreciated by those skilled in the art,
and so furthem@etaitsraisnnefprevidss desbebbergitA rerdraktieriyisceopnbadyiig viraaiiydrasic fluid
to a first grease reservoir, in this case a cylinder 3 via a hydraulic supply function valve 2, which is
operable in é("ﬁ‘l’gﬂ:open configuration to supply hydraulic fluid to the cylinder 3, and in a second
"return” configuration to return hydraulic fluid back to the source. In a particular embodiment, the valve
may comprise a "block and hleed" valve, i.e. such that the valve may additionally be operable to block
nydraulic luldovh (REREIRRATGH N SRR cHEF RS 1 LUBRLe Sl TR CUARRE cBIHbrRd Eloca

single hydraglieddthehineemeptsbommnnvendsvnpibdrore aitramiiliassd cahde. In this embodiment,
valve 2 is configured to be operable by a remotely operable vehjcle (ROV), a remate-controlled
sobmarine o PO HEIALRG U SUiplD (T AEr e Eat PO ARB B (e cer 3 by
supplying hyetiasdigifadttofaingessiio isptacs gishse hyeradsimroln/aoee detail, cylinder 3 includes
a movable piston 11 which divides the cylinder 3 into two chambers, the lower one (as shown) for

receiving hydraulic fluid 4, and the upper one for receiving grease 5. Cylinder 3 is provided with a

sensing medrig.GifercHetaatiogl s apastiyfivsgepalsedinmaiitinéhgnexbedes dravhialvaswsrtakee@rious
forms, for example aLimit.s itch or Rosition sensor. as is kn%wn in the art.f "hot stab" injection point 7
Feeeétﬁ‘? & J

is located at'8 P lehaRYiRE 15 ‘ﬁdmﬁﬂ{é%p}&%% b 67 i gg L2013 r%ﬁ]@cted into
the system fdetaipentishenenntrds israret dmew) éghm achddibRiais el signedsniotety sresialgle vehicle
ROV - not sh tq "stab" a line jnt int7,i I f le.interlocki b ided,
one of whicH T B0 LGt T AU ST By PR B U S SRR P &
connected taystiin’, Whishaebee senlisr siedidahiitas vk airsialh effectively iiienefileinseals ia \salye which
is closed if tap h but if astab is i Th lenishi injected at
point 7 may BEDTRHCRRON o o iR S PG (RO 0T & GO S (e by
ROV for exacopieoAngueats; ediitiolmalved IGodted eittmdimesdds yoeasilicdalkdye pdotad)ngdrendided in the

reservoir output line 12 past the injection point 7, for controlling grease flow through the output line 12,
oorabio to S SN P HIBR S R SR S RS SRR T Aol 5 BERICE B
grease outpthd<€k fekitleglagnkeat atta kwhtsmn aAstregudethil et pressidedc untitod hdwdeof the
intervention ipment for example. In Fig. 1, an additignal grease injection cylinder dule is shown
i oaratol o e A & BB e R S B B SR e R R ades
hydraulic supptylfodeti@walaehdraskesogd gehsetieseva@pndidylisdgedablethme Viadleqpston 11'
creating two chambers for hydraulic fluid and grease respectively,.sensing means 6', .injection point 7'
ot nceoo o Bl B, A T 3 e 30 A e S B2 romcle
to common geastpucaiipat tbCrelira dysinadliinis chawkaio dpdacal. abhdéipadi grizasmbedinoentylinder
module - in practice the number n of such,modules be,chosen to suit.th rticular application,
R L d"6% N H th?et RRE'SHRE

with the proviso R &t BRSSO R aufds mot(gfaﬁgre req(laJlre S8%s10 enabie cylinder switch-over.

Each cylindexdohtiguéslyshs rojier abia po idotk hydneuiics fitvidvid éserdikbagbve, vath theectibinder's

respective output line leadin he common grease output O..TI ﬂg normal mode, of tion is as
follows, Wheﬁ? Yor gl%% |cﬁ]yagnﬁc(;)/}ae[)\§\(/éo c@)ﬁn&er lg%ie) grr%ﬁat%le |sa8£%ji| Ig(():lgyll)lp@/%ﬁ{ﬁ?é supply
function valv&@ugppened spRDY tonousa hydralibalfl giabiem sopiifynbodlicyéntiervdlved2ripressure.
Convenientl lve 2'is a by ROV AL, tme: RIS trol valve 9 j lically
opened to al g\\//ﬁ %ésdeﬁﬁol\fvgtﬁﬁ)%%ﬁgu%ﬁ% ﬁ?l@(i%%vﬁrﬁ%égase cgﬁégﬂ\’/a%v%é Oﬁgmég} ﬂﬁ%ﬁ% osed);
(n.b. steps i)sahdnidrmey tsdtefldutedyidraittie flord ey pipyHecppbis grssthbygheasie ftualigin fhencylinder
3 calses grqﬁge&”}?dg? 3 by supplying hydraulic fluid to aytler 3 to displace grease therefrom.
In more detail, cylinder 3 includes a movable misid which divides the cylinder 3
into two chambers, the lower one (as shown) foeixéieg hydraulic fluid 4, and the
upper one for receiving grease 5. Cylinder 3 ®vjgled with a sensing means 6 for

detecting the quantity of grease 5 within the a#in 3, which may take various
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delivered under pressure past injection point 7, through open grease control valve 9, and onward to
common grease output 10, to be deployed as required; iv)When sensing means 6 indicates that the
grease level remaining in cylinder 3 is low, the grease control valve 9' on a second grease cylinder
supply line is hydraulically opened; v)For a period of delivery, grease is simultaneously supplied to

common grerpmoUtpkiekaiipne BoimayERMer SrasshiRidn SBRES i8 kPamiess SRt ofgrerse; vi)The
grease control valve 9 is closed when any one of the following conditions applies: a) the grease

level of first SYRRAEHRCHORGIN £dS (RFaHEL AR SERSINGHRULHRS 12 refyHREJHRREE RN BETirst
cylinder 3 repsihefgbRner selayectdmié dgtetter layosensiRgIRpARD RPshmef).aftRs aPigeset length

oIme AN s ethe are Fot SR Bhable & Temotaly tparcenicls (ROV ot hbw) fo
“stab” a line into point 7, i.e. male and femaleenhocking members are provided, one
of which is located at 7, the other being carrigdan ROV. Fig. 1 shows a valve
mechanism 8 connected to point 7, which repres#msfact that the hot stab
effectively functions as a valve which is closeaha stab has occurred, but open if a
stab is in progress. The replenishing greasetiteat point 7 may be provided from
a locally-stored grease tank (not shown), or a tamlich is carried by ROV for
example. A grease control valve 9 (in this embahimhydraulically-piloted) is
provided in the reservoir output line 12 past thgdtion point 7, for controlling
grease flow through the output line 12, operablsdiectively allow or block grease
flow therethrough. Output line 12 leads to commgogase output 10, for deployment
at a location as required, at the pressure con&adl of the intervention equipment for

example.

In Fig. 1, an additional grease injection cylinseodule is shown in parallel to the
first module described above, having similar congmis, the module including a
hydraulic supply function valve 2', a second greeesservoir i.e. cylinder 3' with
movable piston 11' creating two chambers for hylirdlwid and grease respectively,
sensing means 6', injection point 7' (with asseddvalve” 8'), grease control valve
9' and reservoir output line 12'. Output line [E2lds to common grease output 10.
The dashed lines show an optional additional gré@gsetion cylinder module - in
practice the number n of such modules may be chasesuit the particular
application, with the proviso that at least two mied in total are required so as to
enable cylinder switch-over. Each cylinder comgsisimilar components as the first
two described above, with the cylinder's respeativgput line leading to the common

grease output 10.

The normal mode of operation is as follows, wheresimplicity only a two cylinder

(3, 3') arrangement is described:



common grease output 10. To replenish cylinder 3, the following steps are effected: viii) Hydraulic
valve 2 is switched, by ROV, to function to "return”; ix)Grease is injected into output line 12 via
injection point 7, and refills cylinder 3 until it is determined, by sensing means 6, that the cylinder is
sufficiently full; and x) Once replenished, valve 2 is switched by ROV back to "open” to function to

supply hydraylic fluigl,geasi fo gpaaseneaaiol vl e 9@ perfarmpicallyanenadivdigie fragired.

When cylinder 3' runs similarly low, it may be replenished in a corresponding manner, i.e. by switching
valve 2" to "rERIPhSURRth P sladsh, WRSHAIRS S0 FPEM YIS, 28 SRR G 2

opened. If a goifi-gytindamagrangement is used, i.e. utilising more than two cylinder modules, the
above-described cycle of valve opening, grease output co-mingling, and valve clgsing, may continue

for as many Bylinde? FRBRRIECTELAA & fveiadicalinor AU BE@RG RO tROH R ntion is
schematicallygpawine Em(Ritwhiebapssenhaity Jifees drarrikgicdsea) L (n bhajibpseinyai@ulc control

valves are used to control s _itch,-%\éer, rather than grease control valves. It is apparent that most of the
components BARESHEEMELEY rsmﬁ%'})to those of Fig. 1, and like numbering has retained where

appropriate. jijoweveie iptbisendeedinyersuRO Ycopetakietvalvgdint, 3' akriseslanedsy Byasabkc
control valves 13, 13', an grease control valves 9, 9' are reﬁli~ ed bé/ ROV-operable grease valves 14,

14'. In other WOMR S HIS Se PERRPEHOBRRH ENE LSRR Y BERRRS EHALRdYGugh

hydraulic coatial yalv@sl 18.chnrraihejréae oiepse tontoobyalegtas, reqlirse; the hydraulic control
valves 13, 13' compyjse "block and bleed" valves, which may be placed into three mode%Fof operation:
"open” (to enble bY AL ESISTS BRI RrilLF e ful! HQ@@%%%‘E&%&M'IE Scked in

both directioRs)oandiifengtieass iutrol inankich thenhydrsdienitbigriecoltiader Supjsly riterned to
source (i.e. [ﬁ the SH?@B; éb The mode of operation is as follows (again for simplicity a two cylinder
iS'de

module systSPEHY) BEH):

V) For a period of delivery, grease is simultangpgspplied to common grease
output 10 from both cylinders 3 and 3' to ensuseamless supply of grease;
Vi) The grease control valve 9 is closed when amg af the following conditions
applies:

a) the grease level of first cylinder 3 is exhadstdetected by sensing
means 6,

b) the grease level of first cylinder 3 reachegpra-set lower limit,
detected by sensing means 6, or

C) after a pre-set length of time; and
vi)  The second grease supply cylinder 3' now pesithe sole grease supply to

common grease output 10.

To replenish cylinder 3, the following steps areeted:

viii)  Hydraulic valve 2 is switched, by ROV, to fation to “return”;

IX) Grease is injected into output line 12 via atjen point 7, and refills cylinder
3 until it is determined, by sensing means 6, thatcylinder is sufficiently full; and

X) Once replenished, valve 2 is switched by ROVKbac“open” to function to
supply hydraulic fluid, ready for grease controlvea9 to be hydraulically opened

when required.



i) Hydraulic control valve 13 is opened hydraulically to route hydraulic fluid from supply 1 to cylinder 3
under pressure (hydraulic control valve 13' remains closed); ii) Grease valve 14 is opened by ROV to
allow grease flow through output line 12, conveniently grease valve 14' may also be opened by ROV
at this time; (n.b. steps i) and ii) may be effected in either order) iii) The pressurised hydraulic fluid 4 in

the cylinder deruses/Hgasesd ks driivarsd el PreagurR PrREjISHEtaN BOEdrfeshEnliRgPPen
grease valve 14, and onward to common grease outﬁ:ljﬁt 10, to be deployed as required; 7 iv)When

sensing medR&8 it StV H IR I RIE Gt eiGe FRHHNh PR B AERASE NP YRR iR i Edntrol

valve 13" is hgtlasiinaiyrapeasd swhetiadesne of dpliyiy, grease is simultaneously supplied to
common grease output 10 from both cylinders 3 and 3' to ensure a seamless supply of grease; vi) The

hydraulic control valve 13 is hydraulically placed in the "closed” mode of operation, to bi-directionally
block fluid flonatheiiriiv@ugiervdremaesene isfubedol ewiigcaitddionarappliesiindedntiog gaase level

of first cylinder 3 is exhausted, detected by sepsing means 6, b) the grease level of first cylinder 3
reaches a pOSATGNBRA HED Gy LR H R D Qsasplt CoTnhging, and valve

closing, may continue for as many cylinder modalgsire present in the system.

A second embodiment of the invention is schemayicshown in Fig. 2, which

essentially differs from that of Fig. 1 in that @drydraulic control valves are used to
control switch-over, rather than grease controvesl It is apparent that most of the
components of this embodiment are similar to traddéig. 1, and like numbering has
retained where appropriate. However, in this enrhedt, ROV-operable valves 2, 2'
are replaced by hydraulic control valves 13, 18 grease control valves 9, 9' are
replaced by ROV-operable grease valves 14, 14'.other words, in this second
embodiment, control of the grease supply is effetheough hydraulic control valves
13, 13, rather than grease control valves 9H@&re, the hydraulic control valves 13,
13’ comprise “block and bleed” valves, which may flaced into three modes of
operation: “open” (to enable bi-directional flowetlethrough), “closed” (where flow

therethrough is blocked in both directions), andndtion to return”, in which the

hydraulic fluid in cylinder 3 may returned to soeit@.e. to the supply 1).

The mode of operation is as follows (again for dioy a two cylinder module
system only is described):

) Hydraulic control valve 13 is opened hydrauligailo route hydraulic fluid
from supply 1 to cylinder 3 under pressure (hydcagbntrol valve 13' remains
closed);

i) Grease valve 14 is opened by ROV to allow geefiew through output line
12, conveniently grease valve 14' may also be apbgdROV at this time; (n.b. steps
1) and ii) may be effected in either order)

1)) The pressurised hydraulic fluid 4 in the cyler 3 causes grease 5 to be
delivered under pressure past injection point Fouph open grease valve 14, and

onward to common grease output 10, to be deployedauired,;
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c) after a pre-set length of time; and vii)The second grease supply cylinder 3' now provides the sole
grease supply to common grease output 10. To replenish cylinder 3, the following steps are effected:
viii) Grease valve 14 is closed by ROV; ix)Grease valve 13 is placed in the "function to return" mode of
operation; X)Grease is injected into output line 12 via valve 8 and injection point 7, and refills cylinder

3; and xi)Ongg replgishesdegsarpeneaiMe d4nslicadtchathbyhRQveRaskdmantndaruysieirigsupply
hydraulic fluid, ready for hydraulic control valve 13 to be hydraulically opened when required. It can be
seen that in (RiQY 8&7&3@’@1‘,‘liﬁ&%ﬁ%é’@'é‘?ﬁévsdw%%@ﬁ@glocking valves 14, 14' is to

enable the gygase replenisbmrNbPBeNREPY. grease is simultanépsspplied to common grease
output 10 from both cylinders 3 and 3’ to ensuseamless supply of grease,;
Vi) The hydraulic control valve 13 is hydraulicapyaced in the “closed” mode of
operation, to bi-directionally block fluid flow thethrough, when any one of the

following conditions applies:

a) the grease level of first cylinder 3 is exhadstdetected by sensing
means 6,
b) the grease level of first cylinder 3 reachegpra-set lower limit,

detected by sensing means 6, or
C) after a pre-set length of time; and
vi)  The second grease supply cylinder 3' now pesithe sole grease supply to

common grease output 10.

To replenish cylinder 3, the following steps areeted:

viii)  Grease valve 14 is closed by ROV;

iX) Grease valve 13 is placed in the “functiongturn” mode of operation;

X) Grease is injected into output line 12 via va8/e@nd injection point 7, and
refills cylinder 3; and

Xi) Once replenished, grease valve 14 is switchgdROV back to open to
function to supply hydraulic fluid, ready for hydie control valve 13 to be

hydraulically opened when required.

It can be seen that in this embodiment, the purpb$8OV-operable grease blocking

valves 14, 14' is to enable the grease replenishapamation.

With both these two preferred embodiments, it daerdfore be seen that ROV
operation is only required at start up and to resgnease delivery from a replenished
cylinder - normal grease supply changeover is &dtebydraulically, so that this can

be done almost instantly.

The above-described embodiments are exemplary antyyvarious other alternatives

or modifications will be apparent to those skilliedthe art. For example, from a

8



With both these two preferred embodiments, it can therefore be seen that ROV operation is only
required at start up and to resume grease delivery from a replenished cylinder - normal grease supply
changeover is effected hydraulically, so that this can be done almost instantly. The above-described
embodiments are exemplary only, and various other alternatives or modifications will be apparent to

those skillediét HircartvieipXanales fo8N afHeckned yienvgoing, awy auali of teaMaberd\2', 9, 9',
13, 13, 14, 14' could be ROVoperated or hydraulically piloted. For example, if all the valves were

ROV-operat@REHiErog BYAG ARG R REE: EULRPRIFRITNR YaNESUWELERRY Qneietehdicating
that the greaseistaetiaedmy, meatkesrei@ara g ytapda g eotelase sopatethtoicdvieg as

necessary. If all the valves wergﬁr&draulicaﬂy ailoted for example,.a more sophisticated control system

could be putifhiREe IR FRGh WRHWH AW r A G GREIFPHBINL) IBRERGIR £IRSEINIRRE in the
subsea conttaenafide E=Cetsaefaciiityl \theailodhe ahoyaramemiyngintecaris ¢setriprd te use of

a hot stab point to enable_é;rea e to (?ﬁr;[\ter the system for re I_enish[nent, instead, such replenishing

local grease B SPRAYSHERRMSQRL, I?Wﬁﬁﬂ)@&l{ﬁths RIHORA S WRELY TS IR case,

replenishmegtdateonjreliatyoyfaphisiteal frvecr iapSinanated Hebresn thedueastanrefand output
line 12, Whicgéﬂ{?& be operable hydraulically, electrically or by ROV for example. In this case, each

cylinder's injEtld™ point 7, 7'... may be connected to a common grease source or alternatively to two
or more separate grease sources. In the embodiments described above, sensing means 6 comprises

a simple limit switch or position sensor. However, when replenishjng cylinder 3 with grease from a
Supply via infSBHN BBiAPPVE 1€ BB RE B So RS R LR i K RAISE 1R E)ARIE! 3 by
sensing whegrgseasm flawdranetkygepase stnibnhitbpse msHis SRpAr ¢ [BoNg 0hprassurgreersing
means. In a further alternative embodi enmg{t%-)mén |il"]ﬁ of the grease withig.com niut ut line 10
from each cSIREEY 913 B PEITANGR MG D, Ballify YRR BSBskntlly Bial
grease outpghpegssiplefisieashtcidindertd)idd. 314. ghysicwwat aspidydddatasibgtaveontthbsystem
enabling differential pressure,control of output lines 12, 12' ....12qg. This confrol system may for
it ot et S N AP o g A
valves in plag &f0%\es examplell or ths lehsedcty cYlwderwonjedidhingethby a Teadivask heop and
associated Iogic contréﬂ in order to requlate the IEsressure the . r(%zse flow therethrmg}c?)h to?ogrovide

f
RGNS GrEa e HrOMNRY HRESE FRHLER AL HIPLLNE PP BB Biing

substantially
functionality ssungtisthe previously-described embodiments. Claims

In the embodiments described above, sensing meamsprises a simple limit switch
or position sensor. However, when replenishingndgr 3 with grease from a supply
via injection point 7, it is equally possible totelenine the quantity of grease in
cylinder 3 by sensing when grease flow from theageesupply stops, using separate
flow or pressure sensing means.

In a further alternative embodiment, co-minglingloé grease within common output
line 10 from each cylinder 3, 3’ .. 3nay be facilitated by taking steps to ensure a
substantially equal grease output pressure for eglihder 3, 3'... 8. This may be
achieved by using a control system enabling diffea¢ pressure control of output
lines 12, 12’ ... 12 This control system may for example comprisesguee
transducers linked to lines 12, 12’ .."Bhd variable orifice / choke valves in place of
valves 9, 9’ ... Bor 14, 14’ ... 14 These would be linked by a feedback loop and
associated logic control in order to regulate thesgure of the grease flow
therethrough, to provide substantially equal grgaessures. These variable valves
could still be used to provide blocking functiomalas with the previously-described

embodiments.



1. A grease delivery system for delivering grease to a location, comprising: first and second grease
reservoirs, a first grease reservoir output for outputting grease from the first reservoir, a second grease
reservoir output for outputting grease from the second reservoir, and respective means for causing
grease to output from each of said first and second reservoirs along the respective grease reservoir
output, whergiaithe system further comprises a common grease output for delivering grease to the
location, the common grease output being connected to each of the first and second grease outputs,
such that grease may be output simultaneously from the first and second reservoirs to the common

grease outpyt. 2. AxgieesslgbNeEy\sYsitamARIIdiNG ih §lgieabalwthebaOBIITBINIRY: least one
additional grease reservoir and associated grease reservoir output and means for causing grease to

output from S5 ARASREYML HEREEAEPRI¥EIir, the at least one additional grease reservoir output
blei_ng Cfnn%étzﬁﬁtt@fbe@mwvcﬁfeﬁ&p:ﬁwtﬁutﬁfu&iﬂg@?‘hdﬁiiwﬁé)ﬁi%if@%ﬁﬂ[]ding to either Zf A
claims 1 and 2, comprising grease su, means for supplying. grease to each of the reservojrs. 4.
grease delivarySRIEHTEA% %5 Rl gUSPUL BT RPN ST e REGUL IR RPN &R causing
grease to ouiPsfhémIMes Ak seRPanti R IRHRY Vg Hsaeenprisagathidiau st fhatistrphanttaes dod
supplying hydraulic fluid to each of the respective reservoirs, to displace grease therefrom. 5. A
grease delivEry YR AL iR JaDPaSHH AR ASFIRIRE MM Hulic fluid supply means comprises a
hydraulic fluighelyin alseasjstem iifireaao afphege setvaiimomeneigra kit prarallgrienselestively
enable hydraulic fluid.flow therethrough to the respective reservoir or to return hydraylic fluid to a
yrauic fuISIRREAIOR. AME, GACHHEI, BTSSR O B ARG FABHTR <o abteRh ity Lic fuid
valve is alsoseeiablgriaselectipaty binch hydiagtisaieihiloptiesetmagbouslyAroraase delivery

system accordin% to either of claims 5 Ig\nd 6, wherein each h}/draulic fluid valve is hydraulically-piloted.
and Second reservoirs to the common grease output.

2. A grease delivery system according to claimuithier comprising at least one
additional grease reservoir and associated gresssrvoir output and means for
causing grease to output from said at least onéiaaa reservoir, the at least one

additional grease reservoir output being conneitede common grease output.

3. A grease delivery system according to eitheclaims 1 and 2, comprising

grease supply means for supplying grease to eaitte s€servoirs.

4. A grease delivery system according to any pregedlaim, wherein each
respective means for causing grease to output fsamd respective reservoirs
comprises a hydraulic fluid supply means for sumpgyhydraulic fluid to each of the

respective reservoirs, to displace grease therefrom

5. A grease delivery system according to claim Aemgin the hydraulic fluid
supply means comprises a hydraulic fluid valve eissed with each of the reservoirs,
the valves being operable to selectively enableduyd fluid flow therethrough to

the respective reservoir or to return hydrauliedfito a hydraulic fluid source.

6. A grease delivery system according to claim bemngin each hydraulic fluid

valve is also operable to selectively block hydiafilid flow therethrough.
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8. A grease delivery system according to either of claims 5 and 6, wherein each hydraulic fluid valve is
ROV-operable. 9. A grease delivery system according to any preceding claim, comprising a grease
valve located in each grease reservoir output being operable to selectively allow or block grease flow
therethrough. 10. A grease delivery system according to claim 9, wherein each grease valve is

hydraulicallyzpilotedy dheaS@aRrREEhYetd By ateBrarrPtdiratiedding  whesinerebigreass valve is
ROV-operable. 12. A grease delivery system according to any preceding claim, wherein each
reservoir incl 8 WEn g ¥akvh S8y LEnding e lelRe of grease within the reservoir. 13. A well
intervention module comprising a grease delivery system in accordance with any preceding claim, for
attachment to an underwater hédrocarbon extraction facility. . 14. An underwatﬁe]rvt\a}lggrocarbon

extraction faBility comBIRATG Fi&YREYSY SNy QS & SH)SHBEBRIRA0d: "RITEREY of

delivering gregaeatflie flefatiancmosingpiralsieps of providing: first and second grease reservoirs, a
first grease reservoir output for outputting grease from the first reservoir, a second grease reservoir

output for outputting grease from the second reservoir, respective means for causing grease to output

from each ofgsaid fipst grecisecasnlesesyeivnilerRgdrEingSrECiivE piageeIsesertoinpriging and a
common grease outg%‘]for deliverin %rl%se to the location, the,cammon ?r% se outg t b_eir]g
i c era y

connected tFERIFo laraiey'd QRS UERRLVOIr Dikeing operable to selective

allow or block grease flow therethrough.

10. A grease delivery system according to claimvBerein each grease valve is

hydraulically-piloted.

11. A grease delivery system according to claimvBerein each grease valve is
ROV-operable.

12. A grease delivery system according to any pmliegeclaim, wherein each

reservoir includes sensing means for sensing thed ¢é¢ grease within the reservoir.

13. A well intervention module comprising a gredsévery system in accordance
with any preceding claim, for attachment to an uwdéer hydrocarbon extraction

facility.

14. An underwater hydrocarbon extraction faciligmprising the grease delivery

system of any preceding claim.

15. A method of delivering grease to a locatioompasing the steps of providing:
first and second grease reservoirs,

a first grease reservoir output for outputting geesiom the first reservoir,

a second grease reservoir output for outputtingasgrefrom the second reservoir,
respective means for causing grease to output fraoh of said first and second
reservoirs along the respective grease reservgugland

a common grease output for delivering grease toldbation, the common grease

output being connected to each of the first andrsggrease outputs,
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the method further comprising the step of causing grease to output from each of the first and second
reservoirs simultaneously to the common grease output for a period of delivery. 16. A method
according to claim 15, wherein each respective means for causing grease to output from said
respective reservoirs comprises a hydraulic fluid supply means for supplying hydraulic fluid to each of

the respectivpdapertmoiisidarisriaasetagabesaifoT. endkiggretbsLgamprisasdaenstanries

controlling hydraulic fluid flow to each reservoir, and grease, supply from each said reservoir. 17. A
method accdidhghd ERAEPEIESHIOTS SHUENFRERNETRIOHLATEGTHRERY e &RRTC6htrol

head of inteyegéprepguipment for use at an underwater hydrocarbon extraction facility.
16. A method according to claim 15, wherein eagdpective means for causing
grease to output from said respective reservoimspeises a hydraulic fluid supply
means for supplying hydraulic fluid to each of tlespective reservoirs, to displace
grease therefrom, and the method comprises theastepntrolling hydraulic fluid
flow to each reservoir, and grease supply from eaith reservoir.

17. A method according to either of claims 15 ar&] Wherein the location

comprises a pressure control head of interventimpenent for use at an underwater
hydrocarbon extraction facility.
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