SUBSEA TREE WORKOVER CONTROL SYSTEM Field of the Invention Thi s
invention relates in general to subsea trees, and in particular, to
facilitating electrical and hydraulic control service to subsea tree via a
renmotely operated vehicle (ROV) during workover operations. Background of
the Invention [0001] A subsea tree is a device that is used primarily to
control the flow of production fluid froma subsea well. In addition, a
subsea tree nay be used to direct fluid into the subsea well, such as in
chemni cal injecti on.SUBKIDR TREFpWERKOVER €ODIROL S¥STWM | utilize several
val ves for controlling the flow of fluids through the subsea tree.
Qperation of the subsea tree valves may be controlled by a subsea control
nodul e (SCM. The SCM nmay i ncl ude several sol enoi d-operated control val ves
that direct the flow of hydraulic fluid to the subsea tree valves. The
cont r gleld af thegnventiblne SCM control various operations of the subsea tree
val ves. The control valves are supplied with hydraulic fluid and nay be

control | edThy Blvegtdn Feddtess i Rahall f00BbsEPlire8X MRl B pAfcuADIthi BaillitatitBi Ch may
ext end froma production tree or a renote pl atform [0003 Subsea tree

val ve |.i t ]ﬁa(yﬂg or for
a hydrglaeu (:11’/}}9%1;a{gl‘rlliz(-itcggtlr CR}?&H% s%ﬁse\éelte‘é%Za ?I?%ont@ at daﬁ ?dv{egsh‘?%lﬁgﬁ Qg}t)ve
tovvara a cI Oaﬁﬂd statqe To open the val ve, a control val ve nust be operated
to di FBERE WOEOAET FRE'H U d pressure froma source of pressurized hydraulic
fluid to the val ve operator to overcone the force of the spring and drive
BRGK BNlYHbn state. When it is desired to return the subsea
valve to its or|g| naI state the control valve is positioned so that the
sour c 0081 ] pr ebsea treead a deye ahat icused wirighanidy tooergnol therftoy of prodsetiom thad
hydraulic fluid to the val ve operator. The hydraulic fluid in the operator
i's vefbeth sds@Nabl.eln AuditfP! h BbskDtre€indy Be L] toalinéer fld iint6 tigy Subkedakelgt at e.

such as in chemical injection.

[0002] Typically, a subsea tree will utilize several valves for controlling the flow of fluids
through the subsea tree. Operation of the subsea tree valves may be controlled by a subsea
control module (SCM). The SCM may include several solenoid-operated control valves that
direct the flow of hydraulic fluid to the subsea tree valves. The control valves in the SCM
control various operations of the subsea tree valves. The control valves are supplied with
hydraulic fluid and may be controlled by electrical signals from, for example, an umbilical,
which may extend from a production tree or a remote platform.

[0003] Subsea tree valves may be hydraulically-operated valves. For example, the operator
for a hydraulically-operated valve may have a spring that drives the valve toward a closed
state. To open the valve, a control valve must be operated to direct hydraulic fluid pressure
from a source of pressurized hydraulic fluid to the valve operator to overcome the force of the
spring and drive the valve towards the open state. When it is desired to return the subsea

valve to its original state, the control valve is positioned so that the source of pressurized
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[0004] To facilitate distribution of the hydraulic fluid in the unbilical

to the SCMs control valves, the unbilical may be connected to a receptacle
on a junction plate | ocated on the subsea tree. The junction plate
typically includes a hydraulic distribution |line arrangenent extending from

the receptacle.to the SCM s control | ves.. er unpi lical al

cont atRaraRt ARt el DResh e panized dviiEric 15 e Ao B oteGoF r bt he
receptacle to an electrical connection on the SCM 100051 At times during

t he | ihydragic Juigein the apgiptonisritenipdde cpable HisisReag toretyrpdaeyalegitopits erigipal)

wor kover or intervention may be required. During these operations, it is
key t hstate.t he operation of the subsea tree be tenporarily turned over to a
surface workover vessel and that the production node of operation be | ocked
out t qO@oRQVRNfacititse dBaititionREniad hatrallic Baidrigelse ahbgicalt toahe SOA'Y es®edl when
critical equipnent or workover operations are underway. [0006] To assure

that thReY eSS ImtiRS GUPhELEneRl8!a H:Eeetg@e SHOS RAclis e Blat@beated on the
i nstal |l ation/workover control system (I ) Is typically utilized. The

| WOCS _j el S 4hiS. uni 1. i 0y . '

el cct 0% 8 Ty R ' RBhut BRhPRY pEORMAL BickBh Bl Mo B

wor kover eratiqns. Typical n, th rod ion unmi.J.ical is .

i sconnsan s b ferreneiogead sV el y et BhefratEtilive BseiBaain o
seabed parking plate. This assures that the production unbilical will not
acci dent epstica pléreattbe gigetrisl tline eanbbe dowted drerp ripe Hespiaclq doen) elrefietlring to
the prior art as illustrated in FIG 1, with the production unbilical out
of t heomssgtion he tHe\WWIDE. unbi | i cal 10 extending fromthe vessel may then be
connected to the receptacle 12 on the junction plate 16. Once connected,

t he | \\6863) unbiilks abriddtheray odesvdly dq@phkst hlisti bt replatdiicorSEMal&l vi @well
distribution lines 20. During operation of the subsea valves, the

hydr ay] | j.Ck i t ! ha i r; u

vl ad EoYe it Slat e RENAGR, ORI ppRaREREE% Ky e 0. an
el ectrical. li 23 can further be routed fromthe junction plate to an
ol oct Ppedion bhihecinsh ss ¥ Rhu RS PR IRV AT Bt HOBE R ePadfas Ca
unbi li cal may, be used, 100081 Anot her arrangenent, is where the control

f1 ui dthromedustiongngds gbapagtion a%éﬁqlsﬁfie 8t 19yRIENNt iRgcifental onsErtionodly SWECROY. | n
this case, the power pack nust contain sufficient fluid to replenish the
suppl ytheo thahdhd veseel fwheotcritiod equipntehterevorkovgrmiperatibys grounderseni cat ed suppl y
line fromthe surface. The requirenent that hydraulic fluid in the

di st ri[@ods] o ldsnes 2t behe elsani dhedcomnpletdn dontrelr nefl tROYsulss®r ied,r ans

i npractical due to inpact on unit size and weight and will add operational

cost fQkallaGbhAvRYi@lvel LRl yH&R(BIOER) tsh@FBQYy nﬁﬁfeavqglﬁ-wf@@stimur@sliﬁé, the

di scharge of fluid to the sea i's obviouSly wasteful d may have a _
detri %%l?ltlﬁrllbi\i% s n?argf (%0@1?%1? Bthrl'g}a%rﬁ% ém& %Peggllcgﬁfeggse% &é‘trﬁf ﬁqefsﬁﬁ%eﬁ t%%c hni que
to solye one or nore-of the pI’O I"ens "descri be a_ove. yrrmary of the
Ie)r(] xgﬂtgllpggg Héaogx:étgll%tgﬂngar s?vggcggérngge&at?gns.t hl%/ppcrefli efﬁén, Itﬂ‘evgr%hhgt?dn Erlqgilitczglei%
disconnected from the receptacle on the junction plate and parked on a seabed parking plate.
This assures that the production umbilical will not accidentally operate any of the subsea tree
components.
[0007] Referring to the prior art as illustrated in FIG. 1, with the production umbilical out of
the way, the IWOCS umbilical 10 extending from the vessel may then be connected to the

receptacle 12 on the junction plate 16. Once connected, the IWOCS umbilical 10 provides

hydraulic fluid to the SCM 18 via distribution lines 20. During operation of the subsea
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production, fixed junction plate and vents to sea outboard of the renovable
junction plate. An ROY control system may be used to operate an SCM or
subsea tree during well installations, interventions, or workovers. The ROY
may be depl oyed froma vessel and flown towards a subsea tree by an

operat oy on the vessel...Once at the tree, the ROY discaonnect . pxaducti on
ror | VEHES AT i SeTreeD U7 o S PO IAES the! PRy i B may
park the production unbilical on a parking plate to ensure that it does not
acci dawishbs ieplapished &0 theSBENBora th@ém@bab@%got reeclegirical dingeB|can further be

i nstal |l ati on/workover operations. The ROY then connects its flying lead to
t he firowgted fromahe pmepomplatet I tosinaiidcirsdal byrcheatini 24 cotheliEMaltsi asrshowh for a
hydraulic skid on the ROY. The hydraulic skid nay further be adapted to

est abkésbat€ oleBiichlaahbiDenl Wdybeaged t he hydraulic supply line and the exhaust
line of the SCM In this enbodinent, a punp is |ocated on the hydraulic

skid I S UL FEINN [ 144 t he
S af BRPnofter Ao S IR BROUIEE Ik BombC[sobfach ) # deficad | 10

I
capital .a installation r.obl ens..associ i & e dj t 4 onal
s ey APt bR 508 BB AT RIRRGE R tinsonef et R 1 80C s on
plate, and the SCMallo spent hydraulic fluid to be repressurized and
Feuselp FRCPiD theRPHRY 9 T dtitReihg SIS dh ity or § LeR SyePly dine
seawat er. Brief Description of the Drawings 10012]FIG 1, illustrates a
t ypi calonuihsi purace. | WocSeqwreneent ithat hyslranlSCAmidnin Hee gdisfrirutigptlines 20 be
replenished via an internal ROV reservoir is impractical due to impact on unit size and
weight and will add operational cost for retrieval time to replenish the ROV reservoir.
Additionally, the discharge of fluid to the sea is obviously wasteful and may have a
detrimental impact on the environment.

[0009] A need exists for a technique to solve one or more of the problems described above.

Summary of the Invention

[0010] In an embodiment of the present invention, the tree exhaust line is routed to a
production, fixed junction plate and vents to sea outboard of the removable junction plate.
An ROV control system may be used to operate an SCM or subsea tree during well
installations, interventions, or workovers. The ROV may be deployed from a vessel and
flown towards a subsea tree by an operator on the vessel. Once at the tree, the ROV
disconnects a production umbilical from the fixed junction plate located at the tree. The
ROV may park the production umbilical on a parking plate to ensure that it does not
accidentally operate the SCM or the subsea tree during well installation/workover operations.
The ROV then connects its flying lead to the fixed junction plate to establish hydraulic
communication with a hydraulic skid on the ROV. The hydraulic skid may further be

adapted to establish communication with both the hydraulic supply line and the exhaust line
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[0013]FIG 2, illustrates an exhaust circuit in production node, in
accordance with an enbodi nent of the invention; 100141FIG 3, illustrates
an ROV connected to the tree in workover node with the exhaust fluid
recircul ated, in accordance with an enmbodi nrent of the invention; 100151FI G

o1 cot AT S R %‘égnﬁ%fé‘ﬁfaﬂ Faniato DR AR Sl HRER R 1 an

enbodi rent of the jnvention, | ed Description of the Invention
100161tb@fr@?rP$SH’@Z‘?sdh¢:hX§ra‘§lc %E“%&‘rdttpélﬁe e Maaflgpide sPf-ee 26 in accordance with
an exenplary enbodi nent of the present invention is illustrated. In this

embodi[f@ht], tThe RGbH&basedr eentd $ystevei eligniopies dhe deapiala apd odstetlatom wosie. The
subsea tree 26 has a fixed junction 30. A renovable junction 32 is secured
to t hgrébluas gssoridted wil0.tharteaditlondls THaRES. system. r €Ty phingbipg natdangementi s

provided to couple a production unmbilical 34 to the fixed junction 30. The

unbi | iedbeed4hé ERGJ\@ RE1d9 eSRhnétRnPpIa] Qﬁ‘d Rt ey sl dpencRpragic fihiditd rrnd

electrical signals during nornal production operations in the illustrated
g?bgd' {sunl%be%@ggérﬂsnlé?% piés ! mﬁu_h%%' redciflPhe RShERN]i AR RarRd RUGHARP tree

Brief Description of the Drawings

[0012]  FIG. 1, illustrates a typical umbilical IWOCS connection to a SCM in the prior art;
[0013]  FIG. 2, illustrates an exhaust circuit in production mode, in accordance with an
embodiment of the invention;

[0014] FIG. 3, illustrates an ROV connected to the tree in workover mode with the
exhaust fluid recirculated, in accordance with an embodiment of the invention;

[0015] FIG. 4 is a schematic illustration of a connection between an ROV subsea
electronic module (SEM) and an SEM located on the SCM in accordance with an
embodiment of the invention.

Detailed Description of the Invention

[0016] Referring to FIG. 2, a portion of a subsea tree 26 in accordance with an exemplary
embodiment of the present invention is illustrated. In this embodiment, the subsea tree 26 is
being operated in a production mode. The subsea tree 26 has a fixed junction 30. A
removable junction 32 is secured to the fixed junction 30. are illustrated. The removable
junction 2 is provided to couple a production umbilical 34 to the fixed junction 30. The
umbilical 34 is configured to provide both hydraulic control fluid and electrical signals
during normal production operations in the illustrated embodiment. The production umbilical

34 may extend from a production tree or a remote platform (not shown).
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[0017] I n this enbodinent, a tree exhaust line 36 is provided that is routed
to reoute hydraulic fluid to sea through the fixed junction 30 and the
renovabl e junction 32. The production unbilical 34 connected to the fixed
junction 30 via the renovabl e junction 32 provides at | east one solenoid
oper a roj. valv 38 of sea Con f W t h

ar PO 1 0f i oSy Afhe: TR 14 RePBR bt FotouRdo FBHE, ¢ he
SCM has a snall accunul ator 39 with pressurized hydraulrc fluid. The SCM 50
sol endydraghe flaicety seonthranghithe Jized Jonctiont POlandyae stmevable iwpetiqsy 82sUte for
opening and cl osing at | east one subsea tree valve 51. In one node, the

sol enpratiuoper ambdicabd4 rcohnactddviesthd Fixetd rjendtiopr ¥k siar thg edmbyakilel junstiom 82subsea
val ve 51. In another node, the sol enoi d-operated control valves 39 vent

hydr apkdvedds| adléhstisiROsolehoRPEcrdted thitret waBea 8t dfeeSwaby €sntad] ModslegSChough
the fixed junction 30 and renovable junction 32. As with all the conponents

descrishedalRfdhlic 1ig V%‘%ﬁ%ﬁ?ﬁﬁic%ﬁp}%l? Ir&@@\rﬂ I8 eheBmbbdnlehy t@éﬂ@'cropﬁasscal ed

relative to ot her corrponents connection 52 on the SCM 50

he. seiatt afib iR B be QiR bl Ruldy Fﬁ%éﬁ“ﬁ'@a@é@%mﬁéﬁ%ﬁt el

install ati.on r kover,, nt ervention.is desire an ROV 70 ma
depl oyedrgl I hien 39 seuiEp! Wﬁw ig fghpressiee for RANIPS ARY HOSRE & leaplsmg %P%eé 26.
The ROV 70 is typically controlled by an operator on the vessel. In this

enboditigevelvethe IROwe POOdsathei seknaid-wenatedrbonticd arlves 39 direeigpressatizerbilidom t he
vessel down to the subsea tree. The ROV 70 has facilities allowng it to
di scomnelpd sabyda pabkufl.t He gnodauahéden therbolenaidiopdatddredatro? )valves % kentf i xed
junction 30 and park the production unbilical 34 on a seabed parking (not

shown}yy@vatilié filfacuskdsd pdrak tRNEUMREKQYETal PRET 1A s@ﬂ@nr@tﬁ%h 18 TiXe@ f@nctidhi3
assures that the production unbilical 34 (FIG 2) w not accidentally

t
net aP ARk Eh 2R5 S 1SR FapAg TR ﬂe‘%@%g R S A
FI G t of 70 th ts t d.72 to th
H ceashmE et s S rHE henroed Fly ol P Ry B AL Gkl PRt od Lo

interface with the fixed junctl on 30 to thereby establijsh hydraulic

comuA? eatthobChe Gelkaws aieclerticat ombiliral A taseysibe cleglical aaiipments Rf the71 i n
this enbodi nrent may further conprise a renovable junction 73 that

i nt er S&M S0 and thetshbsehitreed6. uncti on 30 to establish communication with both
the hydraulic supply Iine 54 and the exhaust line 36 of the SCM 50, which
are beig18] oureskriify tEIC. i3 Stheh WnGdll BBtaBRkion\Wogk@et,Idradlervehtien Kodeliyd,al so be
provided to the 70 via ROY unbilical 72 to provide electrical control

si gnals HIEFYI ‘gﬁéeycfaé’ﬁeﬁﬁ&%doﬁ&ﬂta SUSH @3t S %ﬁd‘{ﬁul\%fﬁwardsgﬂﬂ% SubfRHTRE, OF

caner as trica Ine 76 may connect "'to an ectrical nodule 78 on

connotvedt BRed brtaeies bR oA LErn BREEL" bR B St BN FbodiGc the™ BE

enbodi nent, the connection, 73 on the hydr U|IC skl 71 fur her establ i shes
comuRQMaYD sartise pREEY upbdicaher £ Y‘ﬁgrl@dvﬁzt o the,¥essgli dpwmtodhe syhsea HeRir aul i ¢
supply line 54 and the exhaust line 36 of the SCM 50, to forma cl osed-I| oop
syst eifhe ROY D hae fitpdldtiaventiowing uendisgoniest anstpickep the nrh@dﬁyd ranlfilieal Ski d 71
and is connected to the internal piping to formpart of the |oop. A

r eser yG, 28 Fomaie figed irdtiad 30 bed pak tkopdadtioarurisiiica d4lon d senbal Szkiagd | i ne
84 connected to an intake on the punp 82 to facilitate fluid supply in the

| OOD 81 BRehOWAPuRA the iHSAGHLRWRRERS Dpklafibnd AR Jbﬁ&iﬂabﬂ I'hid bbﬂu@esftﬁgt e the
to thereby allow reuse of the control fluid by the
production umbilical 34 (FIG. 2) will not accidentally operate the SCM 50 or subsea tree 26
accidentally during installation/workover operations.

[0019] With the production umbilical 34 (FIG. 2) out of the way, the ROV 70 then

connects the flying lead 72 to the fixed junction 30. The ROV 70 may comprise a hydraulic
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[0020] I n the operation of this installation/wrkover enbodi nent, the ROV
flying lead 72 w Il provide the ROY 70 with hydraulic fluid and el ectri cal
power supplied froma vessel on the surface. The hydraulic fluid will be
i ntroduced into a connection hydraulic line 90 via hydraulic line 74 and

o SRR BTSSR SO BB R MRS ¢ o
t SCM 50 i 92. [ . .
e SR ekt s, 1 Ko e SV 0 SR BB P,

allow the vented hydraulic fluid to circulate into the ROY skid section 71
for reprlnsiémentzmey durthey compripe gpreRvabipduintiep B2that sderfgcge dvithhthe fixed
pressuri zed control fluid into the hydraulic line 90 in the skid 71 and
back ijohaionh0 hy disablisic csmppihicatiomevify bbthr the ehyriraudidusipphnline SthandS@ 50. |1 n
operation, the electrical portion of the ROY unmbilical 72 further supplies

pover dxBabNEnBaomRf % $OV20L Whianat beth ©feads MRNMixeIGhatRLI 302l Ay eb@ioal | n
FIG 4, the hydraulic skid 71 of the ROY 70 has an SEM (Subsea El ectronic

Yogd %"elﬂ’o “*agaﬁlsmé’ PRV ARGV vl ROV (5B ncgis 3%2% §r3\fi@€rblte@t‘?icéll)36i ng

| ead and convert it to power and signal for the tree SEM 200,
whi ch may be I%at ed on.t he SCM ?0. A con\tﬂ;ol i ne.150 comuni cates the
SEMS 10808803 °F ROYCH EeFIUATRAT PRT &Y PRt YL ROVEEENUIHY 26 “AUSESy
converted power to the subtree SEM 200. A pog@gl e ster co ”ﬂllefStati on

(not sHyvSCiEeRk e FodBasheonpeeldoial alerdrica mody Pt ths hydgic oK1d Reffo®ssel to
control the ROY 70. 10022] The systemelim nates the capital and

i nst al Wheré en eteotricapdistyibutien dise G0inaayebe opnmigctedo theaglpatiiemn onnealos 53yt em
The pl unbi ng arrangenent between the ROV hydraulic skid 71, the fixed
junctithea SSM smd ThhisSEb&Amehi, ahs cesmicedn HBdoauhée dyfitaulid skial Bé fuapeur ed
and repressurized for re-use in the SCM 50. Further, the proposed

ar r angep®ithet LRSIt B CUNVEQ irdidrHAIOpirEC RARBE tHeOsle® AMBARY thel RREAIITNI S

witten description uses exanples to disclose the invention, including the

best supply line 54 and the exhaust line 36 of the SCM 50, to form a closed-loop system. In this
embodiment, a pump 82 is located on the hydraulic skid 71 and is connected to the internal
piping to form part of the loop. A reservoir 83 may be used at the tee connection formed by
lines 92 and line 84 connected to an intake on the pump 82 to facilitate fluid supply in the
loop. The pump 82 is used to repressurize the hydraulic fluid fed to the SCM 50 to thereby
allow reuse of the control fluid by the SCM 50.
[0020] In the operation of this installation/workover embodiment, the ROV flying lead 72
will provide the ROV 70 with hydraulic fluid and electrical power supplied from a vessel on
the surface. The hydraulic fluid will be introduced into a connection hydraulic line 90 via
hydraulic line 74 and will be supplied to the SCM 50 via hydraulic supply line 54. Hydraulic
fluid vented from the subsea valves 51 is directed via exhaust line 36 from the SCM 50 back
to the return line 92. Both lines 90 and 92 sre coupled to the fixed junction 30 via removable

junction 73. The return line 92 will allow the vented hydraulic fluid to circulate into the

ROV skid section 71 for repressurization by the pump 82. The pump 82 discharges the
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node, and also to enable any person skilled in the art to practice the

i nvention, including maki ng and using any devices or systens and perform ng
any incorporated nethods. These enbodi nents are not intended to limt the
scope of the invention. The patentabl e scope of the invention is defined by

t he clains, and i.ncl ud t her . exanpl es, t hat, .qccur, to.those skilled in
t he arAress W@ﬂ‘é‘géﬂtﬁltg"s 8&?@“?%@&%@ e Sﬁg 7\C/Ll "fnﬁi tﬁw]? 1o 31&%%};%‘}11% he
claims if they have structural elenments that do not differ fromthe literal
| anguageplpflinerd for agingodustion fio theeyCMhe0. u e opdatiora i elegtticglcration obfhenent s
with insubstantial differences fromthe literal |anguage of the clains.

CLAI MROV Iimbilicali B2 éathee bhppdipp poatris thecmmmmy 83i ng, a subsea tree having
at | east one hydraulically-operated valve for controlling fluid flow within

the sybeEg t rMe@nother emboihentistdmaiRely showpeinadtiGy 4] the haddagkl Wil 1 oliehesubsea
tree, the control nodule having a hydraulic line extending fromthe control

modul &9 Mg ah émggu@egmx%ﬁae!m&l@rma% rét@h¥SolRr SREERLEichINe

val ve, the subsea tr el ng configured to establish a closed hydraulic
system w an .exter nal ice: ..an input, I e .0 flui
comrur‘?f%’ﬁtsih%?{n\kﬁ? ﬁyWﬁze%‘gﬁ%/ Ia%ﬁ? COREE & WAR W?:Ig%fdl %g&ggﬁ f%’ersgé%‘la\/t(ge%héb raulic
fluid fromthe external deyice suppl .he draulic flui t
cont r 300 whigh ayggdocated on é’ﬁ S&ﬁgat A‘&E’é‘éﬁ L\E‘f ?PWW’HP‘Gatﬁ%mﬁtlagn with
a hydraulic fluid return line extending fromthe control nodule and
conf i §4P ewhiteoa gowet lingyl@P zalioms the RQV 1S NMhE0eter sl ceiwpited power torHie
apparatus according to claim1l, wherein, a hydraulic section of an ROV
f ur t haubteenPEMSHY). aArmirtable master cogtrbbstaiorh yaht abdwie) ccaddiniso ibetused acéet 0 t he
i nput receptacle.
surface control room on the vessel to control the ROV 70.
[0022] The system eliminates the capital and installation cost problems associated with the
traditional IWOCS system. The plumbing arrangement between the ROV hydraulic skid 71,
the fixed junction 30, and the SCM 50 allows vented hydraulic fluid to be captured and
repressurized for re-use in the SCM 50. Further, the proposed arrangement reduces the
control fluid discharge to seawater.
[0023]  This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. These
embodiments are not intended to limit the scope of the invention. The patentable scope of the
invention is defined by the claims, and may include other examples that occur to those skilled
in the art. Such other examples are intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language of the claims, or if they include

equivalent structural elements with insubstantial differences from the literal language of the

claims.



3. The apparatus according to claim2, further conprising a punp |ocated
within the ROY to repressurize control fluid returning fromthe control
nodul e to the hydraulic return interface and circulate the repressurized
fluid back thru the output receptacle. 4. The apparatus according to claim
2, mheéﬁiﬂvﬁ_morkover unbi | i cal connected at one end to a hydraulic fluid
source ﬁ er conprises an electrical line connected to a power source on
a vessel, and connects at another end to the ROV to provide power to the

contr o] nodylsEbsea Jvell HpBardfBadodtpisimccording to claim4, wherein the
el ectrical line further provides power and electrical signals to an

el ect roni bl aEahad A iR iRALIG Aleald enlerRdnlasenderting the

power and el ectri cal an-el’'ectroni c ated on the
subsea,tree ‘t@F eéecb;qnic nodul es connected to each other via power and
cont r ofiOY Pifhin the gubsga I56is e wel | apparat us during a workover node,
conprising, a hydraulically-qgperated subsea val ve; a contro|l nodul e
operably i nas%oam%alomewparagwg@aﬂqdﬂé@ thersubsea tiee-dhe reptnl @adals hiying a
hydraulic fluid line extending fromthe control nodule to the

hydr aubydealicying sateading fionbthe sontadveodie torthe silbast ane hydsaulically-ogeratedct i on
operably installed with the subsea tree and configured to engage an

ext er nallveke\pertd the valee) thesubgel aed baingd tonififufadametthidishxt dosdhydevlice and to

vent hydraulic fluid fromthe subsea valve to the external device;
system with an external device;
an input receptacle in fluid communication with the control module and configured to
receive hydraulic fluid from the external device and supply the hydraulic fluid to the control
module; and
an output receptacle in fluid communication with a hydraulic fluid return line

extending from the control module and configured to direct hydraulic fluid to the external

device.

2. The apparatus according to claim 1, wherein, a hydraulic section of an ROV further

comprises a return pairing for a hydraulic return interface to the input receptacle.

3. The apparatus according to claim 2, further comprising a pump located within the
ROV to repressurize control fluid returning from the control module to the hydraulic return

interface and circulate the repressurized fluid back thru the output receptacle.

4. The apparatus according to claim 2, wherein a workover umbilical connected at one

end to a hydraulic fluid source further comprises an electrical line connected to a power



a hydraulic fluid supply line to couple hydraulic fluid fromthe junction

to the control nodule; and a hydraulic fluid return line to couple
hydraulic fluid vented fromthe hydraulically-operated subsea valves to the
junction. 7. The apparatus according to claim6, wherein: a
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wor kover ?nbilical connected at one end to a hydraulic fluid source further

conpr iB¥WI&n el ectrical line connected to a power source on a vessel, and
connects at another end to the ROV to provide power to the control nodul e.
8. The apparatus according to claim?7, wherein the electrical line further

provi des power and electrical signals to an electronic nodul e | ocated on
t he ROV, t lidheappatiuentwrdingtd damodyehdreinghd dectpoaldine dmahelpectidésqmiwesi gnal s
to serve an electronic nodule |ocated on the subsea tree, the electronic

nodul @fd REAREL §ehdlPtoRAGRLARMYd R RRABA oAtk ROV fiRleldciidaR - modile A met hod
for operating subsea hydraulic valve of a subsea tree during workover
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val ves ee and a junction couple a supply I'rne to the contro
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section;

6. A subsea well apparatus during a workover mode, comprising,

a hydraulically-operated subsea valve;

a control module operably installed with a subsea tree, the control module having a
hydraulic fluid line extending from the control module to the hydraulically-operated subsea
valve on the subsea tree;

a junction operably installed with the subsea tree and configured to engage an external
device to receive hydraulic fluid from the external device and to vent hydraulic fluid from the
subsea valve to the external device;

a hydraulic fluid supply line to couple hydraulic fluid from the junction to the control
module; and

a hydraulic fluid return line to couple hydraulic fluid vented from the hydraulically-

operated subsea valves to the junction.

7. The apparatus according to claim 6, wherein:
a hydraulic section of an ROV further comprises a return pairing for interface with the

supply and return lines at the junction;



flying the ROV to the junction and coupling the hydraulic section with the
hydraul ic supply line and the hydraulic section with the return line ;
establishing a closed hydraulic | oop between the hydraulic section of the
ROY and the control nodul e; dispensing hydraulic fluid to the control
nodul e fro Y ' oR B WU TINo FE  PYel Uhs ydraulic
val ve thrun% %é&ro e ul%rﬁﬁ Férqgg{l%&%ﬁ?{ g@)%%ﬂdat%c? 4@%&&%5& n’ﬂ&gé’q{uﬁe pir?tggj;ure of
hydraulic fluid vented. fromt subsea hydraulic valve to thereb
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to claim9, further conprising workover npde. the subsea tree via the

wor koved tarilis RPYap provige pom todherroatrabmeddeng to claim 9 further conprising
provi di ng power and electrical signals to the ROY and the subsea tree via

the worl cover unbilical. 13. The nethod according to claim9 further
conpri si ng:
8. The apparatus according to claim 7, wherein the electrical line further provides power

and electrical signals to an electronic module located on the ROV, the electronic module
converting the power and electrical signals to serve an electronic module located on the

subsea tree, the electronic modules connected to each other via power and contro] lines.

9. A method for operating subsea hydraulic valve of a subsea tree during workover
operations, the subsea tree having a control module for operating hydraulic valves of the tree
and a junction coupled by a supply line to the control module to provide hydraulic fluid to the
control module, the method comprising:

connecting a workover umbilical to an ROV having a hydraulic section;

flying the ROV to the junction and coupling the hydraulic section with the hydraulic

supply line and the hydraulic section with the return line ;

establishing a closed hydraulic loop between the hydraulic section of the ROV and the

control module;

dispensing hydraulic fluid to the control module from the ROV and venting hydraulic

fluid from a subsea hydraulic valve thru the return line to the ROV; and

increasing the pressure of hydraulic fluid vented from the subsea hydraulic valve to

thereby recirculate hydraulic fluid to the control module.

10.  The method according to claim 9, further comprising workover mode.
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i ncreasing pressure of hydraulic fluid and recirculating hydraulic fluid
back to the control nodule. 14. The nethod according to claim 13, wherein
the pressure of the hydraulic fluid is increased by a punp located in the
ROY: wherein junction plate has an input receptacle in fluid

comuni catigon with the supply line and an out put receptacle i ui
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Renote Operated Vehicle, conprising: a reservoir for storing hydraulic

f | ui d;the subsgniings Go thsl werkoeertunikiesder voi r and configured to enable the skid
to provide pressurized hydraulic fluid to a subsea devi ce; a junction

configured to renovably couple the skid to a corresponding junction of a
subsea device, wherein the junction is configured so that pressurized

hydraubi ¢ findifethsd SicoREAEM d4ifM tiheskipidnd hovRiuhsgavadari erciritipugh t he
junction and hydraulic fluid is vented to the skid fromthe subsea device
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subsea Hevice IS a subsea

13.  The method according to claim 9 further comprising:
increasing pressure of hydraulic fluid and recirculating hydraulic fluid back to the

contro] module.

14.  The method according to claim 13, wherein the pressure of the hydraulic fluid is
increased by a pump located in the ROV:
wherein junction plate has an input receptacle in fluid communication with the supply

line and an output receptacle in fluid communication with the return line.

15. A skid securable to a subsea Remote Operated Vehicle, comprising:

a reservoir for storing hydraulic fluid;

a pump coupled to the reservoir and configured to enable the skid to provide pressurized
hydraulic fluid to a subsea device;

a junction configured to removably couple the skid to a corresponding junction of a
subsea device, wherein the junction is configured so that pressurized hydraulic fluid is
directed from the skid to the subsea device through the junction and hydraulic fluid is vented

to the skid from the subsea device through the junction.

16. The skid as recited in claim 15, where in the subsea device is a subsea tree.
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