SYSTEM AND METHOD FOR INDUCTIVE SIGNAL AND POWER TRANSFER FROM ROV TO IN
RISER TOOLS BACKGROUND OF THE INVENTION 1. Field of the Invention [0001]This invention
relates in general to offshore drilling, and in particular to equipment and methods for providing
electrical communication between a surface drilling platform or an ROV using an umbilical. 2. Prior Art
[0002]Control of subsea equipment is typically effected from the surface mounted control
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FROM ROV TOINRISER TOOLS

BACKGROUND OF THE INVENTION

1. Field of thelnvention

[0001] This invention relates in general to offshore drdl and in particular to equipment
and methods for providing electrical communicati®tween a surface drilling platform or an

ROV using an umbilical.

2. Prior Art

[0002] Control of subsea equipment is typically effectenhf the surface mounted control
station via an umbilical. The umbilical typicallarries hydraulic power and may include
electrical power, and communication for control anohitoring of equipment in or on the well.
When completing a subsea well for subsea producéiaiser extends from a surface vessel and
attaches to the subsea well. A tubing hangemgied on a conduit (typically termed a landing
string) through the riser and landed in the tutspgol or wellhead assembly. A tubing hanger
running tool, which is connected to the upper ehthe tubing hanger sets the seal and locking
member of landing of the tubing hanger in the weslh or similar apparatus. The umbilical
extends from the running tool alongside the conthsitde the riser to the surface platform. A
lower marine riser package ("LMRP") and subsea blawpreventer ("BOP") are typically

utilized for safety and pressure control. In agements in which the BOP provides the main



station via an umbilical. The umbilical typically carries hydraulic power and may include electrical
power, and communication for control and monitoring of equipment in or on the well. When completing
a subsea well for subsea production, a riser extends from a surface vessel and attaches to the subsea
well. A tubing hanger is lowered on a conduit (typically termed a landing string) through the riser and
landed in the tubing spool or wellhead assembly. A tubing hanger running tool, which is connected to
the upper end of the tubing hanger sets the seal and locking member of landing of the tubing hanger in
the wellhead oy similar apparatus TE% ﬁnq‘s ilical. extends. from the running tool alongs?ide he C§E uit
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e
inside thB3Rer 05 HERHE &P Bitof w@fﬂ’ﬁ?ﬂ% BE PR 93 § ML DY)
preventelgi E@OP;?r%re t¥pi(|:a(I:Ig %tri]liégd fgrﬁafteix. an% Dressure %ogtrol. In arrangements in which the
BOP provi OE MR Bali Por preggurg &on r'é"l?t € EW%BQ lly closes in on and engages the
outer surface of the landing string at a location above the tubing hanger running tool. [0003]With a

conventi UbSRAIB QR SATEHIIRAC QS 8L BER PAMBERUD LR L8R RLA RRNTRFRNY Rl at a

attachment of the umbilical to the landing string. BOP rams cannot seal around a conduit if the

umbilicalisiaengsidenyitaufeesng demicas BRdhe Wihcb s e mRAEr G he ipdidual
function lines to the tubing hanger running tool are ported through a "BOP spanner joint" that enables
space oy ebiulandine stringRad iHeirpysaablemelosrpbthaS Oumes, vWthews danmasatodhe
control functions. This arrangement presents an obstacle to the use of a surface BOP for subsea
completiggrrapeiiivasaththmspeng fipistionusidetoased) aidhges uinam tp esdicirerpsuigagHroagh
variable height depending on water depth that the umbilical must accommodate. Generally, also there
is an inhartB0sspaihtiemage 't thtitee naddd e speua it ofsthaingredrivpeaatiomsvbbn esedledtbivssubsta
drilling risers. For this reason, a means of providing power and control external to the drilling riser
system ishatBaytva BRIt thQE SaRH#9E ONXhE Eortthl DRAWTHG SiG0ot)Serthptdbentsaamebstacteich
the features and advantages of the invention, as well as others, which will become apparent, may be
understobe insemofedetdicea BoRfpaaithsea dostpiptionnbptreasveatipainiesfipistmusiretbabedcanay
be had by reference to the embodiments thereof, which are illustrated in the appended drawings,
which fothesspHACS! ibeatpecBcaliotd inigtyaiabletddidimeading thatwased reaptyshat shedenapilical
various embodiments of the invention and are therefore not to be considered limiting of the invention's
scope adTAiBCRENBEdRIfr ERnaitdeRlsedinesnts astapineisk of damage to the umbilical during

running and operation when used within subseairdgiltisers. For this reason, a means of

providing power and control external to the drijlinser system is attractive

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] So that the manner in which the features and adgastof the invention, as well as
others, which will become apparent, may be undedstm more detail, a more particular
description of the invention briefly summarized abomay be had by reference to the
embodiments thereof, which are illustrated in thpesded drawings, which form a part of this
specification. It is to be noted, however, tha thiawings illustrate only various embodiments
of the invention and are therefore not to be carsid limiting of the invention's scope as it may

include other effective embodiments as well.



[O005]FIG. 1 is a schematic view of a tubing hanger being run through a riser system and having an
umbilical attached between a surface mounted control station and a BOP orientation spool according
to an embodiment of the invention. [0006]FIG. 2 to is a schematic view of a tubing hanger being run
through a riser system and having power and control signals conveyed to the BOP orientation spool
from an ROV Controls Interface utilizing the ROV’ s umbilical in lieu of a dedicated external umbilical,
according to another embodiment of the invention [0007]FIG. 3 is a block diagram of the connection

between i gganda ack locate tool string accor n embodiment of the
o ertion RSB L 4 105 B REaA DL e AP TS EL BEPraSUSTELR Bdne
having an umbilical attached between a surface teduoontrol station and a BOP orientation

spool according to an embodiment of the invention.

[0006] FIG. 2 to is a schematic view of a tubing hangendpeun through a riser system and
having power and control signals conveyed to théB@entation spool from an ROV Controls
Interface utilizing the ROV’s umbilical in lieu @ dedicated external umbilical, according to

another embodiment of the invention.

[0007] FIG. 3 is a block diagram of the connection betwaerumbilical and a power pack

located on a tool string according to an embodinoétite invention.

[0008] FIG. 4 is a block diagram of a subsea control mednat would be mounted on the
tubing hanger system landing string, having an d¢tida receiver and power pack integrated

therein according to an embodiment of the invention

DETAILED DESCRIPTION

[0009] The present invention will now be described mofiey fhiereinafter with reference to
the accompanying drawings in which embodimentsefibvention are shown. This invention
may, however, be embodied in many different formd should not be construed as limited to
the illustrated embodiments set forth herein; nattleese embodiments are provided so that this
disclosure will be thorough and complete, and Willy convey the scope of the invention to

those skilled in the art. Like numbers refer k& lelements throughout.

[0010] A subsea well assembly is described with refereaddG. 1, where a wellhead 11 is

schematically shown located at sea floor 13. Weith11l may be a wellhead housing, a tubing



tubing hanger system landing string, having an inductive receiver and power pack integrated therein
according to an embodiment of the invention. DETAILED DESCRIPTION [0009]The present invention
will now be described more fully hereinafter with reference to the accompanying drawings in which
embodiments of the invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the illustrated embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be thorough and complete, and will fully
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embodiment. S complete ose access to the well in an event of an

emergenayanstardh e AmnYaRRc: PIBRMININE SVEHRLE, I R Mo54 L SR PEMLPHIELPY:

e.g.,an umbilical 69 leading to the surface platform 100 and control station [not shown].
event of an emergency, and will cut any lines pepwvithin the well bore. Pipe rams 17, 19 may

be controlled by, e.g.,an umbilical 69 leadingte surface platform 100 and control station [not

shownl].

[0011] A riser 21 extends from BOP system 18 upward, as&bkconnections between the
individual riser pipes to achieve the necessargtten Alternatively, riser 21 may utilize casing
with threaded ends that are secured together a$iagbeing typically smaller in diameter than a
conventional drilling riser to accommodate a swef80OP. Riser 21 extends upward past sea
level 23 to be supported by a tensioner (not shatit)e platform 100. Platform 100 may be of
a variety of types and will have a derrick and dra@rks for drilling and completion operations,
and may also have a local control station 102 ext#tereon for provision of power and control

of the subsea equipment.

[0012] FIG. 1 illustrates a string of production tubing R8wered into the well below
wellhead 11. A tubing hanger 31, secured to theeuend of production tubing 29, lands in
wellhead 11 in a conventional manner. A convemtidabing hanger running tool 33 releasably
secures to tubing hanger 31 for running and locking wellhead 11, and for setting a seal
between tubing hanger 31 and the inner diameteretthead 11. Tubing hanger landing string
37 which may be tubing or drill pipe and typicalhludes a quick disconnect member 35 at the

interface to the tubing hanger running tool 33 tedabelow rams 17, 19 of the BOP 18.
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[0011]A riser 21 extends from BOP system 18 upward, and uses connections between the individual
riser pipes to achieve the necessary length. Alternatively, riser 21 may utilize casing with threaded
ends that are secured together, the casing being typically smaller in diameter than a conventional
drilling riser to accommodate a surface BOP. Riser 21 extends upward past sea level 23 to be
supported by a tensioner (not shown) of the platform 100. Platform 100 may be of a variety of types
and will have a derrick and draw works for drilling and completion operations, and may also have a

local ol station 102 located t f ISi f d | of th b [ t.
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pipe and typically includes a quick disconnect member 35 at the interface to the tubing hanger running

tool 33 Iqgaieg bejoy samfHdd . He P thaBORkAd RisrRBRRS Ie@bRARR at@vszmrﬁﬁagsnsigbﬁ&and

tubing hanger 31 to be disconnected from conduit 37 in the event of an emergency. Rams 17 will be

able to claserAacsl peRlaIndaRiInG §idoy 53 vnd pImerlSaae CoRfigicarifsteablnpes siifarsZ in an

extreme emergency [0013]An umbilical line 81 may extend alongside, but is not within riser 21, and
suppliesjatgaitical pvegitooiu oo HilitRESRiviss poverimagkc e Uobdicg! e 8dtepnimsisesiovishin a
jacket, a plurality of conductive wires for connecting to the housing to control the various functions of
running toolkcldrandfauanipptal BB pecter régifrecircnahed8neRrtwipid qalgsnnkctor F3gsiggmiEnd
member of the adapter 15, or alternatively into a similar engagement member that may be integrated
within tharBéRyagsteeni 8namd e ofptheeadaptaddéop 6otz ttrtn sfaimifatuetigagematt tanarabeond
inductor 402 mounted within or adjacent to power pack 104 associated with the tubing hanger running
tool, as itithitamey ipeFite @ ate withinrits faOEtisystenylbhaiouweeesiay vahimierp¥tithas tbtieiers
running tool 33 and feedback of fluid pressures during testing, but principally transmit power to the
power patitietiyenpesternigirautieqeodeinviacintdZ 1 mayotedving asfradianesitatd ripeiele paaki@4ool
itself and any other functions that may be incorporated within the landing string system. As is routinely
carried CRESAGRIRR 146) S i) HAVaREEb Mentitid foCIRABRLRe: I9ohtat % pbRiSIHRsrePEHiisEPaR
orientation pin 57 mounted to the sidewall of adapter 62 below pipe rams 17. As cam slot 55 contacts
orientatichAiASUARIREAFHNYABNS PRSBIGRY RiviBFeEHAIFRIndPteR b ERAPASA R, AUt BERTRYIres

orientation relative to wellhead 11. Preferably, orientation pin 57 is retractable so that the orientation

pin 57 wtEGStHNGe RAORHRCHRAEY df ARRBHeP QST G TR cififith g SBIERAG SS9 fobiVith 2

means are practiced to a\chieve the same resuli, Ham%ﬁis gﬁ?eéfgre tubiﬂ% hanger in a known

orientatiG RS LEIR IRHTESEARE 8RR GRS aﬂ% BOYRLEE FEICURAR LR fhaY
be incorporated within the landing string systes is routinely carried out, running tool 53
may have an orientation cam or slot 55 that is tmysd to contact an orientation pin 57
mounted to the sidewall of adapter 62 below pipesrd7. As cam slot 55 contacts orientation
pin 57 while running tool 53 is being lowered, rimntool 53 will rotate to a desired orientation
relative to wellhead 11. Preferably, orientatiom 7 is retractable so that the orientation pin 57
will not protrude into the bore of adapter 15 dgrimormal drilling operations. Various other
means are practiced to achieve the same resulglpamdispose the tubing hanger in a known

orientation. This register is then used to orienthe external power receptacle 73 relative to the



mating inductive power connection 402 within the power pack 104 located above the tubing hanger
running tool 33. [0014]Subsea control module 104 is shown in FIGS. 3 and 4 and includes electrical
and hydraulic controls that preferably include a hydraulic accumulator 408 that supplies pressurized
hydraulic fluid upon receipt of a signal through umbilical 81. The function of subsea control module 104
is to effect operation of the tubing hanger-running tool and any other operable devices required to be
controlled by the landing string system by directing hydraulic fluid stored in fluid reservoir 408 and

412. A b trol module 10 t ti t
Cbiical B D EHSEA O h SO PBY e 2 el REVRREIT G 04t RO B9

extendsrk{ to a conrrrol %tai%% 102 mounted on platform 100. [0015]As shown in FIG 4 subsea
control modue 104 E8heRsEs power pack 402, subsea electronics module (SEM) 404, fluid reservoir
408, pump 410, directional control valve module (DCV) 406, and emergency reservoir 412. The power

pack 40%302 tp”séﬁlﬁ’éb@%ﬂ%l?’%&% AP GG HOPIES S ardid (iR fd EORIEERE Al Hhd

inductor ogether with the inductor 300 of the reciprocal connector 73 combine to create

essentially @ FaRSEMeNs AR SEIlashHba R ) ARRECARIAIBN2iETIeEE SAsH e SR 13 ARssan

AC voltage from one circuit to another, to thereby act as a power source for the second circuit. In this

instance h{ifid 0 As G SGEOINFEERT I COFHRAN AR GREMBAVET. aIPRE WiFlt o8l of biskkastiomalol

communications signal between the control station 102 to the subsea control module 104. As

mentionedoditepodeipacketiest adpeintbitetthé GUBE s garpiaiiagddIC/HAQ oy eiasroopdhable
electronics to convert some or the entire AC signal to a DC signal and vice versa for use by some
modulesdevitts evghirebitireeticnat cihedrbynieailamndirggessasiepebn dieitiey (hpdishdiefuidighirbe
used to convert the AC signal to a DC signal, and an inverter (not shown) could be used to convert a
DC signanfilond thee®& taraAC esigrgkiorytnasenvissididhcandbetseandsotmme200dmnoichoo@d2 104
combination.

connects inductively to an umbilical 81 that isdted on the exterior of riser 21, rather than an

interior umbilical. Umbilical 81 extends up to antrol station 102 mounted on platform 100.

[0015] As shown in FIG. 4, subsea control module 104 c@seprpower pack 402, subsea
electronics module (SEM) 404, fluid reservoir 4p8mp 410, directional control valve module
(DCV) 406, and emergency reservoir 412. The pguaek 402 comprises an inductor 302 and
associated electronics, e.g., an AC/DC converfdre inductor 302 together with the inductor
300 of the reciprocal connector 73 combine to eressentially a transformer. As one skilled in
the art will appreciate, transformers can be ugsmts an AC voltage from one circuit to another,
to thereby act as a power source for the secoraitir In this instance, the inductor 300
/inductor 302 combination pass power along with, eagbi-directional communications signal
between the control station 102 to the subsea@omiwdule 104. As mentioned, the power pack
may also include an AC/DC converter and DC/AC cotareor other electronics to convert some
or the entire AC signal to a DC signal and vicesaefor use by some modules and to enable

bidirectional communication. For example, a réetifnot shown) might be used to convert the



[0016]The SEM 404 receives a signal from the power pack 402 to power the functions thereof and
may further convert the signal to a digital signal for use by some of the electronic components of the
SEM, e.g., microcontrollers and other digital devices. In this way, the inductor 300/inductor 302
combination allows the umbilical to transmit both power and control signals from the control station
102 to the subsea well assembly from outside of the drilling riser 21. SEM 404 monitors and directs
control of the subsea equipment including all sensors, valves and external pumps and DVC modules,

i nt th t. A I S di t of SEM 404 I RE
41,173 ”%%@ﬁ‘éﬁ%‘ii&ah?aﬁ%‘é’%ﬁe%%#éinﬁé‘r‘@ﬁ@%g%mv DRGNS0V B SRS
o A e e B R S Ao
to the inductor 300/inductor 302 combination for communication to the control station 102. [0017]As

can be speRePCVE08REIAIE FELAR/ AU L9 TfoM 4RE 10oNHP Y- PG ROFGACHGII

reservoir 408 within the subsea well assembly using pump 410 to actuate flow. Finally, an emergency

reservoikddg Man R RIYSSH ERRdE ByslERdiad dikiRnyie s ane fsisnietonef BlugiBnic

reservoir 408 from, for example, a leak in the reservoir or any lines or valves in the subsea well

assemblyoApibraiing of theeeRrEryegy. reArNRibHiaepealesedigiteaEoRsshyHlenalvea§ e
crossover the input hydraulic supply to the DCV's 406 from the emergency reservoir, by-passing the

normallyiptiepoaGDaadutysr B0 csrpplydton deweserstifoand ermsling Haghchoke raddkioprasisure
to charge the accumulated emergency reservoir supply pressure to a prescribed level . As one skilled
in the arswilapretiabe, toveletativrd a2aother stawedl asseuiiblthiid mayitsidepgf ke Wridffectiseange
over of supply to the emergency reservoir and such embodiments are within the scope of the
disclosurl.[OBE 8] Adel opengbos aridicire oib cdmreh DOt ESHa] aqiliproenb endestnbedl. Wheorsubalges
hanger 31 is engaged in the wellhead, an ROV (not shown) engages orientation pin 57 to cause it to
extend. @ndraateynainBNEhgaded enmsiduEs aag ivtenevaibhnknprovlinlhe the désirexeatiglanyent as
running tool 53 moves downward. The ROV (not shown) provides the means to stroke orientation pin
57, the nfdaMeheagisignirad SENE40higichstiosrddrgnE. tndTaaipwiaterkhesanadiyaiets rneenphs/ed
to effect orientation of the tubing hanger on landing, such as a similar ROV pin to running tool cam
slot, or dffeceRedndCIain. dam RieMatPieaythe g Hasd@un Biesswing ispuReElyrecandoatitoV

connects the umbilical to reciprocal connector 73. This causes connector 73 to
sensors in the well bore to monitor the functiortted well. In such embodiments, SEM may

include, e.g., a modem so as to propagate the Isignam the sensors to the inductor

300/inductor 302 combination for communicationte tontrol station 102.

[0017] As can be seen, DCVs 406 operate at the directid®dEd 404 to output hydraulic
fluid stored in fluid reservoir 408 within the sealaswell assembly using pump 410 to actuate
flow. Finally, an emergency reservoir 412 may bgkyed to provide hydraulic fluid power in
case of a depletion of fluid in reservoir 408 frdor, example, a leak in the reservoir or any lines
or valves in the subsea well assembly. Activatdrthe emergency reservoir 412 operates a
conventional shuttle valve 999 to crossover thaiirpdraulic supply to the DCV’s 406 from
the emergency reservoir, by-passing the normalipnpuactivated hydraulic supply from the
reservoir, and enabling the choke and kill pressorecharge the accumulated emergency

reservoir supply pressure to a prescribed levehs one skilled in the art will appreciate,
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advance into engagement with receptacle 59. An operator at the control station then provides power to
the umbilical in order to transfer power and control signals inductively to receiver 402 in the power
pack 104 to the SEM 404 (control signals) and pump 410, thereby delivering hydraulic pressure to the
various lines via the SCM to cause running tool 53 to set tubing hanger 31. [0020]The operator may
also sense various functions, such as pressures or positions of components, through umbilical 81. In
such embodiments, the inductor 300/inductor 302 combination may act as a bi-directional

communijcations link between the control station 102 and the well head assembly. Typically, the
oporator oM A ARSCE A6 G ROGLE HE 15 JEb BRI 12 o ARG RYAE ) SUPBRA O may
be donet%%p[#%(in?qﬁgrer%ss%reéq %pedfluighin m af nuIrl S ignri@r Zlcwitholi%P 5 ¢ ossed around conduit
37. Alternately, & gymay be'G3Re lﬁ/ Gfig] g APEMSt 81p 15 PEMCI ? SFPHE shown in FIG.
4) to engage a test port 68 located in the sidewall of adapter 62. In that event, pipe rams 17 would be

actuated g apse fRURBHSEOANGCHHBSRSRMENCERTHIE the RYFNAHAC RISSHHER. O R8RS hg

between the seal of tubing hanger 31 and pipe rams 17. The ROV supplies the hydraulic pressure

through pRigiaraaliBresgHgaadstRPVRhBYdradiR EhgaRRIMERINICARTEISIY e heiad:

exerted into such chamber could be monitored through umbilical 81. [0021]In the embodiment of FIG.

2, a recippoeRiciNNestRh(itnne ¥ e eifyagaptes s IBRE FOLRLSORNRIHY TdIShecsamsedrSired
connector 61 of FIG. 4, except that rather than being connected to a control station as in FIG. 1, it has

a port thalighangagesd Dy GndROY 53 RENéT dimawanyentiond ippetbaiiy pavigsiethéorthassiiace

via, e.g., an umbilical 81 that connects to the controller 83, a wireless communications control, etc.
ROV 75 fiaske poisatasioun gennithintittnad ans deaibie efteepgivin o yiitaptover andjaemadtiatokr{oah
shown) disposed therein capable of modulating control signals onto the AC current waveform. For
examplenteerRMamaisbave eniiibpattdny effectectehtatiathettubtog foasgeplymtpdivgr sudheasibsea
well assembly. Preferably, the pressure source will comprise an accumulator having a sufficient
volume teimitakd&Oriépiationrpim8s) dndl reaiprolcdl cornlireEialTs dadeoptionaidatecdst!dve deatdiinging
hanger 31. [0022]In the operation of this embodiment, ROV 75 first connects to orientation pin 85 and
hanger in the tubing spool or tree.

[0019] ROV connects the umbilical to reciprocal conne@®r This causes connector 73 to
advance into engagement with receptacle 59. Amat@eat the control station then provides
power to the umbilical in order to transfer powadaontrol signals inductively to receiver 402
in the power pack 104 to the SEM 404 (control dgpnand pump 410, thereby delivering
hydraulic pressure to the various lines via the SlGMause running tool 53 to set tubing hanger

31.

[0020] The operator may also sense various functions, ssclpressures or positions of
components, through umbilical 81. In such embodisiethe inductor 300/inductor 302
combination may act as a bi-directional commundaseilink between the control station 102 and
the well head assembly. Typically, the operatoll wast the seal of tubing hanger 31 to
determine whether the seal has properly set. il be done by applying pressure to the fluid

in the annulus in riser 21 with BOP 25 closed atbuanduit 37. Alternately, testing may be



extends it, then is moved to reciprocal connector 73. After running tool 53 has landed tubing hanger
31, ROV 75 strokes reciprocal connector 73 into engagement with running tool 53 and thereby
transfers electrical power to the power pack 104 to set tubing hanger 31 and operate any other landing
string functions. Then ROV 75 moves over to test port 68 for providing hydraulic fluid pressure for test
purposes in the same manner as described in connection with FIG. 4. [0023]In each of the
embodiments described above, the power and hydraulic line or control line is not exposed well

pressures duri letion o eratlons These e e% nts hel r %lljc the risks of damagin
B cioaBRG 0 AT AR LR AED 0 o e ER R % 5} (S0 DR e
terminati oint withi the riser n |tla£% both of a s urfac BOP a
sosociateh RAR oS S AP Aods e kb i i T SR oo
reduce t ‘?118 \A%" e Iepin \h trol line
extendin S e T SR 2 P ﬁs%%%ﬁsteﬁ%b Gal o
[0024]In fhg Ags/2a4 %91%C£J 90 {lers hay &?fé'?\ﬂ'éﬁ#?@%’ APIEAER ?é Ingpt of
the mver%orﬁgégﬁg g%ough speci ﬁ?éterms are emrﬁoy he terms are use E escrlptlve ense
only and;aat foli BUEBOSRSf Eﬂpb’ﬁ}% hrNE AIRN BaErP@ﬁ{bEJ&ﬁHH%d ReERsidarakleingtalemty
specific reference to these illus d embodiments. 1t will be apparent, however, that various
modificafjaas;ape Ahangesr CaPednagRitEHN RS SPINE Scope of the invention as described in the
foregoing specification. WHAT IS CLAIMED IS:
[0021] In the embodiment of FIG. 2, a reciprocal conne@®ris mounted to adapter 62.
Reciprocal connector 73 is the same as connectaf 61G. 4, except that rather than being
connected to a control station as in FIG. 1, it hg®rt that is engaged by an ROV 75. ROV 75
is a conventional type that is connected to thé&sarvia, e.g., an umbilical 81 that connects to
the controller 83, a wireless communications cdnete. ROV 75 has a power source within it
that is capable of supplying AC power and a moaulétot shown) disposed therein capable of
modulating control signals onto the AC current wama. For example, the ROV may have a
DC battery connected to an inductor for supplyingwer to the subsea well assembly.
Preferably, the pressure source will comprise aumclator having a sufficient volume to

stroke orientation pin 85 and reciprocal conne@®rand optionally to test the seal of tubing

hanger 31.

[0022] In the operation of this embodiment, ROV 75 firehpects to orientation pin 85 and
extends it, then is moved to reciprocal connectr After running tool 53 has landed tubing
hanger 31, ROV 75 strokes reciprocal connectornf@ éngagement with running tool 53 and
thereby transfers electrical power to the powekdd to set tubing hanger 31 and operate any
other landing string functions. Then ROV 75 mowesr to test port 68 for providing hydraulic

fluid pressure for test purposes in the same maasdescribed in connection with FIG. 4.
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1. A subsea wellhead assembly having a completion landing string inside a drilling riser and
comprising: a power source for generating an alternating electrical current; a connector for connecting
the power source to a receptacle in the subsea well assembly; a first inductor electrically connected to
the power source through the connector; a subsea control module delivering power and control signals
to the subsea well assembly; and a second inductor spaced from the first inductor, and located in
the subsea control module, the second inductor positioned so that an EMF is produced on the second

ductor the alt t trical tis h the fi duc th t
o atorr g conlErit ?ﬁéb&gﬁﬁéﬁeﬁdé%%?%s%%ﬁdé%gaea%@é?iM e o SHEiE e
subsea control m dule furtherl cu es: &P a&}égﬁa}vm the mﬁHctor dIS ed th&e n the
power p El?aaap‘%e% FEEENE BrSﬁ%%%?mg cOf ent”s‘ ?JS‘ Pl seddid it {2t

part of the AIeI AN g G s LB rgge%%ré‘tﬁ%é%ﬁﬁegoﬂwé‘tﬁ’n%b%nee"'trFo“r%“?HES%'Pi%cé‘”\}jessel to the

running tool, or developing a leak at the termim@fpoint within the riser when employing either
or both of a subsea or surface BOP and associgpeshfer joints” as previously described.. The
embodiments in FIGS. 1-3 also help to reduce tlsksriof the issues associated with
conventional assemblies having the control linetereking through the riser while in fluid

communication with the bore of the wellhead assgmbl

[0024] In the drawings and specification, there have bdiclosed a typical preferred
embodiment of the invention, and although spetdiens are employed, the terms are used in a
descriptive sense only and not for purposes oftdiiwn. The invention has been described in
considerable detail with specific reference to ¢hillsistrated embodiments. It will be apparent,
however, that various modifications and changesbeamade within the spirit and scope of the

invention as described in the foregoing specifarati
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a subsea electronics module, powered by the power pack and receiving the direct current signal, the
subsea electronics module monitoring various measurements in the well head assembly, including
temperatures and pressures of various hydraulic lines and actuating directional control valves to
control a flow of hydraulic fluid to functions on the well head assembly and/or landing string. 3. A
well-head assembly of Claim 2, wherein the subsea control module further includes: a fluid
reservoir, connected to the directional control valves and a pump, the pump being driven by the

electrica H%p}iy@r(hwwﬁ ‘hydraulic fluid to the well head assembly or landing string from the fluid
reservoir.. 4. efl- sSembly of Claim 3, wherein the subsea electronics module controls the

pump to supply hydraulic fluid to the well-head assembly and/or landing string. 5. A well head
assembly of Claim 4, wherein the well head assembly further comprises a emergency reservoir of

hydraulic, fluid, ir includi I h ! ' b
the subsba clech SLIEo R e Mea o A Bl RO R AR L
A WeII-h%%%E% bly of Claim 5, wherein a choke and kill line pressure is used to activate the

serv

emergency r ir. 7. A well-head assembly of Claim 1, wherein a surface control signal is

modulated ontoatgg\ggfrﬁmr%gqu ﬁg%@raﬁir&%m%ﬁamﬁ{.pack demodulates the

alternating current signal produced on the second inductor to supply the subsea electronics module
with the surface, cJMrREHM8H connecting the power source ecaptacle in the subsea well assembly:

a first inductor electrically connected to the powource through the connector;

a subsea control module delivering power and obsignals to the subsea well
assembly; and

a second inductor spaced from the first inducod located in the subsea control
module, the second inductor positioned so thatMf 5 produced on the second inductor when
the alternating electrical current is passed thinaihe first inductor to thereby generate an

alternating current signal on the second inductor.

2. A well head assembly of Claim 1, wherein thesgabcontrol module further includes:

a power pack having the inductor disposed thetbepower pack adapted to receive the
alternating current signal from the second induatat to convert part of the alternating current
signal generated thereon into a direct currentadjgmd

a subsea electronics module, powered by the ppaek and receiving the direct current
signal, the subsea electronics module monitoringpua measurements in the well head
assembly, including temperatures and pressurearafus hydraulic lines and actuating
directional control valves to control a flow of hgdilic fluid to functions on the well head

assembly and/or landing string.
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8. A well-head assembly of Claim 1, further comprising: an adapter disposed on the well-head,
around a tubing hanger, the adapter including a tubing hanger orientation pin, wherein the
receptacle is located in the adapter, and is aligned to the tubing hanger orientation pin to align the
receptacle for the first inductor with the second inductor mounted on the tubing hanger running tool. 9
A subsea well-head assembly having a completion landing string inside a drilling riser and comprising:
a power source for generating an alternating electrical current; a connector for connecting the power
source to a receptacle in the subsea well assembly; a first inductor electrically connected to the power
source through the connector' a subsea control module delivering power to the underground well

assermbly and g SegpNd 1 LCler SRS LA AR LR SOl A0R SoRlSELIR HiRRYRRRR gL

a fluid reservoir, connected to the directionaitcol valves and a pump, the pump being
driven by the electrical supply and supplying hydiafluid to the well head assembly or

landing string from the fluid reservoir..

4. A well-head assembly of Claim 3, wherein thessabelectronics module controls the

pump to supply hydraulic fluid to the well-headexsbly and/or landing string.

5. A well head assembly of Claim 4, wherein thel\wehd assembly further comprises a
emergency reservoir of hydraulic fluid, the emeyereservoir including a valve that is opened
when pressure readings by the subsea electronidalenmdicate pressure has dropped in at

least one of the hydraulic lines.

6. A well-head assembly of Claim 5, wherein a chaiké kill line pressure is used to

activate the emergency reservoir.

7. A well-head assembly of Claim 1, wherein a stefeontrol signal is modulated onto the
current supplied to the first inductor and the popack demodulates the alternating current
signal produced on the second inductor to supm@ystibsea electronics module with the surface
control signal.

8. A well-head assembly of Claim 1, further comimigs
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module, the second inductor positioned so that an EMF is produced on the second inductor when the
alternating electrical current is passed through the first inductor to thereby generate an alternating
current signal on the second inductor.. 10. A well head assembly of Claim 9, wherein the subsea
control module further includes: a power pack having the inductor disposed therein, the power
pack adapted to receive the alternating current signal from the second inductor and to convert
alternating current signal generated thereon into a direct current signal; and a subsea electronics
module, powered by the power pack and recejving the direct current signal, the subsea electronics
module monitoR VAR BASE N HERCR o HeAs GBS AER, AR Eh RS and
pressures of Vﬂﬁious h)éﬁrgﬁ{g%gnes and actuating directional control valves to control a flow of
hydraulicL% Uit ?‘5‘@9‘3}5 NI valves of the well head assembly.

wherein the receptacle is located in the adaptet,is aligned to the tubing hanger
orientation pin to align the receptacle for thetfinductor with the second inductor mounted on

the tubing hanger running tool.

9. A subsea well-head assembly having a complégiating string inside a drilling riser
and comprising:
a power source for generating an alternating etattcurrent;
a connector for connecting the power source &xaptacle in the subsea well assembly;
a first inductor electrically connected to the gowource through the connector;
a subsea control module delivering power to theeoground well assembly; and
a second inductor spaced from the first inducod located in the subsea control
module, the second inductor positioned so thatMf 5 produced on the second inductor when
the alternating electrical current is passed thinaihe first inductor to thereby generate an

alternating current signal on the second inductor..

10. A well head assembly of Claim 9, wherein thizgsea control module further includes:

a power pack having the inductor disposed theteapower pack adapted to receive the
alternating current signal from the second induatat to convert alternating current signal
generated thereon into a direct current signal; and

a subsea electronics module, powered by the ppaek and receiving the direct current

signal, the subsea electronics module monitoringpua measurements in the well head
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11. A well-head assembly of Claim 10, wherein the subsea control module further includes: a fluid
reservoir, connected to the directional control valves and a pump it being driven by the electrical
supply and supplying hydraulic fluid to the well head assembly and/or landing string from the fluid
reservoir. 12. A well-head assembly of Claim 11, wherein the subsea electronics module controls the
pump to supply hydraulic fluid to the well-head assembly and/or landing string. 13. A well head
assembly of Claim 12, wherein the well head assembly further comprises a emergency reservoir of

cubsoa GBETORY: AOMROR LR Frkee o %ﬁ%ﬁ'&é’" S RE % B alDinee. 14,

well- hea%as emb of Claim 13 here oke l|| essu S sed to ctlv te th
emergency ré'onr‘\"} O%Fcf aévs%g an fgs ?%?rl |vgﬁJ vtvhe? 086 l% f@%lm 9,
further coné{P | s dapter dlsposed on the well-head, around a tublng hanger, the adapter
including a’tubing ﬁanger rientation pin,

11. A well-head assembly of Claim 10, wherein thiesea control module further includes:
a fluid reservoir, connected to the directionaitcol valves and a pump it being driven
by the electrical supply and supplying hydrauliddito the well head assembly and/or landing

string from the fluid reservoir.

12. A well-head assembly of Claim 11, wherein thiesea electronics module controls the

pump to supply hydraulic fluid to the well-headesbly and/or landing string.

13. A well head assembly of Claim 12, wherein tledl Wwead assembly further comprises a
emergency reservoir of hydraulic fluid, the emeyereservoir including a valve that is open
when pressure readings by the subsea electronidslenmdicate pressure has dropped in at

least one of the hydraulic lines.

14. A well-head assembly of Claim 13, wherein akehand kill line pressure is used to

activate the emergency reservoir, and the emerg&seyvoir is activated.

15. A well-head assembly of Claim 9, further coraimy:

an adapter disposed on the well-head, aroundiagtianger, the adapter including a

tubing hanger orientation pin,
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wherein the receptacle is located in the adapter, and is aligned to the tubing hanger orientation pin to
align the receptacle for the first inductor with the second inductor mounted on the tubing hanger
running tool. 16. A well-head assembly of Claim 10 wherein the power source is an umbilical
connected to a control station on a well platform, the umbilical providing power and control signals to
the subsea control module. 17. A well-head assembly of Claim 16, wherein the control signals are
communicated to the subsea control module by modulating the control signal on an alternating current

signal supplied tg the.inductor. 18. | hea embly of Claim 17, wherein an ROV modulates the
ool sonal e ﬁéﬁ%em%ase@ Y G RSB TS ALIS AP 118 BIGRRNIES the
alternating. current sign ed on the secon uctor to s the sub, e ctronics, module
with the 8%8{}{5"}?5. g %% |gn e receanc?e?or %e@n&uctorw%ﬁ?ﬁe Secon ?rmountedo

the tubing hanger running tool.

16. A well-head assembly of Claim 10 wherein thev@osource is an umbilical connected
to a control station on a well platform, the umtali providing power and control signals to the

subsea control module.

17. A well-head assembly of Claim 16, wherein thetml signals are communicated to the
subsea control module by modulating the contrataign an alternating current signal supplied

to the inductor.

18. A well head assembly of Claim 17, wherein arMR@bdulates the control signal onto
the current supplied to the first inductor andplver pack demodulates the alternating current
signal produced on the second inductor to sup@ystibsea electronics module with the control

signal.
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