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BACKGROUND OF THE INVENTION 1.Field of the Invention [0001] The
invention glalRssggneral ly to safety valves and devic Lt hin
a wellbore. 5 2.Description of the Related Art [0002] %ET#%Z&(%%G%O%?M
gas industry, subsurface safety valves are used as a neans of
stoppi ng the production of hydrocarbons in the event of an unexpected

cat astrophe or a planned shut down of a well. Mst subsurface safety
val ves are hydraulically controlled 10 fromthe surface facility by
connecting a hydraulic control line to surface punpi ng equi pnent.

Application of pressure at the surface is transnmtted to the safety
val ve to open the deELEECTREDNWVUIRELINE INSERT SARETYSVALYE! ypical |y
installed into the well as a part of the production tubing string.
Accordingly, these safety valves are typically referred to as tubing

retrievabl e safety val vegaACKEROUND OF TSE SNGENTIORt the TRSV fails
or stops functioning - . T

1. Field of the Invention

[0001] The invention relates geherally to safety valves and devices used within a
wellbore.
5 ‘2. Description of the Related Art
[0002] In the oil and gas industry, subsurface safety valves are used as a means of
stopping the production of hydrocarbons in the event of an unéxpected c;atastrophe ora
planned shut down of a well. Most subsurface safety valves are hydraulically controlléd
10 from the surface facility by connecting a hydraulic control line to surface pumping
equipment. Application of pressure at the surface is transmitted to the safety valve to open
the device. Subsurface safety valves are typically installed into the well as a part of the
production tubing string. Accordingly, these safety yalves are typically referred to as tubing
retrievable safety valves (TRSVs). In the event that the TRSV fails or stops functioning
15 properly, it is possiblé to install a smaller safety valve into the interior diameter of the
existing TRSV by running the smaller vlalve into the production tubing on wireline. The
smaller installed valve is referred to as a wireline insert safety valve (WLSV). The WLSV
operates off of the hydraulic pressure of the TRSV. Before running the WLSV into the
TRSV, it is necessary to create a communication chamber between the TRSV and thé
20  wellbore. Several tools or methods cén be used to accomplish fluid communication with
the hydraulic chamber of the TRSV. Once communication is established, the WLSV is

landed into the TRSV. A set of seals located on the upper portion and the lower portion of
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15 properly, it is possible to install a snaller safety valve into
the interior dianmeter of the existing TRSV by running the snmaller

val ve i nt gybheoRi@e4ICtion tubing on wireline. The smal lpfpisBsbaioks&d
valve is referred to as a wireline insert safety val ve (V\LS@?. The
WLSV operates off of the hydraulic pressure of the TRSV. Before
running the W.SV into the TRSV, it is necessary to create a

communi cati on chanber between the TRSV and the 20 wel | bore. Sever al
tools or nmethods can be used to acconplish fluid comunication with

t he hydraulic chanber of the TRSV. Once comunication is established,
the WSV is landed into the TRSV. A set of seals |ocated on the upper
por t i otheail. S\Vhiankd cakeve peorct belowdhe TRS\20THé 824 RBIBEErMt WSR2 0YIradbe 6id ftdme
WLSV | and above and bel ow the TRSV. The seals prevent the hydraulic
fluid ksecapiesieepihegvelibiore bhe aew thovd S\t spdraw dfhef the ydiaulio peritedi éine
off of the hydraulic control line of the TRSV. [0003] It is

probl egpinecTRGVUti | ize a wireline insert safety valve where the TRSV
uses 5 electrical power rather than hydraulic power to be actuated.

There i ! S !
wirel i KRRl PRI 1] JARETR Wirelife RREFARS, BRAnbf: SRETRSV uses
power e 2 e ol . . . e
ROTE1 § Siselrdcalf Febiththah BvalsElT Bheblcoe phRled SlRipihnbdfcarnl for
are extrenely cprrosjve environments. Solids can build.u e d
o eas SRR, R B S PoBR i, 30 afelne gRarEEaicar cgritah, § T EST s
electrical, plug or port for electrically mating the TRSV and WSV,
woul d’ Fl%ﬁlcﬁlhbge\t!ﬁﬁépde%p'és‘g&'%'ﬁ&o frapsrag %QTW%@%W% te @W@Zm a reliable
el ectrical connection difficult, if not inpossible. SUMVARY OF THE
| NVENTM@Nne[.odéynhae anvirentests preofilieft withedelitss ane ractieaely gerrosive
utilizing an electrically-actuated 15 wireline insert safety valve
and f oendednments.ndSqlidaesan builth uplascexpasad| greastaiz dawmhSe velvehdotluding
use of wired contact. In a preferred enbodi nent, inductive charging
i s 1usedlecticdbtontacts adinuslectrigalgouge or pord forlddRBally onatingl 168 . TRIBMV ard &YISV
preferably no exposed netallic contacts to corrode, and the ,
el ectr aouRl HERpdetomBt Sxpused el @llablith skriedot maRé exreBlectiRiE Eonnection
corrosion or physical damage from debris within the well bore.

difficult, if not impossible.

SUMMARY OF THE INVENTION

[0004] The invention provides methods and devices for utilizing an electrically-actuated

15 wireline insert safety valve and for delivering power to an electrically actuated WLSV
without the use of wired contact. In a preferred embodiment, inductive charging is used to
deliver actuating power from a TRSV to a WLSV. There are preferably no exposed
metallic contacts to corrode, and the electronic compartments are preferably sealed to
prevent water corrosion or physical damage from debris within the wellbore.

20 [0005] In a described embodiment, an electrically-powered tubing-run safety valve is
provided with an induction charging coil that is sealed within the valve housing. A wireline-

run insert safety valve is also provided with an induction charging coil that is operably



20 [0005] In a described enbodi ment, an electrically-powered
tubing-run safety valve is provided with an induction charging coi
that is segbegiowidshs n the val ve housing. A wirelinerun gdcgaRbiooddtest ¥
valve is also provided with an induction charging coil that iIs
operably WD 2010/ 014398PCT/ US2009/ 050669 i nterconnected with a val ve
actuator assenbly that is operable to cause a safety val ve nenber,
such as a fl apper nenber, to be operated within the safety val ve.

[ 0006] In an aspect of the present invention, the W.SV nay be
selectively inserted into the production tubing string which carries
the TRSV. The WSV is preferably |landed within 5 a landing profile
associ aitedomhddied ithTREMve \Hoturatbaaskethbly ltreatiinidpetabtentcbausy agafaty valve
of the TRSV and WSV becone substantially aligned to form an

i nduct menisruphdhngs a Fapp&n miehtber N6 bensperated withheir@ fifegoiadlvedf t he
TRSV wi | | transmt electrical energy to the coil of the W.SV. The

trans ”Bﬁd(%i ta‘sbé@t'of ﬁ?l@{)gﬁésgfmkﬁéﬁ%nt &&MW tﬁa% Be s\é\le@tfvéﬂ?ﬁﬁé%rted mﬁo

act uat y and n an alternative enbodi nent,
tr gp;g}eﬁe Jﬁggaégloﬁ'tsghg Sfiplg PR e 1R FREUBHY VALY Rbrlfedt &laﬁdgmﬁaﬁ
L A S
oper ab ﬁ@ta% REceme ﬁgl)%@g{ﬁ t)’afae@ F% P8y ?ré?é‘?@\’r%l%‘?”p#r?g'
this i nstance the wWreless transmtted will command the W.SV to

r emai nENAraizieg Bisdndysdionchargingpell efifee WRSY wilkfrapsmii lnsirical pnevgy e thecsth
t he cl osed E;\ISI tion to the open position. Thereafter, current
suppl i efithe WikaVW e trepamittes plestiical eneighds ¢ised tooadtuaie theeWHS/valve
Wil retain the W.SV in the open position. The WL.SV can be cl osed by
deener gelziatey adsenibiylaoti safetyhwalge.ngincan laltemative arRiSWingot, the transmitted
10 electrical energy is preferably stored within a charge storage device in the WLSV, and the
stored electrical energy is thereafter used to actuate the WLSV valve actuator assembly
and safety valve.
[0007] In certain embodiments, the WLSV may be actuated from the surface by a
wireless signal to a wireless receiver that is operably interconnected with the WLSV valve
15  actuator assembly. In this instance, the wireless transmitted will command the WLSV to
remain in the open posftion, and the WLSV valve member will move from the closed
position to the open position. Thereafter, current supplied to the WLSV from the inductioh
charging coil in the TRSV will retain the WLSV in the open position. The WLSV can be
closed by deenergizing the induction charging coil in the TRSV.

20

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The advantages and further aspects of the invention will be readily appreciated by



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The advant ages and furt her
aspects of the invention will be readily appreciated by WO

2010/ 014388553809/ 050669 t hose of ordinary skill @Ftrﬁﬁz(%/ﬁso%

t he sane becones better understood by reference to the | ow ng

det ai |l ed description when considered in conjunction with the
acconpanyi ng draw ngs in which |ike reference characters designate
like or simlar elenments throughout the several figures of the

drawi ng and wherein: 5[0009] Figure 1 is a side, partial
cross-sectional view of an exenplary wel |l bore containing a production
string with subsurface safety val ves constructed in accordance with

t he pr t#hosatof ordiearyiskill. in {d af]askhg samebeconsesshetizr undestoskbby refeince to
vi ew of an exenplary tubing-retrievable safety valve, in accordance
W th tine follesiagdetdied Ricsorption witer! dehsiddree in corfjunatioa withahé iagosapasying
rof0011]Figure 3 is a side, cross-sectional view of the

t ubi ngdFRNinidseM MHich Pl @fereMad M@ar&&@mdééigrlﬁatguik@o.?s.nm@wevememtﬁr@@&ghout
configuration. [0012] Figure 4 is a side, cross-sectional view of an

exenpl geYsebfL kil Gﬁesldf%?é HraRh& bdd Vible¥&inconstructed in accordance with
the present 1 nveéntion.
5 [0009] Figure1isa Slde, partial cross-sectional view of an exemplary wellbore containing
a production string with subsurface safety valves constructed in accordénce with the
present invention.
[0010] Figure2isa side, cross-sectional view of an exemplary tubing-retrievable safety
~ valve, in accordance with the'present invention, with the valve in an open configuration.
10 [0011] Figure 3 is a side, cross-sectional view of the tubing-retrievable safety valve
shown in Figure 2, now in a closed configuration.
[0012] Figure 4 is a side, cross-sectional view of an exemplary wireline insert safety valve
constructed in accordance with the present invention.
[0013] Figure 4ais an enlarged side cross-sectional view of poﬁions of the wireline insert
15  safety valve shown in Figure 4.

[0014] Figure 5 is a side, cross-sectional view of the wireline insert safety valve inserted

within the tubing-retrievable safety valve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 [0015] Figure 1 illustrates an exemplary wellbore 10 that has been disposed within the
earth 12 from the surface 14 and down to a hydrocarbon-bearing formation 16 from which

it is desired to obtain hydrocarbon production fluid. The wellbore 10 is lined with metallic



[0013] Figure 4a is an enlarged side cross-sectional view of portions
of the wireline insert 15safety valve shown in Figure 4. [0014]

Figure 5 iwo3o®jodRes Cross-sectional view of the wreliRRrRSaHH50660
safety valve inserted within the tubing-retrievable safety val ve.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 20 [0015] Figure 1
illustrates an exenplary well bore 10 that has been di sposed within
the earth 12 fromthe surface 14 and down to a hydrocarbon-bearing
formation 16 fromwhich it is desired to obtain hydrocarbon
production fluid. The wellbore 10 is lined with nmetallic WO

2010/ 014398PCT/ US2009/ 050669 casing 18 in a manner known in the art.

Per f or a&sing $8 #a aradnkokm@eh inthe agth Penferatasis 20 alé fanidithtoughltiee casing 18
formation 16. [0016] A production tubing string 22 is disposed w thin

t he wehh® a6 thlformatdomnsannul us 24 is forned between the production
tubing string 22 and the casing 18. A central axial 5 flowbore 23 is

def i nerg's?Eg\ ;Sr%u!:tﬁdgﬁ@ﬁlr fstFir"ﬂ&é?ié)cﬂé'ﬁéée‘aﬂNﬁHi'MHégwéﬁHer@roﬁziénc{)&ﬁ ahh@é

of flu erethro e production tubing string 22 e made

b of 9 TINRE A REPRRCALORUCA LA S 29 Pl HOG-SRETRNIR coltl B

manner “known 1n uctron ing s

22 1) R A SOl o Bl oS RSB MR NP i

whi ch !nhs’erétﬁgo%tgﬁq The production tubing string 22 may be made up of a number of threaded

production tubing string segments, in a manner known in the art. Alternatively, the

production tubing string 22 may be formed of coiled tubing. The production tubing string

22 includes a ported production nipple 26, of a type known in the art, which is located

10  within the wellbore 10 proximate the perforations 20. Packers 28 isolate the production
nipple 26 within the wellbore 10.

[0017] The production tubing string 22 also includes an electrically-powered tubing-

retrievable safety valve assembly (TRSV) 30 above the production nipple 26. An electrical

power supply cable 32 extends from the valve assembly 30 to the surface 14 wherein it is

15  operably associated with a power source 34. The safety valve assembly 30 is preferably a

flapper-type safety valve which is operable between cben and closed positions to

selectively block fluid flow through the production tubing string 22. The TRSV 30 includes

a tubular outer housing 36 which defines a central axial valve bore 38 which is aligned with

the flowbore 23 of the production tubing string 22. The valve bore 38 contains a landing

20 profile 40. In addition, seal boreé 42, 44 are located within the valve bore 38. The seal

bores 42, 44 are smooth bore portions that for packing stacks of seals on a component

disposed inside the valve bore 38 to seal against the seal bores 42, 44.



10 within the well bore 10 proxi mate the perforations 20. Packers 28
i solate the production nipple 26 within the wellbore 10. [0017] The

product i onyhYhiogsssd i ng 22 al so includes an electri callchfngE%g,{)ﬁ,g@
t he

tubing- retrievable safety val ve assenbly (TRSV) 30 above

production nipple 26. An electrical power supply cable 32 extends
fromthe valve assenbly 30 to the surface 14 wherein it is 15
operably associated with a power source 34. The safety val ve assenbly
30 is preferably a flapper-type safety val ve which is operable

bet ween open and cl osed positions to selectively block fluid flow

t hrough the production tubing string 22. The TRSV 30 includes a

t ubul af08] erThechmisimy Fpofihiectaheedsses a3 antudels aaxindlctionl chardgiog eoiB86
which is aligned with the flowbore 23 of the production tubing string
22. Thehivhliy preferablyJailycendicdatiswithih eechoi@ingZ3b dridddpagaté frohithadadiviel bde
seal bores 42, 44 are |located within the valve bore 38. The seal

bores 48, TA4 imfRtSTERARIMOE m%fo!p@%lyg]ﬁﬁocfé?éd RA Fﬂwgowéxaﬁmlwéame 32

seal s on a conponent disposed inside the valve bore 38 to sea

agai nsko {hg 15eabil BOHRY t?e?%a é@ized‘%ﬁ%&Wﬁéﬁﬁ@%PéW%&bb_32 is

[ 0018] The housing 3670 e val ve asse uction

SnaL5) B AP A A S et

housi ng separ a rom

char gi il 46 | erably associated with the, power s abl

32 o Pllac et ited BT RS I RRRBPEREM bt AT ARLREt Bo! EF Vhive
power supply cable_32 is, 5 also operably assocjated with g flapper
Dalve BeRAssemaNpd il bies2umen o huismaaris baladmamberhs hatgBovaoly
actuator 48 is_interconnected_w th valve piston assenbly 50, The

val ve BFBPW wihia Mg 9V'@Gef Pel LB pistorpneiier e iis 'ﬁéﬁﬁo@”ﬁeéﬁﬂjwﬁh piflewdnbe
menber 54 that is novably disposed within the cylinder 52. The piston
nenber 58 yhich ¢antiolcibemasition olinivetable fleppeimenber ahi isra mennedknowmis the
position of pivotable flapper nenber 58, in a manner known in the 10
artio Tae. flhepfsppenmrdebers® issa &nkwowievidewrhieh ishinolkiealsle raboatpivet phioti$9
pi vot point 59 between an open position, illustrated in Figure 2,

wher ei betileencinrapenpasitionhiflosteated ineFigateva whersin 88id raaypasscthes gyt the valve
position, illustrated in Figure 3, wherein fluid flow through the

Mapmor ameanea Masesn st bna e obhe S e g tpeun g e
posi tigare IR hlbeked BP e fapSerTRERMRE 8. As is known, the flapper member 58 is
biased by a torsional spring toward the closed position. The flow tube 56 is moveably

15 disposed within a radially enlarged bore portion 60 of the valve bore 38. The flow tube 56

is biased toward the closed position by a compressible power spring 61, of a type known in

the art. This spring bias provides for the valve assembly 30 to have a fail-safe mode such

that, in the event of loss of a control signal from the surface (e.g., an electrical signal via

cable 32), the power spring 61 will lift the flow tube 56 (see Figure 3) and allow the flapper

20  member 58 to rotate to its closed position. When the flow tube 56 is in a lowered position

within the bore portion 60, as depicted in Figure 2, the flow tube 56 retains the flapper

member 58 in the open position. When the flow tube 56 is moved to an upper position



15 disposed within a radially enlarged bore portion 60 of the valve
bore 38. The flow tube 56 is biased toward the closed position by a

conpr essi b8 pRWsizosPri ng 61, of a type known in the arIICT{[}glgj,@@%ggg ng

bi as provides for the valve assenbly 30 to have a fail-safe nbde such
that, in the event of loss of a control signal fromthe surface
(e.g., an electrical signal via cable 32), the power spring 61 wl|l
lift the flow tube 56 (see Figure 3) and allow the flapper 20 nenber
58 to rotate to its closed position. Wien the flow tube 56 is in a

| owered position within the bore portion 60, as depicted in Figure 2,
the flow tube %retains the flapper nenber 58 in the open position.
When t mdthin the harbegpdBiton §0 nihvecitapper areniipgred8 puwesitoits olBed position against
2010/ 014398PCT/ US2009/ 050669 wi thin the bore portion 60, the flapper
menber vaBemerabet seattt®, ak depittgabmi Kigure 1 g@ha fiappal watvenactbator 48 ambaydide a
as depicted in Figure 3. The fl apper valve actuator 48 may be a fluid

punp, Auiigdudip, BMmotdreah elRTRONRRIghEtIc SbIensit dor &1 elabireélhgaiaulic ByWiagstidevice
actuat or device which is operable to cause novenent of the piston

menber wfchis idpefabid & 84 8e0ofathbRUSTthS plaon MAResE I5UakitHN the pistﬁg cylinder

el ectro-hydraulic valve actuator is described in U S. Patent

6, 269, %4 grtifdble GBS LIAlalvehciatbAt QRS criiRd ifuZd Dbt NoS6 280854
t he g I S ?

by the assignee o present i nvention an her eby incorporate

BB o 881, eh NN B8 7 id LLASA L6 Mner o o

exenplary wireline |1 nsert safe I'srn
saf et y ROAEPL PG Ao B e B icofiseEfra e GBI IR PUACIEITGEy val ve 30
tubut alS6y Elaite TR REn SrerRag hesbae Mnerisese el Bt RirserAde
?’2' \é:f ?n%égwégm%gc{ixtutblijn% Qt%ng g_g_ asn?ifseegzzra\t/)?el \\//vgh iﬁqthe ﬁjnbil"?g;( iru%I s;felat?/v\\lgﬁlfe%oﬂénl
10 the event that the tubing-run safety valve 30 fails to operate. The wireline insert safety
valve 70 includes a tubular valve housing 72 which is shaped and sized to fit within the
valve bore 38 of the tubing run séfety valve 30. An axial flowbore 74 is defined along the
length of the valve housing 72. The valve housing 72 is securéd by release pins 76 to a
wireline running tool 78. The housing 72 carries a plurality of latching keys 80 which are
15 biased radially outwardly by compression springs 82. A flapper member 84 is also located
within the flowbore 74 and is pivotable about pivot point 86 between open and closed
positions within the flowbore 74. As with the flapper member 58, the flapper member 84 is
biased toward a closed position by a torsional hinge spring. An axially moveable flow tube
88 is retained within a radially enlarged portion 90 of the flowbore 74. The flow tube 88 is
20  spring-biased by an axially compressible power spring 91 (see Figure 4a) toward a position

that would lift the flow tubé 88 and allow the flapper member 84 to be closed. The flow

tube 88 serves the same purpose in controlling the ﬂapper member 84 as the flow tube 56



| ength of the valve housing 72. The valve housing 72 is secured by
rel ease pins 76 to a wireline running tool 78. The housing 72 carries

a pluralityoghioloddssdi Ng keys 80 which are 15 bi ased ragj
outwardly by conpression springs 82. A flapper nenber gﬂﬁ%ds?&g /2500669

| ocated within the fl owbore 74 and is pivotabl e about pivot point 86
bet ween open and cl osed positions within the fl owbore 74. As with the
fl apper nenber 58, the flapper nenber 84 is biased toward a cl osed
position by a torsional hinge spring. An axially noveable flow tube
88 is retained within a radially enlarged portion 90 of the fl owbore
74. The flow tube 88 is 20 spring-biased by an axially conpressible
power dges ingoditol(isgtheFianfigeradial of thedtappar mesibier 68. Alpair ohexteohal fidid sedie
flow tube 88 and allow the fl apper nmenber 84 to be closed. The flow

t ube 883 sadiaiBssurfvringanite Palve Gdasing 70qBés Fidureg).t he fl apper menber 84

astheflowtube 56 ‘

[0020] An electric flapper member actuating assembly, generally indicated at 92, is
preferably housed within the housing 72 bf the valve 70. The flapper member actuating

5 assembly 92 includes an induction charging coil 94 which is preferably sealed within the
housing 72 so as to not be in contact with either the flowbore 74 or the radial outer surface

of the tool 70. The induction charging coil 94 is operably interconnected with a charge
storage device 96, such as a rechargeable battery. The charge storage device 96 is
}operably interconnected with a valve actuator, shown schematicélly at 98. In an alternative

10 embodiment, the coil 94 is directly connected With the valve actuator 98 such that
energizing the coil 94 Will cause the valve actuator 98 to be operated. In one preferred
embodiment, the valve actuator 98 also includes a wireless receiver that is operable to
receive a wireless signal from a surface-based wireless transmitter 99 and, in response to
receipt of such a signal, will generate a command to actuate the associated valve piston

15 . assembly 100. The valve actuator 98 is interconnected with valve piston assembly 100.
The valve piston assembly 100 includes a piston cylinder 102 and a piston member 104

that is movably disposed within the cylinder 102.- The piston member 104 is interconnected

with the ﬂow tube 88 which controls the position of pivotable flapper member 84. When

the valve actuator 98 is actuated, the spring bias provided by the power spring 91 is

20 overcome by the actuator 98. The valve actuator 98 may be a fluid pump, a motor, an
electromechanical solenoid, or an electro-hydraulic actuator device which is operable to

cause movement of the piston member 104 within the piston cylinder 102. Upon loss of



WD 2010/ 014398PCT/ US2009/ 050669 does in controlling the configuration
of the flapper nenber 58. A pair of external fluid seals 93 radially
surrounds whH8oNahases housing 72 (see Figure 4). [0020] %Tﬁ}s%ﬁfok(ﬁw

fl apper nenber actuating assenbly, generally indicated at 92,
preferably housed within the housing 72 of the valve 70. The flapper
menber actuating 5 assenbly 92 includes an induction charging coil 94
which is preferably sealed within the housing 72 so as to not be in
contact with either the flowbore 74 or the radial outer surface of
the tool 70. The induction charging coil 94 is operably
interconnected with a charge storage device 96, such as a

rechar pewét ® that\vadreyactlibor @8atigevalve negebaledd witl [B6closed peedbltlye fail-safe
i nterconnected with a val ve actuator, shown schematically at 98. In
an al t epriraf biue ol thegpdvash speing .01t he coil 94 is directly connected with
the val ve actuator 98 such that energizing the coil 94 will cause the

val ve mgMpt origlf 4 GeB%té)lP@rWL@JJ 70 arRiRe Jekcaiely WRRInGRB Qdivesitre 38*’61‘ the

val ve actuator 98 al so includes a wireless recel ver that is opera

to receRe® 4 %\5 fr%{gﬁ%ske%)s%f the QR S 4 %P@%?c A the 'ia?{o‘?rf?;?rome 49 of the

transmtter 9 I n‘response to recel pt SUCh a Si

gggg;gfa%u%w%%%ﬁﬂgméorﬁ@ 48! 0% g%s?ési&l Gio Sr% 4EhYg nrﬂgiﬁé’ﬁ@l% Rigfile 40,

| ve“actuat or erconnecte
pi ston,ass 00.. The ssenbly .100.i ncl udes i ston.
Py naliE HEaeh arqsm%'hgﬁeﬁ%&%ié%ﬁaﬂn PRRDARGE mdysﬁ%ﬁpm%"
the cylinder 102  The piston nenb is inter connect% % %tﬂg i
flow t 4@ST e W§¥r§0c%¥?f‘rt813tse'?ﬂé'°ﬂc?§19tf %‘Fﬁfb'?e Sﬁ%‘iﬁV&b‘l Eangferpedo &P
84. Wen the valve actuator 98 is actuated, the spring bias provided
by t he4pdadhe spili9%gviainductiop chaesieandt p3n bReegatiiemdrige. 5 that, whrydhe
actuator 98 may be a fluid punp, a notor, an el ectronmechanical .
sol enowieling inagrt ealee 70 és lapdecwithin the tamdir@rprdiﬂe “Oethatindiietior clorginglsoi 94
to cause novenent of the piston nenber 104 within the piston cylinder
1020 UpDthel WESVOTO0 is\iDefZDal0ly @EA3E8IPElig his? B HDb ha6etigoviearging ddiletovat] the
actuator 98 the valve nenber 84 will be closed due to the fail-safe
spri ngTRIS¥s3®{o fohh apanetictiverdongliryl - Energizing the coil 46 of the TRSV 30 will cause
the coil 94 to be energized via inductive charging. When the WLSV 70 is landed within the
landing profile 40, the fluid seals 93 on the outer radial surface of the WLSV valve housing
72 form a seal against the seal bores 42, 44 of the TRSV 30.

15 [0022] In operation, the WLSV 70 may be used as a back-up valve in the event that the
TRSV 30 fails to operate. When the TRSV 30 fails, the WLSV 70 is affixed to the wireline
running tool 78 and is run into the tubing string 22. The WLSV 70 is lowered through the
production tubing string 22 until the keys 80 of the WLSV 70 become latched into the
landing profile 40. Following landing, electrical power is transmitted from the surface

20  through the cable 32 to the induction coil 46 of the TRSV 30 to energize the coil 46. Via

induction charging, electric charge is transmitted from the outer coil 46 to the induction



[0021] Figure 5 depicts the WSV 70 | anded securely within the val ve
bore 38 of the TRSV 30 so that the keys 80 of the W.SV 70 are | atched

into the l\ppdh @ L6pfile 40 of the 5 radially surroundipgpg Yosod
When the keys 80 are latched into the |Ianding profile 4% [U-Eﬁﬁ/o o

i nduction charging coil 94 of the WSV 70 is in proximty to the

i nduction charging coil 46 of the TRSV 30 such that electrical energy
can be effectively transferred fromthe coil 46 to the coil 94 via

i nduction charging. It can be seen fromFigure 5 that, when the
wireline insert valve 70 is landed within the |anding profile 40, the
i nduction charging coil 94 10 of the W.SV 70 is preferably generally
al i gnechavigirty adil®4i aitheWLSYV ¢har e trgnsoitted 4G otrical bleargRBst8Redtio tHestonaga
i nductive coupling. Energizing the coil 46 of the TRSV 30 will cause
t he coidevigd 96 ar eteemativelyz aged toadirettly edtainehe Aapggrmgemidbein tihd opaf/p&itior)
is landed wthin the landing profile 40, the fluid seals 93 on the

outer reoixn! \aned aeariient BmolhEM aa&nvi@aﬂ&ﬂugj&%sveefrﬁfdnsm&@@{o taeewmv
the seal bores 42, 44 of the TRSV 30. 15 022] In operation

IS orma v varoe s oha i B
e v A A RAP, I AR, M TG
10 Fobletiig iy Hereaein FECKR B, e SRl Plc e v
Surtecy ér?a%Bé%%B At Sk 5 R S 5
s tr a?nse%tgér%%zlftg %rg r%g\?edoel&lgﬂy \ﬁ]%lrlr trf1960yllnderh1602 snodtl#ét the flow tube 88 is moved
axially downwardly within the housing 72, resulting in the flapper member 84 being moved
10 \ to the open position. In the event of a loss of power to the charging coil 94, the flapper
member 84 would rotate to the closed position as the power spring 91 moves the flow tube
88 upwardly.
[0024] Use of the wireless transmitter 99 to operate the WLSV 70 is preferred when used
in connection with a charge storage device 96. In this instance, the WLSV 70 would be
15 again run into the production tubing string 22 in the closed position. Transmission of power
from the surface to induction charging coil 94 will then store electrical charge within the
storage device 96. When it is desired to open the WLSV 70, a wireless command is
transmitted from the transmitter 99 to the valve actuator 98.
[0025] The WLSV 70 may alternatively be actuated to close the flapper member 84 by
20 transmitting a wireless signal from the transmitter 99 to the valve actuator 98. The valve

actuator 98 causes the piston member 104 to be moved axially within the cylinder 102. As

the piston member 104 is moved within the cylinder 102, the flow tube 88 is moved axially

10



WD 2010/ 014398PCT/ 1182009/ 050669 charging coil 94 of the WSV 70. The
transmtted electrical charge is stored in the storage device 96 or,
al ternati webyeroldeRes t0 directly retain the flapper nmeneq ishobpRsRPEN
position. [0023] When a sufficient anount of electrical charge has
been transmtted to the WSV 70, the WSV 70 may be sel ectively
actuated to nove the flapper nmenber 84 between its 5 open and cl osed
positions. In one preferred enbodinent, the WSSV 70 is run into the
production tubing string 22 in the closed position. Once sufficient

el ectrical charge has been transmitted to the induction charging coi
94, the valve actuator 98 causes the piston nenber 104 to be noved
axi al | ypwatdly with mespmat ito they sWBGuUEiing hatsihd &2 ftb aliowitbe flaBpersmembed 84 to
axially downwardly within the housing 72, resulting in the flapper
-menber r&atedRi g clsvEe posRiohotHdrebyp pikipgSiuid Gow throughetheflwibopd 74 dfdke
of power to the charging coil 94, the flapper nenber 84 would rotate

to the h@hgﬁ%crzpq;ué P thedSed] RermRY\BEWeRNIthE sBalsY @3 dffiBe fIRBYV BokMd3Re
upwar dl y 024] Use of the wireless transmtter 99 to operate the

WSV 7ﬂoh§n§'79fdff thée vV U éﬁ? Al ﬁ@{‘/ﬂgg&%{ﬁeméﬁbﬁe 8Baif9Re TRE\AIE and

devi ce 96 n this instance be 15 again run into

o oy DGR Y Bing 22 iR .nﬁﬁc°f°§§d§karg. r@&?o.¢“§ﬁr§v§?PST e O
322{&@5@@ E@ iy %@gﬁ%@ D RRER G S Tty Veve ARt hahfpatwin

the transm tter 99 tq the val ve actuator 98, 0025 The SV
al t er naloW a1 f?%boo{e@&é%félae productiantubing %tr'%@)a% '@P“‘@AYWF?Q ot 1o Huid

transm tti ng wireless signal fromthe transmtter 99 to the val ve
act uat fpwggenimbegyenidhatthediRsyV 38 beerrses incperaplesanthismsripeger able te glope
noved axially within the cylinder 102. As

off fluid flow through the flowbore 23.

10 [0027] The foregoing description is directed to particular embodiments of the present
invention for the purpose of illustration and explanation. It will be apparent, however, to
those skilled in the art that many modifications and changes to the embodiment set forth

above are possible without departing from the scope and the spirit of the invention.
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t he piston menber 104 is nmoved within the cylinder 102, the flow tube
88 is noved axially WO 2010/014398PCT/ 1J 82009/ 050669 upwardly with
respect to the surrounding housing 72 to allow the fl apper nenber 84
torotate to its closed position, thereby blocking fluid flow through
the fl owbore 74 of the housing 72. Due to the seal forned between the
seals 42, 44 of the TRSV 30 and theCbAIM$ng 72 of the WSV 70, any
fluid flow through the flowbore 38 of the TRSV 30 and 5producti on
tubing string 22 is thereby bl ocked by the flapper nmenber 84. [0026]
The TR@YAG apfddRY 70 collectively forma safety val ve arrangenment
that will allow the flowbore 23 of the production tubing string 22 to
be selectively closed off to fluid flow even in the event that the

TRSV 30 becones inoperable and is no longer able to close off fluid
f1 ow t Ar ough &af@tyfwa&ms@n@y fa[stectyelyiosing effandgerening flgdiflow thsough

directed to particular enbodi ments of the present invention for the
pur posae flofvbioré aka matibore, redsafetyl v assembly cainplising: appar ent ,
however, to those skilled in the art that nmany nodifications and
changes to ahlalverhebeetiat $emadveable mEHiveen anepeogsisition, wWhichgintfluid flow is
departing fromthe scope and the spirit of the invention. CLAI M5
What i pefhided®Hrdugh the flowbore and a closed position, wherein fluid flow through the
flowbore is blocked by the valve member;
a valve actuator for moving the valve member between its open and closed
positions;
an electrical power source powering the valve actuator; and
an induction charging coil operably interconnected with the power source, the

induction charging coil operable to receive electrical charge from an inductive coupling

with a second induction charging coil.

2. The safety valve assembly of claim 1 wherein the valve member is a flapper

valve member.

3. The safety valve assembly of claim 1 further comprising a valve housing having a

latching mechanism for securing the safety valve assembly within the flowbore of the

wellbore.
4. The safety valve assembly of claim 1 wherein the valve actuator comprises a
fluid pump.

12



1. A safety valve assenbly for selectively closing off and opening
fluid flow through a fl owbore of a well bore, the safety val ve
assenbly conpri sing: a val ve nenber that is noveabl e between an
open position, wherein fluid flowis permtted through the fl owbore
and a cl osed position, wherein fluid flow through the flowbore is
bl ockeé. by The safdty evalwmrhssembly of clainvdl wherir tizd ealveodctoater rgriphiees a
val ve nmenber between its open and cl osed positions; an el ectrical
power soleheid. powering the val ve actuator; and an i nduction
charging coil operably interconnected with the power source, the
i nduction charging coil operable to receive electrical charge from an
i nductive coupling with a second induction charging coil. The
saf et y6val vEhasaéthlvahef asseniiy lofwdlaineiinwhbeiry #he alvendguatos cemprises a
fl apper valve menber. 3. The safety valve assenbly of claim1l
furthemagtenprising a val ve housing having a | atching nmechani smfor
securing the safety valve assenbly within the flowbore of the
wel | bore. 4. The safety valve assenbly of claim1 wherein the valve
actuator conprises a fluid punp. solenoid.

7. The safety valve assembly of claim 1 wherein the valve actuator comprises an

electro-hydraulic actuator device.

8. The safety valve assembly of claim 1 wherein the valve actuator further
comprises a wireless receiver to receive a wireless command signal from an external
source and, in response thereto, move the valve member between the open and closed

positions.

9. A safety valve arrangement for blocking fluid flow through a wellbore flowbore,
the safety valve arrangement comprising:

a first safety valve assembly disposed within the flowbore and having a housing
defining a valve bore and a first valve member that is moveable between open and
closed positions to selectively block fluid flow through the valve bore;

the first safety valve assembly having a first induction coil that is selectively
energizable with electrical energy;

a second safety valve assembly that is shaped and sized to be disposed within

the valve bore of the first safety valve assembly, the second safety valve assembly

13



6. The safety valve assenbly of claim1 wherein the val ve actuator
conprises a notor. 7. The safety valve assenbly of claim1l wherein
the val ve actuator conprises an el ectro-hydraulic actuator device.

8. The safety valve assenbly of claim 1l wherein the val ve actuator
further conprises a wireless receiver to receive a wreless conmand

si gnal compnsiag exsecaral valver ceenabvet, that iseemoraklet betvetam opeweandheclosed
val ve nmenber between the open and cl osed positions. 9. A safety

val ve pbsidogetepibek fuidifloactraegH theisécbhevately valgh agsavablybor e

fl owbore, the safety val ve arrangenent conprising: a first

saf ety val veheAseeaid Ys4ie§PosRe WsddthBlyt RSvihg O4DEERMRANhARMOAICSH that is
housi ng defining a valve bore and a first valve nenber that is

moveabgsuetaﬁ{]éfrfﬁéehév?gggb@nw' %%ﬂm%@sétiéerggsvié Oinaﬁ#tﬁﬁwt ic\Sﬁ‘)h’%gblvﬁ% rtrfa% ;ﬁret

fl ow t hroug e bore; irst safety valve asse

havi ng. a, fi. N j [ L that. | | ectively enerqizabl L t.h

ol ect TR bolIhe Sbbatb RLbadr B el e SRR BB e Soona
shaped and sized to be di sposed wiithip the valve bore of the first

saf 61 y "ONP VR BB RBINEEN I PEDHEILSHERSS RIS e assenbly conpri sing a
second val ve nenber that is noveabl e between open and cl osed
positions to block fluid flow through the second safety val ve

bl %; h , | v .hayi
nduct n cole w4El FEECRaRuThry BT SRl riNel Se e S ok ety
ia inducti i jth t first inducti il, th d
! hauct PoRerEBN CopRe  herbecttPrags| SeiseoPeTaP B R vy e BEG A 98
menber between its open and cl osed positions. 10. The safety val ve
ar r angE1sHoR COl | far fetginipe elaciiqah ensedo Hipt Sisebgen dansmittage i the second
conprises a charge storage device operably interconnected with the

secondindugtien ceih coil for retaining electrical energy that has been
transmtted to the second induction coil.

11. The safety valve arrangement of claim 9 wherein the second safety valve
assembly comprises a latching mechanism for securing the safety valve assembly

within the valve bore of the first safety valve assembly.

12. The safety valve arrangement of claim 9 further comprising an electrically-
powered valve actuator within the second valve assembly to move the second valve

member between its open and closed positions.

13.  The safety valve arrangement of claim 12 wherein the valve actuator comprises a

fluid pump.

14.  The safety valve arrangement of claim 12 wherein the valve actuator comprises a

motor.
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11. The safety val ve arrangenent of claim9 wherein the second safety
val ve assenbly conprises a | atching nmechanismfor securing the safety
val ve assenbly within the valve bore of the first safety val ve
assenbly. 12. The safety valve arrangenent of claim9 further
conprising an electrically-powered valve actuator within the second
val ve dssenfihg satetywalketanangenent of/clbine 12evizeeinkiet wals dctustonpssmeigks a
cl osed positions. 13. The safety val ve arrangenent of claim 12

wher ei goldneidval ve actuator conprises a fluid punp. 14. The safety
val ve arrangenment of claim 12 wherein the valve actuator conprises a
nmotor. solenoid. 16. The safety val ve arrangenent of claim 12
wherei n the val ve actuator conprises an el ectro-hydraulic actuator

R L G A ST

f I owbor A8 el?ﬁ?ooﬁfdrgﬁhca%%t %@tr\q%]"\? ;S\slglm\;?aya?lzsrglgyawvgmg tmreurarber t hat

i s noveabl e between an open position, wherein fluid flow through the
flowbore is permtted, and a closed position wherein fluid flow
through_the flowbore is b perating the first safety

val ve d€sent yethpdsed %W\)f@lwblsplﬁeﬁ fobﬂ@wowa @ pipduptiqmBowpere: within a

safety val ve assenbly fails to nove between the open and cl osed
posi t i &ed; the methodicopyising theséermef: saf ety val ve assenbly into the
fl owbore, the second safety val ve assenbly having an
el ectri cal | disposiegefirshlsatetyreatverassbatbly withipethalflosvdoes vebe firginsaipignvalve
position, wherein fluid flow through the flowbore is permtted, and a
cl osed apsablydiavivganaive inleribér thatvis ifisveiasle bovdehaepen bssibecliBgkein
fluid flow through the flowbore is permitted, and a closed position, wherein fluid flow
through the flowbore is blocked;
operating the first safety valve assembly to selectively block the flowbore until the
first safety valve assembly fails to move between the open and closed positions;
disposing a second safety valve assembly into the flowbore, the second safety
valve assembly having an electrically-powered valve member that is operable between
an open position, wherein fluid flow through the flowbore is permitted, and a closed
position, wherein fluid flow through the flowbore is blocked;
transmitting electrical power from the first safety valve assembly to the second
safety valve assembly via induction charging for operation of the valve member of the
second safety valve assembly; and

operating the second safety valve assembly to selectively block fluid flow through

the flowbore.
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transmtting electrical power fromthe first safety valve assenbly to
t he second safety valve assenbly via induction charging for operation
of the valve nenber of the second safety valve assenbly; and
operating the second safety val ve assenbly to selectively block fluid
flow t hrough the fl owbore. 18. The method of claim 17 wherein the
st ep ofl8t r abainiéthad oétlaah ri7oaherpowite stemof triesrhittiref elseatfiealypovadrfeom the
assenbly to the second safety val ve assenbly conpri ses: form ng

an i ndeedtisefety 0&IpE ia8gerBiViB @he 8eddridSéafefydiidld A5Lepilsly BbmMPrisex:|
associated with the first safety val ve assenbly and a second

i nduction Cf@ﬁﬂ%@ﬁn%&dcti@é%bﬁﬁige&@/ééﬁ 5hﬁstsiﬁeﬁa%nséfé?g?‘]gvﬁiIViﬁsoﬂag%d

assenbly; and energi zing t first induction char g col

| ectrical ' ' . : i . :
nduct 'S8 (pARS TP bl 8RS Ehinb) S £ 56 Rnc B or| SRy boll dsiboiatpg vitn
The ”E‘MEO%%/O‘C Cslsagi m 17 wher ei rll%%??g step of operating the second

safety va Cé)ngs %Ivﬁlvﬁﬁs‘[sﬁg]b ri ses providing a command si gnal

for actuation of .thei vafl ve.r’(rjen?er q{ t he se_con?, safety val ve assenbly

via wirel esENeNOigagtae;fygt induction charging coil with electrical energy to transmit
electrical energy from the first induction charging coil to the second induction charging

coil.

19.  The method of claim 17 wherein the step of operating the second safety valve
assembly further comprises providing a command signal for actuation of the valve

member of the second safety valve assembly via wireless transmission.
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