2263491 PERFORATING TYPE LOCKOUT TOOL This invention relates to 'surface

control |l ed

val ve ("TRSV")

nor e partlcularéé oved tubing retrievable 5 subsurface safety
to conplete oil g%

subsurface saf-ety v%lves used In the oil and gas industry,

tlng type lockout tool. It is common pract

safety valve .controlled fromthe well surface to shut off fluid 10 f
through a well tubing string. Frequently it is also necessary to cond
wel | servicing operations through a subsurface safety valve. In sone
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gas producing wells ypth systens including a subsurface
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i nstances, the safety val VEBEREORAEINGCREEEoDO@OKOUTDTOALI |y, either by usi ng
control fluid pressure or by running a shifting tool-into 15 t he tubing
by wireline. In other instances, such as when a safety val ve nalfunctlons

and anot he

r valve is inserted, or when a second safety valve .is to be

installed at a differBas|teventhon rekateg| Fo ?Frﬁﬁ9eb§°8§§P#&§ﬁe to use a
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lockout tool.

It is common practice to complete oil and gas

. producing wells with systems including a subsurface safety

10

valve controlled from .the well sﬁrface to shut off fluid
flow through a well tubing string. Frequently it is also
necessary to conduct well servicing operations through a

subsurface safety valve.  In some instances, the safety

" valve can be locked open tempcrarily, either by using _

15

control fluid pressure or by running a shifting tool into

the tubing by wireline. In other instances, such as when

a safety valve malfunctions and anothef valve is inserted,

‘or when a second safety valve is to be installed at a

different-location in the well, it may be deSirable to use

-a shifting tool to permaﬁently lock a subsurface safety

20

25

valve in its open position.

| Tubing retrievable, flapper type safety valves
have préviously been disclosed, for example, in US Patent
No. 4,723, 606. Such valves typically comprise a housing
connectable with a well tubing string, a bore for
communicating well fluid.flow, a fiapper'valve mounted

inside the housing for movement between open and closed
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positions, and an operator tube in. the housing to shift the flapper valve
sel ectively between the two positions. The operator tube nornmally noves in
response to a control signal fromthe well surface, but a shifting tool can
5 rel easably engage the operator tube for novenent independently of the
control signal. A lockout sleeve may be gounted in the housing-in tandem
with the operator tube for novenent between a first position engaging and.
~holidi ng thepbsappEhsYabig Qﬁea?éﬂdtérsﬁﬁﬁédiﬁoﬁhé! ABulfingOtdi saRgagemENt
fromthe flapper valve. Subsurface safety valves including both a permanent
and a tenpotheyflapkeppealwechabesntivetyabetwdeacktheectwof posétdoplse, in US
Pat ent Nos. 3, 786, 865; 3,882, 935; 4, 344,602; and 4, 356, 867. However, the
desi gn 15 Theaoperstonatubeahbrmahdygemoveschni vegbopaeety aaktentrpd be

| ocked open either tenporarily or. permanently in the absence of control

li ne pressu$égﬂé%efﬁﬁﬁetbﬁew9iiv§§rﬁ6¢eccBHﬁIFcﬁhéﬁtaﬁe &2pdnSRRe than is
needed or desjrable for al

I naﬁkets and appljcations. 20 ' The
Use of B pueleasablycrrgage Fhe PPGERFOF| BHPEoERECREVEmERt i scl osed in US
Patent No. 3.111 9. Th f h.t dl v ext endi
Cndont at orikbdgBenden1y Se  Bie baRrPHE “Biotat; oA 18kbEE] slogtEc oY
di | di t , ) T. L i us
Pt ons N, e dRoAEEd 1hoend ot in'BEnBBRBELHOLAS, opliratblS Bipp!,

Cb”“““iCatiﬁ&rWﬁ&GeﬁéﬁtVﬁéﬁﬁeQﬁré-ffPétd?8§i£B6na€H§é§iH?.Qhacheiaénb” us
Patent No. 4,574,889 use an outwardly extending |ip created by

the flapper valve. open and a second position of

gJ;.lo disengagement ffom the flapper valve. -

Subsurface safety valves including both a
permanent and a temporary lock open mechanism are also
disclosed; for example, in US Patent Nos. 3,786,865;
3,882,935; 4,344,602; and 4,356,867. However, the design

15 features.that.enable_these;conventional safety valves to
be. locked open either temporarily or permanently .in the
absence of control line pressure have made the valves more
compliqated and'expensive-than is needed or-désirableifqru

all markets and applications.

= 20 : .. . The use of a punch as a perfofator for well flow
conductors is disclosed in US Patent No. 3,111,989. The.
use of a punch to create outwardly extending indentations
in a flow tube for locking-out a well safety valve is

> disclosed in US Patent No. 4,574,889. The apparatus

25 disclosed in US Patent. No. 4,574,889'does-not, however, . -

£r

provide a path for control fluid communication with the.
valve bore. Nor does the apparatus disclosed in_UsﬂPatent.

No. 4,574,889 use an outwardly.extending'lip-created-by



3 perforation to lock the valve open. The present invention provi des neans
that cooperate to | ock the valve open permanently and provide access to
control line pressure by perforating the piston 5 in the valve. The

i nvention disclosed herein can provide an econom cal and reliable |ocking
nmechani smw th fewer |eak paths than cogventional tubing retrievable safety
val ves. According to one aspect of the irnvention, a 10 subsurface safety

valve is oviSedeibat cds18GRPERE a1h€ bpeked permanent|y open in such  (j

manner that control tluid communication is al so established between a -
surface controll er amgetpres@hteciheentidacprévi@ebomeBabhe&hagspect of the

I nvention, a 15 | ockout tool is provided that conprises a track nandrel
havi ng a reogpetatebty locipothe veheatdbpenppermhandaplydand peoetidat e the

pi ston wall of the valve at a point adjacent to the control fluid annul us,

t her eby cracgess toteontoel | bine nprefsuye| be pprfonatinpgnirtheapdsyony
establ i shing 20 fluid conmuni cati on between the control fluid annulus and
the val ve Hordhe Ftydat | Tae yinyeRtioncAieghosedHepedn FanpPreyidee the -

D RSP S S0 "G o R B S i, 2E

\éMonﬁiSC at#%%iégﬁ%gﬁé%oggﬁ%ﬁ‘ﬁéﬁﬁfLéﬁ%@ﬁl ggégrikgégﬂg]; r%? Irf%t?er and the

vaIveJMNﬁyafggquing to a fqrther aspect of the.invention, D
According=t§ one aspect of the invention;;a - o

10 subsurface safety valve is piovided*fhat:ié.adapted-to be ﬁ-_-k‘
locked permanently open in such manner'that con£ro1 fluid
communication is also eétablished_between a éurface
controller and the valve bore.

' AccOrding to another aspect: of the invention, a

15 lockout tool is provided that comprises a track mandrel -
having a tamp slidably disposed'beheath a . punch adaptedzto
penetrate the piston wall of the valve at a point adjacent
to theacontrol fluid annulus, thereby creating:a-téb.for;
1ockihg the valve open and simultaﬁeously estab;ishing.

20 fluid'communiéation'between'the control fluid annulus and
the-valve'boré. Alternatively, the punch can be adapted
to perforate the piston_énd form an outwardly.extenﬁing-
1ié adapted to lock the valve.open, or to perforate the
piston anéiwédge an insert into the perforation that will

25 lock the-valVe-openﬂ With either alfernative,_fluid'
communication is‘likewise-established between a surface -
controller and the ‘valve bore.

According to a further aspect of the invention,

. .



4 a | ockout tool for a TRSV is provided that conprises neans for
permanent|y | ocking the TRSV open in conbination with perforation neans
adapted to establish control 1ine communication w ththe interior of the
open valve. 5 According to yet anothér :aspect of the invention
a TRSV and | ockout tool are provided that can be operated to permanently

| ock a subsurface safety val ve such as, Tor exanple, a poppet, flapper or

bally val ve RS iddd BheRTh MENR UL ARG What A ed IiEnd ¢ 10

hol ds the val've gpen and thereafter perforating a pistonin e valve to

create a taRyCRallmditiy QIR 4he QRN Yddi Bl S AR i4mg back

to an unl ocked position. "The i nvention can al'so provide a flow control 15

system f or paitfiidatilorgafeail ladditted A0 dtib 18 dH diger o ided subsurface
~safety. valve and a | ockout tool adapted to |ock the safety valve open. The

subsur f ace conimeiicatiion prisfrertid ircteiiors exf scHe wperg walve a | ongi t udi nal
bore, a valve closure nenber adapted to be 20 noved froma first position
bl ocki Ry fluid fl ow Aemmiinghea weth@nathers aspettpest tthen pernitting -° -
fluid flow through the tubing, an operating sl eeve adapted to slide

. downwar dl y 1R Qe 8 FREV and diogkaut kool iaraninrawided | that|eanr e
menber in the secon%ﬁﬁosition, and a Sprin%% 25 bi ased piston nenber
adapt ed tobﬁ_ P@@Iia_ﬂ: i%PW%YOMi Fubsurfacerfafeiak AL ¥®ol is
adapted for_i S-I‘Stl i nt.o the | onﬁ)ltudl nal _..bor e of tq)eaﬁafveat%é’-%ﬁ/ee and

or of er abl y S¥SHL ASkedOF [S3RmRLS ¥ POPHHg SRR O 1

| by shifting an operating sleeve to a position where it
%’g 10 holds the valve open and thereafter perforating a piston
in the valve to create a tab capable of preventing the
operating sleeve from shifting back to an unlocked
position.
-The invention can also provide a flow control
15 system fof'an oil or gaé-well that compfises a tubing - .-
supported subsurface safety valve énd a lockout: tool . .
adapyed to'iock the safety valve open. The subsurface
. safety valve'preferably compfises a housing with a
v : 1ongipudinal bore, 5-ﬁalve-closure;member:adapted to be-
20 mox)ed from a first position blocking fluid flow through
the tubing to a secoﬁd position permitting fluid flow
through the tubing, an operating sleeve adapted to slide.
downwardly within the-loﬁgitudinal bore to,maintain-thé
" valve closure member in the second position, and a spring-
25 biased piston member adapted to slide in unison with the
operating sleeve. - The lockout tool is adapted for
insértion into the longiéudinal bore of the safety valve,

and preferably comprises a housing with a longitudinal



5 bore, neans disposed in the housing for rel easably engagi ng: the operating
sl eeve of the safety valve, and mandrel neans slidably disposed in the

| ongi tudi nal bore of the |ockout tool. 5- - The mandrel neans of
the | ockout tool preferably further conprises a punch nenber and neans for
forcing the punch nenber radially outward to penetrate the piston nenber
when (1) the lockout tool housing and the operating sl eeve are engaged, (2)

the operating sleeve is.l i |0 t he valve closur nber in the

second posi’tﬁ%o?f, nERrS ﬁlg%%s%n%}g#ﬂ%eng%%gﬁggf ?Eeﬁegg%ﬁ%g” inrelati on-'-“_'!

to the | oc S ' t N evad Ve, punshre r of the
l&%ﬁ .#}Ry%gﬁgréfﬁh £ : _

mandrel mean E|’dsﬁ%e erably at apégglé%f’goér‘m g#lgosutawgﬁgl gggg?éng}qﬁg tab on .

15 the pinidrird® Hdind F@iia%ig{%ﬁ%é@ ﬁﬂnﬁi\as—mﬂ?ieﬁd?ﬂa@ Barel the

safety valve and limt subsequent upward novenment of The piston nmenber and

operati ng et rRckdye toolhe safety val ve housing, thereby permanently

| ocking the safety valve in the open position. 20. Alternatively, the

punch rgenber is adaptThe tmamdrébrmeans hef ptbé ohoskoat toolopreferablyar dl*y-

extending lip, or to wedge an insert into the perforation. Each neans of

per f or at i nfuntthey zompxises tarpwach ymenban| andcweangaforf foreingd the

communi cati on between a surface controller ‘and 25 the val ve bore. The

i nventi on FMNGR RERK | TRALA-IEY HIUEYRFA JEP BRRAEFHTROERPNBIEFER a TRSV and

si mul taneoysh ¥kl 501 ' %d Y St SITUBLSE ASHaLRE "S5 LRS SRLYE«RR5°
sleeve are engaged;.(Z) the operéting sleeve”iS' |

10 maintaining-the valvetclosurefmemberwin-the second
position, and (3) the mandrel meéns~is forced downward in
relation to the 1ockbut toOl.hﬁQSing:and-the safety valve.
| The punch member of the'mandrel means is
preferably'adépted:to form an outwardly extending tab on
15 the piston member that will engage an annulus in the -

housing of the safety valve and limit:sﬁbsequent.upwardu 

movement'of-the'piétonrmember and operating sleeve.

relative to-the-Safety'vélyé'housing, thereby permanentlf

- locking the safety valve in the open position. . ~ | ‘;

20 Alternatively, the punch member is adapted to perforate
the piston so’ as to form ah outwardly éxtending lip, or to
wédge’an_insertfinto the perforation. Each means of
perforating the pistOn-simultaneously establishes a path
- for fluid communication between a surface controller and

25 the  valve bore.’

—_— .
- The invention can also provide a method for

permanently locking open a TRSV and simultaneously

establishing~fluid"communication between: the valve bore

-



6 and a surface‘controller, conprising the steps of introducing a tubing
string including a TRSV |nt0 a wel | "bore; “introduci ng.a | ockout tool
through the tubing string into the TRSV, releasing a first retaining neans
within 5 the | ockout tool, thereby causing |ocator keys in the | ockout tool
to engage a profile in the*TRSV; i ncreasgng pressarigé in the tubing string
abqove the TRSV and | ockout tool, .thereby shifting an operating sleeve in

the JRSV t 0afqg DQSéﬁanc&hébﬁttbllDéﬁVe&éﬁpﬁh@iﬂﬁetﬁé at¥pkvescl osure 10
means within the TRSV; releasing a second retal nihg neans within the

| ockout t oointib&uebyigcausubgngestsingt bholthlengoakoREVE 2akot & wpelflorate a
piston in the TRSV at a point adjacent an annulus in the TRSV that is in
fluid comupdrat i bntweducinguaf doekoutt toblethrbughi thet tebibg stpéngt i ng
sl eeve and val ve closure nenber in the open position and establishing fluid
communi cat i bat@ethecFEREWe seleaséngont £4rstr rakainkegweepngovwathing
thereafter cau3|qg the | ocator keys of .the |ockout tool to disengage from

the pro?il ethe 19 k?ﬁ@wmoﬁ%rnFP?FﬁBYwF?HE?HﬂaFOGFtPHekEUS ipothsut t ool
from he CUpLag Sk ot BY, doNegl & GHBEE) o 0ROLAD Ao b abInt e
sccomany, et WHE" E4ing fectobeaRos PRI KoY iy Soshgien 200,
subsurf ace é@&ftYtﬂéiéﬁy“éﬁbfﬁiﬁéa&ﬁeépé¥9€iﬂé|¥fe€b€3ﬂﬁetﬂéa@§sv to
a positiontwhere it prevents closure of a valve closure
4 10 means within the TRSV; releasing a second éetaining means
within the lockout tool, thereby causing means within the
1ockout tool to perforate a piston in the TRSV at a point
adjacent an annulus in the TRSV that is in fluid
communication with a surface controller, locking the
15 operating sleeve and valve closure member in the open - -
position and establishing fluid communication between the
surface controller and the well'bore;-and thereafter
_causinéithé'lgcator keys of the'lockout tool to disengage
from the profile in the TRSV, permitting withdfawal of the.
20 lockout tool from the-tubiﬁgfstring. .

By way of example,; apparatus-§ccérding to the
invention is further described and explained in relation
to the accompanying drawings;-whereinf -

Fig.:1 is a schematic view in éection and

25 elevation of a typiéal.well completion including-a tubing
.retrievable subsurface safety valve with a flappef type
valve closure: means:;

Figs. 2A and 2B, taken together, form a



Fi gs.

2A and 2B, taken together, forma 7 Longitudinal.viemwin section

and el evation with portions broken away of the TRSV and | ockout t ool

according to the invention as the | ockout t ool
3A and 3B, taken together, depict the 5 apparatus of Figs. 2A and.
2B during actuation of the TRSV; Figs. 4A and 4B, taken together, depict
3A and 3B during perforation of the piston and

Fi gs.

t he apparatus of Figs..

| ockout of1é 1'ﬂ-ﬁ§ié1afl gsewSPnasdchBont ak@nel agaheh, with poritient)

apparatus of Figs. 4A and 4B during release and retrieval of the |ockout
t ool ;
i nvention depicting a punch adapted to perforate the piston of the valve
and . f orm abnééntiountasr thg deckadtngobilpignbelhisgprunodnto [thek velgeral ve
view of a further enbodi nent of the
i nvention depicting BEiganchAaemgt 28, t §asenf §paeEhere SP@?@W &he wedge an

open;

is being run into the valve;

P

Fi g.bfoken aawepl af gete dEREVI andedockoat &bbidr astovrdiaghadi robet of t he

and Fig. 7 is an enlarged detail

I nsert

Fi g

21,

10

15

20

25

into the 20 erforat on t é éuthe val ve og reference R

numer & s a‘?%p%ﬁﬁﬁu?f nﬁ?‘gﬁte PR 3 | wh
il _ \ T ;
Tubing string 15 1s G0 ER°HhELEEY Fhiln FoypklaE? %i’%%% Ves 16 at

wel | head

Fingl PeFPgiies

ngs.

%ﬁ%&é&é bPerig@W 8A Lhd' 8B Iiﬁi-%ghplai‘?b%tibw ¢ Jt% at surface

piston and lockout of the TRSV: _

Figs. 5A and 5B, taken togéther;-depict the
apparatus of Figs.:4A:énd 4B during release'end retrievai
of - the lockout tool: . |

'Fig. 6 is an enlarged detail view of an
alternative embodiment of the invention depicting:a punch
adapted to perforate.tﬁe~piston-of the valve.aﬁd forﬁ;an.
outwardly extending lip on the piston to lock- the valve
open; and - _

" Fig. 7.is an enlarged detail view of-e.further
embodiment of the invenfioh debicting-é.punch adapted to
'perforételthe piston and'wedge-an insert into the |
perforation FO-leck the wvalve open.

Like reference numerals are used to indicate
like pafts in all. figures of the drawings.

| Fig. 1 is a schematic repreSentatioﬁ-of.a TRSV
instaliationelO'wﬁerein tubing string 12 is deployed in' f
bore- 14 of casing 15. "Valves 16 at'welihead 18 control
the flow‘of-fluids throuéh tubing string 12 at éurface 21,

and TRSV'ZZ'controls the flow of fluids-thiough,tubing

string 12 below surface 21. TRSV'22.cah.be pperated from'



and TRSV 22 controls the. flomrof fluids through tubing string 12 bel ow
surface 21. TRSV 22 can be operated from .. 8 the surface by controller
23, which is in fluid comunication with TRSV 22 through control |ine 20.
The construction and operation of. TRSV 22 and | ockout tool 24, which is
used to permanently lock TRSV 22 .5 opgn, are further described and
explained in relation to Figs 2, 3, 4 and 5. Referring to Figs. 2A and 2B,

TRSV 22 €, r PPes UP3 30,R1EL oy siRIssubassenbl i es 32, 34,
36~and 38 ﬁ%ﬁﬁ%%%§ éé f%pﬂ%ub 30 i's threaded onto the bottoniof

t ubi ng 5Q&&hﬂﬁhﬁ@htﬂ&hThieﬁd@ﬁsvOmmeﬁﬁreﬁgHOGbﬁtﬂbpv1ﬂﬁd pear the top of
housi ng subassenbly 32 for connection of control line 20 as shown in Fig.

1. Fl ow channel 41 phevéeestiuatilon oandnopatabthonhobufRSWoR2i agdsubassenbl y
32 between threaded connection 40 and annul us 44. 15 Pi ston 42
i's slidahlgcibsposeal i 24) dehboheis3usedhbospagmanentsienbprksTBEY 32, and is
threaded into the upwardly extendi ng end of operatin sIeeve 52 _as shown in
Fi gs.52A W.ZB‘irSeﬁliliF‘h@e%t‘é%ﬁcHBbeaePﬂd ﬁxﬁiﬁéﬁeﬁyigaﬁ'ﬁrﬁﬁ PBt XPner 50 as

shown in Fig. 2A, is provid res Iea ge on fluid out
of annul JBlgS- b%tweengp?géo 42R%%ﬁrfﬁﬁgi g ﬁﬂgm&ﬁ PQ ousi ng
subassenbly 32. Se ng_sta s I ik e o} etmeen pi ston 42 and
housi ng ﬂ%f%b%ﬁ %gmgﬁg ogiauﬁm%ﬁtg éeé@ggg P91 ui d | eakage

'ﬂ'omwd' %é;é.ﬁﬂﬂ'égssé5 344436 &R5! 3§Pr'@ﬁe56pbardéaaoeedtbs &8
cylindri

30 is threaded onto the bottom of tubing section 26.

L*“:10 Threaded connection 40 is provided near the top of housing
subassembly 32 for connection of control line 20 as shown
in Fig. 1. Floéow channel 41 provides fluid communication
through housing subassembly 32 between threaded connection
40 ahduannulue 44.

15 ...  Piston 42 is slidably disposed inside bore 43 of
housing subassemblies 32, 34, and is threaded into the
upwafdly-extending end of operating sleeve 52 as shown in
Figs. 2A and 2B. Sealing stack 46, held in p;ece by -
packing retainer 50 as shown in Fig. 2A, is.providéd to . -

20 restrict leakage of control fluid out of annulus 44
between piston 42 and the inwardly facing.dall of housing
subéssembly 32. Sealing stack 48 is likewise provided -
between piston 42 and housing subassembly 34 as shown in

Fig.: 2B to restrict_fluid-leakage-downwardly,from=annu1us

25 44. Coil"spring 54 is disposed in. the cylindrical space -

<

between the outwardly. facing surface of operating sleeve
52 and inside wall 132 of housing subassembly 36. 'Thé._

bottom of.coil .spring 54 is supported by upwardly facing



between the outwardly facing surface of operating sleeve 52 and:inside wall
132 of housing subassenbly. 36. The. bottomof. coil spring 54 is supported
by upwardly facing 9 annul ar shoul der 130 of housi ng subassenbly 36, and
the top of coil spring 54 engages downwardly facing annul ar shoul der 134 of
operating sleeve 52. Valve housing 62, i hreaded onto the bottom of housing
subassenbly 36 inside 5 housi ng subassenbly 38, retains a seat .insert 61

whi ch provi qx%%l%r's%q{élﬂﬁieiwf eoiﬁ%,datg,rs dd Wi eSlhbLY| 38P%4ndCchs

pivotally Eonnect e toward its

agai nst valpgg, &afccﬁa %ﬁﬁé'w eijddil Abunwa¥dip Ugdcifig\anrul &rdescri bed

herein as 10 having a fl apper valve .closure nmeans, it wll be understood
that the mehouddeid B Thicrerdtine sTomnd iR, ar\ealvekemoseiagpﬁizcabl eto
saf ety val ves havi ng poppet, ball or other sinilarly effective neans. )
Lockout t odhradesi mrefcertii® \oation raH housing iSubassenbly 136 binaidel i ne or
reel ed tubing (not shown) to a positioninside tubing 26 and TRSV 22 as
shown Bn Fhgusing subasgeply :*fQ:smﬁf@PH&:ka ZRa% %ﬁ?@?tsﬁh vhaieh effecti‘ve
means is preferably prOV|ded for attacm ék;ockout togg io a mnrgllne

t ool kst ri ng’ro"Ll@Géblﬁ seafiing, sk £12PRRT s apERY; 2

t dr.el dr el 6 h 70,
| ower housfiy POt i re%ﬁﬁ&%é@ﬂ Sherdia %ﬁcat eB38R0d Jp
seal mandr gl 64,410 4 rp%%&éwiréﬂaﬁ%&rxfaf@e@éag'az 9593-98955’1189 are

spring 60. (Although TRSV 22 is described herein as

10 having a flapper valve closufe:means, it will be . ... _ .FJ

understood-thét the method and apparatus”of fhe~invention_
are likewise appllcable to safety valves having poppet,; -
ball or other: slmllarly effectlve means. )
Lockout tool 24 is preferably run inte tubing
15 string”lz-by“wiféline or reeledﬁtubing'(not ehewn) to a
position inside tubing 26 and_TRSV-ZZﬂas-shoﬁnein Figé.'z,
3, 4 and ‘5. Fishing neck 23 pr other similarly effective
means is preferably provided fo:-attaching 19ekoutrtool.24
to a wireline'toolistring; Lockout tool 24 preferably -
20. comprises seal mandrel 64, track mandrel-66 lower mendrel
67, upper housing 68, locator hous1ng 70, lower housing:
72, shear sub’ 74 and nose 76. _ _
- Referring to Figs. 2A andHZB,'seai mandrel 64
and trackvmandrel 66-are threadedly'engaged.and'are
25 'slidably'dispdsed inside the cyiindrical-bofes-of upéerf
housing 68 and locator hoﬁsinQ-?O.-=Track-mandrel 66
further comprises internal track 90~heving*a ramp 91 that

slidably engages the bottom surface of punch 92.  Punch 92

he .. -
oseﬁ position ot

H



25 slidably di sposed inside the cylindrical bores of upper housing 68 and
| ocator housing 70. Track mandrel 66 further- conprises internal track 90
having a ranp 91 that slidably engagés t'he bottom surface of punch 92.
Punch 92 10 is preferably aligned with aperture 93 through cover plate
94, which is disposed in a w-ndow of |op@ator housing 70. For reasons

di scussed in greater detail belowin relation to Figs. 5A and 5B, the
outkgi de di dsepeefefrablyclelignedewifh ap@rmiuatee 9380 thriougha cosess padtee ea 138
conprising upsets 142,144 that define a profile adapted to conformto the

i nwar dl y f 8&i n§hdehf 4se ddsposed: dn Reyindgw @ifs Jesetar hawsing Hbusi ng 70.
Locator housing 70 preferably conprises a 10 plurality of circunferentially
spaced, ra8P&l FpagRpEndisrysesdaisy grepterodetipdd bedoy ddeFed@tianiy by

' ' t th t, ) fi 102 i ti
Peeve 2 For FABBnLPry BAe BE oy SUUEHOn LTS i o hREPEeh, <houn
in Fi 2B, | 7.1 ' ' ' ' | t k
100 so5as P8 BEFSRPERLY Do & Facpsbefl, oFeCdotl ooyl Dmetid o7 20

| ockout t 09224 4ga3hgs HAEIYAN of BRI ARSHIUAPUS RAEERF 1P Al 46 and

-upsets 108,110 on the outsi met er are adapted to

conf or m t 03 hiv@ranyardkynd0 surkacens s 1okaterokey@caor didpbstd 150 that as
| ocat or keys 100 are retracted within |ocator housing 70, upsets 108,110 on

I'ower mandleta€drnheusing G@.recesses 122,124, respectively, of |ocator
keys 100. '
: Locator housing 70 preferably comprises a
i%; 10 plurality of circumferentially spaced, radially expandable
locator keys 100 that are biased outwardly by springs (not
shown) to encourage them to engage proﬁile 102 in
operating sleeve 52 for properly positioning lockout tool
24ginside,TRSV;22;. As shown in Fig. 2B, lower mandrel 67
15 is oriented .in relation'to.locator_keys 100 so as to allow
~ them to retract into recesses.on lower mandrel,67 as
lockout tool 24_passes-throu§h restrictions in bore 25.
._Recesées 146 and upsets 108,110 on the outside diaﬁeter of
lower mandrel 67.aré adapted to conform to the inwardiy_h
20 féciné surface of locator keys 100 so that;as 1bcator”kgys
100 are retracted within locator housing 70; upsets
108,110 on lower mandrel 67 nest insidé recesseé.122,124,
respectively, of locatorfkeys 100.
Well fluids present in tubing string 12 during
25 running can bypass lockout tool 24 through”conventional
internal-communication porting (not shown), after which

the fluids_pass,out the fop_of lockout tool 24 through a

poppet type valve.



Vell fluids present in tubing string 12 during 25 runni ng can bypass

| ockout tool 24 through conventional internal conmunication porting (not
shown), after which the fluids pass out the top of |ockout tool 24 through

a poppet type val ve. In the running configuration, as-shown in Figs. 2A
and 2B, |ockout tool 24 is "pinned" withia single primary shear pin 82 and

a single or plurality of secondary shear screws 84. Alternatively, it wll_
be 5  appreciated otfiererfd Hritiing efdEiguratBbeAsad! snowh aini pgggbans cafy,
| i kewi se be used in place of shear pin 82 and secondary shear screws 84.
Shear ring2a3andhi2e) daodkouts tmol24 shepimed 8dyitls ausimgleown agai nst
the internal shoul der of |ower housing 72 by tightening nose 76 agai nst 10
shear sub PFimaxysshegn pirpdé@nd lsingls ertpbaralsty 48fwhi ch pass

t hrough nose 76 and engage | ower nmandrel 67. As |ockout tool 24 is run |
downhol e i EECNAREY Shean SCTRYS &4 or M RTRALINAIY ci EhtWithgPR to push

the 15 cl osed fl er 92 of the TRSV 22 off val ve seat. 62 before. |l ocator
keys 180 | BRRTETLORAG oHhe TG SATRGLAYE FASTTRkLS BSRLELEE; osd
the TRSV 22 is._e | i Arj orn tQ t. 400l 24 1.0 I ng. i &y pOSLtion.
When | ocat (%'?a%gy% '&%'g‘%é'g'gég &eoﬁée;g%g,pé%%éa‘%ﬁnéﬁér% r%z\g%ngﬂtaﬁ - of _
| ockout t ol | . 1t Cate{a, { N ot |l inRacking
stack 112 %% clgélgkagg'ts t ool 24 I\grllv;gg;gde‘% hoﬁeﬁﬁeﬂgg%ﬁ‘ %ﬁé% u%oé.‘ggjd TRSV
22. Referr pigma@yisheardhi @£ B.1d i1 Na thgainst the “internal

_shouldér of 1ower'housing.72-by tightehihg-noSe'?G.againSt

10 shear sub 74.  Nose 76 ;S-léckéd in;plade by sef screws . . . o/
148 which pass ﬁhrough-hpse'76 and engage lower mandrel |
67. : o

' As lockout-too; 24 is run downhole into. TRSV 22,
hose 76 preferably has-suifiéient,length to push the -

15 -closed flapper 92 of the TRSV 22 off-Vélve seat 62 before
locator keys 100 land in internal profile 102. This -
ensures that p:ésshre-écross thé TRSV'22=is.e§ualized
prior to iockoututool-24 1ocating'in position.-’When
locator keys-iOO éngage profilesldz; the downward movement

20 of lockout tool 24 is stopped. With locator keys 100 in.
profile 102, packing stack 112 of.lockout-toql-24 engégeé
honed bore 25 of ‘top sub 30 of TRSV 22.

" Referring to Eigs.-3A~and;3B, light downward.
jarring is then used to shear primary shear pin 82. .When

25 primary shéar;piﬁ 82 shears, lower mandrel:G?-slidés
downward'relative-to'1cwer housing 72 until'lower"edge-BG_
abuts against annular shoulder 88 of shear sub 74, thereby

loading secondary shear screws 84. This downward movement



jarring is then used to shear primary shear pin 82. Wen 25 primry
shear pin 82 shears, |lower mandrel 67 slides downward relative to | ower
housing 72 until | ower edge 86 abuts:-agai nst- annul ar shoul der 88 of shear
sub 74, thereby | oading secondary shear screws 84. This downward novenent
12: causes upsets 108,110 on:}tower nand§ ? 67 to back:up | ocator keys 100,
forcing themto remain engaged in profile 102 of TRSV 22. At this point,

the presswagdds tu!:@e'& 498219 oh 10WRSY mdhdrel l69ck@Ibdelup?4 can be
i ntreased by punping fluid.downward fromthe surface because seal menbers

112, 114 ( Riogatdd) ke 10D ,Caepesiaie thensad refainh @myaaras iectional area
mﬁthln the tubing. Wen the tubing pressure above TRSV 22 and | ockout t ool

24 exceedpriofd 180 I@2nimhalRsVul2ng pressure below TRSV.22 and the spring.
force of spring 54, |ockout tool 24 slides downwardly through bore 25.
Locat or keys 100, whitctheise pedintt aitihed pnessuste (i tatbisgig e'%gr%hqm sl eeve
52 by upsets -108, 110, sinultaneously cause piston 42 and operating sl eeve

gz t0515dTR§|Vi &2 mb Ot HoRdg 638 R dcreasmst iRk BRI inei | ¢ -
ottome 0 abuts nst nnul ar_ st o 118 as shawn 3B. Wen
oper at i ng%g'l“éa/ 5?“1 ﬁg‘epféﬁ‘ﬁa(ﬁ? % qﬁagl "3%3) %pp 56 of
TRSV 22 i el.d ,0 f| M uI

subassenbli?laz(}q"l 8?}' 1l e%l ﬁ?ﬁea%#&%ﬁnég pressure | s escrl here| n

R e
pressure above TRSV 22 ‘and lockout tool 24 exceeds the

K“J 10 combined tubing pressure below TRSV 22 and the spring.
force of spring 54, lockout tool 24 slides downwardly
through bore 25. Locator keys 100, which are maintained -
in profile 102 of'operafing sleeve 52 by upsets 108,110,
simultaneously cause piston 42 and operating sleeve 52 to

15 slide downwardly through housing subassemblies 36,38 until
bottom edge 150 abuts against annular stop 118 as shown in
Fig. 3B. .When operating sleeve 52 reaches the p051tlon
showﬁ:iﬁ-Fig. SB,.flapper 56 of TRSV 22 is held open and.

. confined witﬁin annularnséace 152 in housing-sﬁbassembly

- 20 38. (While increased tubiﬁg pressufe ie-described.herein.
.as a preferred means for shifting operating sleeve 52
downwardly through TRSV 22, it.will be.understood by those *
of ordinary"skill.in the art that other similarly .

- satisfactory means such as increased confrol line

25 " pressure, jarring of'stem weight can likewise be used to
open TRSV 22 under appropriate circumstances within the .

scope of .the: present invention)..

The perforation of piston 42 and permanent



of ordinary skill in the art that other sinilarly satisfactory means, such

as increased control line 25 pressure, jarring or stem wei ght can

| i kewi se be used to open TRSV 22 under appropriate circunmstances within the
scope of the present invention). The perforation of piston 42 and pernanent -
13 | ockout of flapper 56 of TRSV 22 areléurther descri bed and explained in
relation to Figs. 4A and 4B.  \While mainfaining the tubing pressure used to

move TRSV %ﬁgﬁ.&%@&%@& tg@oe M2 dMEVRICkhSY FddSol Soddeand0 5 T

shear secon ear screws 84. This di sengages shear sub 74 from | ower
housi ng 72 ogb1laageiiti f Gl1d%orPidliEigd\ MeadndregBlr elwhitz@ck mandrel 66
and | ower mandrel 67 to slide downward relative to upper housing 68,

| ocat or howgliR@aitidity dHa efubinig ipxesdiréudedicto neoele eTRSVY 22 68osl i des
downward t hrough | ocator housing 70, punch.92 slides up ranp 91 of track 90
t o apex 98.thie open PbsHtidmwEurthkin demward jarpeing2ig|veed @ ranp 91,

it is forced radially outmard,_protrUdiq? t hr.ough gferture 93 in cover
plate §4, EheerseAAndaThEhRHeISERYY T4 o e 118enggRs 48h8RT 3 poi nt” -

ot onding. SV GH {oREh MR NG, T FGh 98951 Bopr ef er anl y T or med

Sl cove 52 PRTMAHANG, P ARr E | G Wil 66 Mnd DA PPPT T 1 10

fgéﬁi“hgﬂg‘{g\%n%%& 34 Tis A ad| @haReerd e ld BARE t&6upb&r ChOGE1ngeEgRNENt Iy
locator housing 70 and lower housihg'?Z.; As track mandrel -

10 66 slides downﬁard through 1ocat0r:hOuSing 70, punch 92 . _'&J
slides up ramp 91 of track 90 to apex 98. of ramp 91 as .
shown in Fig. 3A. as punch 92 slides up ramp 91, it is
forced-radiaily outward, prot:udihg-through aperturev93 in
cover plate 94, then engaging and penetratinnghrough; '

15 piétoh 42-at'a-pbintjadjacent to annulus 44. . Because of
bevelled edge 136 on the oufwa;dly éxteﬁdiﬁg end . of .punch
92, outwardly extending tab 154 is preferably fdrmed on -
piston 42. Tab 154 theréafter;pfeVenté-piéton tube 42 and
operating sleeve.52 from;sliding:upward'relative to |

20 housing Subassemblies 32,34,36 and 38 a sufficient -
-distance for-flapper 56. tb close,_permanently locking TRSV
22 open. (Although thé apparatusfés.shown ih,figs;_l.
throﬁgh 5 is not drawn to scale to: facilitate.
illustration, it should be.ﬁnderstood-thaf.the-range of .-

25 travel permitted before the upwardly- extending end of tab
154'abuts‘shouldér 156 of'packing retainerWSO'is'not
sufficient to permit-any.appreCiab;etclosufefofﬁflapper

56). The opening created:by'punchsgzwin piston 42~61§o.~



22 open. - (Al though the apparatus as shown in Figs. 1 through 5 is not
drawn to scale to facilitate illustration, it should be understood that the
range of 25 travel permtted before the upwardly. extending end of tab 154
abut s shoul der 156 of packing‘retainer 50 is not sufficient to permt

any. appreci abl e closure of flapper 56).714The opening created by punch 92

I n piston 42 al so 14 establishes control |ine conmunication with the

borig;of TRIEtdDH1IMHE dBitRA daSid BintndrBlcaURIE G BREMBEIONSe Such as
the control of an insert valve. The release and retrieval of |ockout tool
24 5  fromRERSZ2)2 vifidie sy ed duslratilleniftad subderhidntooperdtirms 5A and
5B. After punch 92 perforates the wall of piston 42, formng-tab 154,

conti nued cowihnwasd they eyvmvitradf ofedn nosd! wWve.r ack nmandrel 66 and | ower
mandrel 68 due to the jarring and hydraulic forces causes punch 92 to be 10

retracted by track 9Fhsndelanss | tertrieysin@frdockant) kool &4 s

retrac%Fd i nsi de | oc housi n | ower ndre] 67 travels downward

t 70
rel ati Ve t(frPH\/\él'lRSIYoés%p:?gs e eshignd gk v 1 t¥ 78 drop* -
i nt 158 d i ntai.ned th [ 80..' F h 15
downwar o mEd8REn CRo P A AR e GHVE S HRR AR CaRs iRy T St mndr of 67
l"at i t Qs ' . at | 4 ' f
ockout t o, 4% Blthinly SR A, WYl AAIHE ol JE 2
col Il apsed liaah wandr#Ad B! Srébk miiddielP 6t An® 1cwel marddidP@e Gud he

seal ing dianmeter of seal mandrel 64 | oses
to the jarring and hydraulic forces causes punch 92 to be

gf'lo_ retracted by track 90 back into locator housing 70.  As
punch 92 is retracted inside locator housing 70, lower .
mandrel 67 travels downward relative to lower housing 72
to a point where lock ring ségments 78 drop into recess
158 and are maintained there by garter spring 80. Further
15 downward movement of seal mandrel 64, track mandrel 66 and
lower mandrel 67 relative to upper housing 68, locator
housing 70 and lower housing 72 of lockout tool 24 past
that~poipt is limited because collar 160 will éngage '
collapsed lock ring segments 78. After.punéh 92 is
20 retracted, the sealing diameter of seal mandrel 64 loses.
contact with seal assembly 116, thereby. venting the.
pressure being applied above lockout tool.24 and giving a
positive indication at the surface that lockout tool 24
= has completed its cycle.:
25 - : As track mandrel 66 and lower mandrel 67 .move
downward to the position shown in Figs. 5A and 5B, upsets
126,128 in track mandrel 66 are moved to a position

adjacent recesses 122,124 in the underside of locator keys



contact with seal assenbly 116, thereby venting the pressure ‘bei ng applied
above | ockout tool 24 and giving a positive indication at .the surface that

| ockout tool 24 has conpleted its cycle. 25 As track mandrel 66
and | ower mandrel 67 nove downward to the position shown in Figs. 5A and
5B, upsets 126,128 in track mandrel 66 pg£e noved to a position adjacent
recesses 122,124 in the underside of |ocator keys 15 100. Thi s

-~

al i gnment  pgpli t SThesahh ghat] parind teellraitcdlkelfis AIGY its® ddigratd i nto

| ocat or housing 70, releasing |ockout tool 24 from TRSV 22. Lockout tool ~
24 can t hedubeofeprofite 102t bads ihitac dokiatdrt ouing 70, Bylkeddihig 5
pul ling tool 162 as manufactured by O is Engineering Corporation. Referring

to Fig. 6,leackobtr tonboddnEmpmofTRSNe 220y eliockouts thicdc |24 eshnwttdveaz rbé ockout

t ool 200 conprises punch nmenber 202 having a blunt circular end portion .
204. 10 yetpinvadntpbEhe26RripreedbyapofevenFizemal fvpe "®8'cul ar * end
portion 204 is forced raaially outward through aperture 218 in cover plate
220 and pePfbiipgstprd: & 229§;mBP?f??fﬁfeﬂthhqy&%ﬂﬁﬂﬂﬁﬂ?ﬁﬁﬁ“&ﬁ-piston*
208, falls.into _apnpulus 212 within packing retainer 214. As punch nmenber 15
202 perfor‘é?’ég%?gi‘Sﬁ'zos, a protrusion in the formof annular lip 216 is
formed on the outvarghyeexlgRdisROrtsl! 6of sRiothllh Efbodiifyl dBLLgN Of

ed Dy n oulder

annular lip 216 is assSis tapéfed 4nnul ar sh 4" around punch *

merber 2023 h8RYE8H -_h'épdggélbggﬁe %i_lb%iﬁe okt o120 comprises

punch-member 202-héving a blunt circular end portion 204.

10 As punch-member-ZOz slides albng;ramp~206,-blunt circular -\

end portion 204 is fbrced radially outward through .
aperture-218.in'cbver plate;zzo and.perfo;ates piston 208.
Disk 210, which is punched out of piston 208, .falls into
annulus 212 within pécking retaiher 214. As punch member
15 202 perforates piston 208, a protrusion in the form of- -
annular lip 216 is formed on the outwardly extending wall
of piston 208. .The'formation_Of anﬁular lip 216 is
assisted'by tapered annular shoulder 224 aroqnd-puhch RS
member -202. Annular lip 216 thereafter performs the :same
20  function as tab 154 discussed above, abutting against -

' shoulder:222 of packing retainer 214 to prevent pistoﬁ 208
from shifting upwardly a sufficient distance to close the
QalVe;-'Infthis manner, the safety valve is locked opep; 
and fluid;communication is established between annulus 212

25 and the interior of the valve through'piston 208. |
(Although not shown in the detail view of Fig. 6, annulus

212 is desirably in fluid communication with é control .

fluid floWapath'Suchfas flow path 41 in Fig. 2A that~-_;.'

-
«



20 function as ‘tab 154 di scussed above,¢abutting agai nst shoul der 222 of
packi ng retainer 214 to prevent piston 208 from shifting upwardly a

“sufficient distance to close the valve. In this manner, the safety valve
i's | ocked open and fluid comruni cation is.established between annul us 212
25- and the interior of the valve thrgggh pi ston 208. . (Al t hough not

shown in the detail viewof Fig. 6, aniulus 212 is desirably in fluid

gmglt Catéo%ndﬂ:’?&@e&%&?ila*f Gihdd Qushatdy sdicn-as flow path 41 in Fig.

communi cates wth a surface controller). Referring to Fig. 7,
anot her embodi nent Qieﬁéﬁ:‘irgj/erfﬁ iy J 97 digidrad dfS@inen® o Uthd 00l 240
e

conpri ses punch nmenber 242 sirably having a flat circular end 5 surface
244. Taperietrentdesr i @i sclassgd aethdredre Sockaith Yol rd4@ eccivpir idegpunch
menber 242 prior to perforation of piston 256, and is maintained in
al i gnnent pundh menden24 desizablhbshving 2 ElatBushicoul @& 8&n& - retained in
aperture 250 and is forced out radially with 10 punch nmenber 242 until it
i s cofti gsarfaae 244 nFanered |ingexh A4h Ixadaptes ik 1estber 242 slides
along ranp 254, tapered insert 246 is forced radially outward through
aperture 298INST SHEaFe 4L REf IRPGh MPMLATE 247 RGPRHP Di sk 258, whi ch
I s punched o of piston 256, f into 15 annul us. 260 w f hi n packing
ot ol ner - PeF Forae i o Fiakan o e riF AR ing, 5 e ldqhnrtt s
tightly ng d_j f ﬁg [ lﬁp 6. Hlﬁ t I portion of
t apered i nser 'déﬁ’é}{]ﬁneér@f?tﬁpe ol:(rl"r#;si‘1 erhs%arsfe Bulhild iigj 1Y '
retained in aperture 250 and is forced out_ radially with

i

' \Jflo punch member 242 until it is contiguous to thé-inside wall
of piston 256. As punch member 242 slides along ramp 254,
tapered insert 246 is forced radially outward thfough
aperture 250 in cover plate 252 and perforates piston 256.
bisk 258, which ié punched out of piston 256, falls into -

15 "annulus 260 .within packihg retainer 262. As tapered

; iqsert 246 perforates piston 256, it becomes tightly
wedged in-the hole formed in piston 256. The protruding
.portion of tapered insert 246 thereafter performs the same
function as.tab'154.discussed'abovei abutting against

20 shéulde;.264 of packing retainer 262 to pfgvent.piston 256
from shifting upwardly a sufficient distance to close the
valve. In this manner, the safety valve is locked open. .
Also,'because tapered inéeft 246 comprises a radially

"extending flow channel 266, fluid communication is

x\

25 established between annulus 260 and the interior of the
valve through piston 256. (Although not shown in the
detail view of Fig. 7, annulus 260 is desirably in fluid

communication with, a control fluid flow path such as flow



function as tab 154 di scussed above, abutting against 20 °~ shoul der 264 of
packing retainer 262 to prevent piston 256 fromshifting upwardly a
sufficient distance to close the valve. In this manner, the safety valve is

| ocked open. Al so, because tapered insert 246 conprises aradially

extendi ng flow channel 266, fluid comunjgation is 25 established between
annul us 260 and the |nter|or of the valve through piston 256. (Al though not
shown in th tahl 4 ui [ I fluid L~
comuni catlgn §m ?% ?‘cgﬁl ro Ef %Slag I%gl\?lvﬁbg?:ﬁ%g%chﬁgle% ﬁvﬁlﬁédl? path 41 in i
Fig. 2A thatopepBuegates with a. surface controller). Although the
invention is described herein in relation to its preferred enbodi nent, it

i s understood 5 thahlﬁhbﬁghahherahnehtland1lndebcnﬂhedmheﬁéﬂﬂn1nnventlon
will |ikew se becone apparent to those of ordinary skill in the art upon
readi ng t herpiatton tiositssprefezmed embodimeptded tt i@t understigad of t he
invention disclosed herein be limted only by the broadest interpretation

of the 0 thp’peﬁabgrcaétﬁﬁattéom andt pedificatiens ofofhe [imyention c -

M S * 18 CLAIMS 1 A downhol e safety_ val ve co i Si
- will likewise become apparent to %hose of o 1nar§3sklll

in the art upon reading the-present-disclosure, and it is
intended that the scope of the invention disclosed herein

be limited only by the broadest interpretation of the

10' appended claims to which the applicant is entitled. ' -\

&



a. housi ng mearis having a | ongi tudinal bore extendi ng thUmlc" L"'M”
b. val ve closure nmeans nounted in the housing means, th Ve 'ﬂ
neans being adapted to control fluid flow through the |ongitudinal bord; %.

the val ve cl osure neans having a fi rst position 10 whi ch al | ows
fluid flow through the |ongitudinal boi? and a second position which bl ocks
fluid flow therethrough; d. a perforatable piston nenber slidably
di;sposed wi.thin the housing neans; and 15 e. - an operating sl eeve
di $posed Mn—'the housi ng means and connected to the piston nenber, the

operating js| eeve beigsalfsld vgégéahi‘;gﬁ;g ednpPidAsg{ i on where it |ocks

the val ve closure nmeans i1n the first position; 20 f. t he
perforatabl e pigt on HEERIg Mdy Havwie o | Mgl twdivesll (Bbate usi on t hat
engages the housing nmeans to limt subsequent notion of the operating

sl eeve and provi des dsttemiioggmthemsithmoughy ough the pi ston nenber. 25 2.
The safety valve of claim1l wherein-the protrusion is an outwardly

extend ng tab. b. 1%ave closurghanearisimounted 1 theiheusi®@rein .t he

protrusion is an outwardly extending annular lip. 4. . The_safety
val ve of claim1l whdeansi Hge valve closurg means being adapted to

control fluid flow through the longitudinal
bore;
c. the valve closure means having a first position

Nt 10 : which allows fluid flow. through the longitudinal
bore and a second position which blocks fluid
flow therethrough;

d. a perforatable piston member slidably disposed
within the housing means; and

15 e. an operating sleeve disposed within the housing
means and connected to the pistoh-member, the
operating sleeve béing selectively shiftable to

'-_a goéition where it locks the wvalve clqsure
means in the first position; -

20 = R the perforatable piston member having a
selectively formed protrusion that engages the
housing means tb limit subsequent motion of the
opérating sleéve and provides fluid |

communication through the piston member.

25 2. The safety valve of ciaim 1 wherein the

protriusion is an outwardly extending tab.



H frictionally engaged tapered insert having 5 a fluid flow
pat 'm H@\"ﬂﬁﬁ A safety val ve for downhole use in a well
conpri <l S|ng means having a | ongi tudi nal bore extending

t her et hr ough; 10 : val ve cl osure neans nounted in the housing

nmeans, the valve closure means being adapted to.control fluid flow through
the | ongitudinal bore; c. the valve cl oktire means havi ng a-first position

15 whi ch I
Second posPti on' i KRB Seretil yRabk’ By BRUE 4t Whglreadl W 0T Per 2 AV
rel easabl v, 208a0L0G% LORKCHl, k8B L LLAGIESAG By hagal tudi nal bore

for.use i nP val've ¢C ure nmeans fromthe second
position to the first position; e.  an operating sleeve disposed within
t he housing neans that can be shifted by novenent of the | ockout tool to an

open position where ihe2Bafety valve officliedimd wWh@redlnyehs osure means in
the first position; and 20 f. perforatable neans adapted to | ock the
operati ng prétyasiont he ep€riptibhadlyaetgaged dapenédl igweninihesting ’
t hrough t he perforatabl e means upon perforatlon by the | ockout tool.

5 a fluid flow path therethrough. :

5. A safety valve for'downhole use in a well
comprising:: |
'-a, - housing means having a iongitudinal.bore
" extending therethrough; |
10 b, valve clbsﬁre means mounfed-in'the housing
'means; the valve closure means being adapted to
control fluid'flow'thrdugh'the'loﬁgitudinal.
bore; |
“ c. the valve closure meansfhaving'a-first pqsition
.15- "~ which allows fluid flow through the?longitudinai
.bore and a secend pqsifign-wﬁieh-blocks fluid_'
flbw_therethrough;__" - I - ' <
d. ‘means for releasably engaging a lockout -tool
_intreduced'inte the 1ongi£udina1'bore_for use in
20 ' "moving the valve clOSure_meens from the second
position to the first position;
e.. an operating sleeve disposed Within:the housing
means thet canfbe shifted by movement of the
lockout tool to an open positlon where it
. 25 B malntalns the valve closure ‘means in the flrst

position; and

oo



5 6. :  The safety valve of claim5 wherein the perfor

a piston. 7. The safety valve of claim®6, further co m,””'m”m
annul ar recess in fluid comuni.cation mnth a surface controilef

annul ar recess having an upper ‘shoul der, t he piston being allgned wiih*

the annul ar recess so as to be engageaq#g mnth t he upper shoul der of the
annul ar recess upon perforation by the Tockout tool'# 8. A | ockout

togl for use |nfper”§§§ﬁ>£‘éthgié ngaAs Qasbg{ehn o }18&1&%&& aﬁ\éﬁialtﬁ ety

valve in a position apted.to permt ow t hrough the v

the tool conprising: sﬁeeve”Eﬁnihéobpéﬁ|ﬁé§§bh&neaﬁagbﬂavibé Qna&atlng
sl eeve; b. means for shifting the operating sleeve to a 20

position where the webhmaaieayival throaghoekedpeptoratable. meansans for
perforating a piston nenber connected to the operating sleeve within-the
wel | safety val ve toupehaperfaratibni byf tbe  packoukr togh.t he 25

pi ston nenber and sinultaneously form a * C L M 'S * 21
protrusion adapted to restrict nmovement of the piston menber within the '

wel | safet&evalve and thereb¥ mai ntai n_t he Qgeratlng sl eeve i'n the position
where ¥ || saf et Pheaftery YB%K§d°§'°1al 5 whergip,thet of

d|sengage”Eﬂ}fggaégbléoﬁéggg s a piston.

A

7. The safety valve of claim 6, further comprising
an annular recess in fluid communication.with a surface
controller, the annular recess having an upper shoulder,

10 the piston being aligned with the annular recess so as to
be engagéable with the upper shoulder of the annular

recess upon perforation by the lockout tool. -

8. A lockout tool for use in permanently locking an
operating sleeve of a well safety valve iﬁ a position
15. adapted to permit fluid flow through the valvé, the tdol
KV) - comprising: L _. - '
a. means for:réleasably engaging the operating
" sleeve;
b. means for shifting the operating-éleeve to a
- 20 _ position where the well safety valve is locked
- open; and
c. means for perforating a piston member connected
- to the operating sleeve within the well saféty

valve to establish a fluid flow path.through the

25 - piston member and simultaneously form a




erating sl eeve. The | ockout_ t ool of cl ai m 8 wherein
t hej Hmju”gmm ting the pi ston nenber conprises a punch nenber
ada vely shifted radially outward to 10 perforate the

pi ston menber " : The | ockout tool of claim9 wherein the punch
menber is adapted to perforate the plst%g menber . and forma protrusion
conprising a tab extending radially outWard fromthe piston nenber into an

adj acent recess int | Qek t ool oF“
claim9 wherein the. }Srn&% %raégg%%lp{gdy%ot%%? or aYelI%ﬁie: %I%Steg% menber ™
and forma protrusi O VBH |l A e PR Hhef ﬁéif”&'éf‘&t?“@&i@é kh@ around
the perforation. 20 The | ockout tool of claim9 wherein the
punch menber is adaptmiaﬁébyoeidmﬁmtﬂee popé it iRgheleend 1AdgRea tapered
insert having a fluid flow path therethrough into the perforation. 22

13. A | ockout - goxol tiommwhesrergthe. welk smfetngvalvée is| dbaogkeddi na

bore; b. a plurality of circunferentially spaced | ocator keys biased to
“expandSradial ly outvwgnﬂq/aﬂtﬁﬁfﬁisengagementtmé theslegkout toedndrel
nmeans slidably disposed inside the housin - a punch nmenber; and e. a

plurality of selecti /&gm r@%é&&ﬂ'@t#% éfﬁ%‘ge

L

9. The lockout tool of claim 8 ﬁherein the means
for perforating the piston member comprises a punch member
adapted to be selectively shifted'radially-outward to o/

10 perforate the piston member.

10. ' The lockout. tool of claim 9 wherein the punch
member is adapted to perforate the piston member and form .
a protrusion comprising a tab extending radlally outward .
from the piston member into an adjacent recess. in. the well

15 safety valve.

‘11. - The lockout tool of claim 9 wherein the punch
member isVadapted to perforate the piston member and form
a protrusion comprising an eutwardly extending annular lip

around the perforation.

“20- 12, The lockout tool of claim 9 wherein the punch

member is adapted to perforate the piston member and wedge

T

a tapered insert having a fluid flow path therethrough .

into the perforation.



10 : means for restrnctang relatlve nmovemnent bet he housi ng
and the mandrel neans: the mandrel” neans further conpri si né\jm muwumu”
sel ectively forcing a portion of the punch nenber radially '”
t he housi ng and nmeans for subsequently 15 retracting the punch ne " batk * .

i nsi de the housing; the punch neans furthler conprising nmeans for
perforating and form ng an outwardly extending protrusion in a surroundi ng

nerper whengyer the pANthckSEPetobs domsefsingh al Iy:-outward through the
housi ng, and means for 20 establishing fluid conmmuni cation through the

surroundi ng menher. 14.housing WEth o8 kDokigi @dindl charay 13 wherein the
mandr el means conprises at | east one neans for selectively maintaining the
| ocat or keys i n k. radaghlyrakieyndetl Cbrcupberentially aspacedolobethousi ng.
15. The | ockout tool of claim15 wherein the mandrel * C L
M S * 23 neans JeRpSikitased temxpane rdizllypytuardlubfromeans
adapted to permt relative novenent of the mandrel neans relative to the
housing’to a position mﬁe?%P?*EShandrel means no | onger maintains the

| ocator keys in the ra sitjon The | ockout
- t'ool . of any one Of cl%?'ﬁ‘il %allg %n\ﬂ’e‘?%llgzﬁy ’es?r%ﬁ%‘?e?nﬁ’e%?is Bnprises a
track mandrel haV|ng d; slldably engagi ng the punch nenber, the ranp
haV|ng | ongi tudi nal |y |spé§ed i nclining and declining secti ons

d. a punch member; and
e. a plurality of selectively releasable retaining
N 10 : - ‘means for restricting reiative movement between
the housing and the handrel means;
the mandrel means further comprising means for
seléctively forcing a portion of the punch member radially
outward through the housing and means for subsequently
15 retracting the~punch_meﬁber.back-inside the housing:;
the-punch.mgans fu;ther comprising means for
perfpratihg and forming an outwardly extending protrusion
- in a surrounding member whenever the punch member is
forced radially outﬁérd through the housing, and means for
20 eétablishing fluid communication through the sﬁrrounding.

member.

14. The lockout tool of claim 13 wherein the mandrel
means-comprises-ét least one means for selectively
maintaining: the locator keys in a radiaily-expanded

25 position relative to the housing. .

15. The lockout tqol of claim 15 wherein the mandrel



10—that—arerespectively adapted to force the punch nenber radi:ally. outward
and punch nmenber radially i#ward upon the application of a
dovvimjgllﬂml@mm‘ !e mandrel . means that is sufficient to overpressure at

| easts 0 hes retai ni ng neans and thereby permt 15 relative notion
bet ween the housi ng and mandrel neans, . - A | ockout tool adapted to
be inserted into a longitudinal bore in a piston operated, surface -
controlled S f ' ' ynggag; | DGl a val vel g
cl osure mﬂ%gﬁgdgégggggé?nstwhé\égt%\ggt?h%;g?i%gﬁv%g ety valévbelél)(ril@a%pen i
position rghapted 8 pbhemienselutifvel meRehenth®f e GARATN Medies forating
means .adapted to penetrate through the pi'ston and create a protrusion on

the pi stonrellapied to ghevhbusingods ag paisitiien alhetre R mandrdier and
establish fluid conmunication .25 through the piston. 24 18. A

| ockout t omeandapoedongepemainteaingd thet dogatongkeys dal the eddial Xy st on
operated, surface controlled, subsurface safety valve for use in

per manent | §xpaededgprasiiion-cl osure nenber di sposed in the subsurface 5 °
safety valve in an open position relative to the |ongitudinal bore, the
safety val ve having a housing conprising an annular recess-in fluid .

: . Cth : _ |l er., the |ock | | §f
et forat i nboncans f OFBeREEREbEnGoRe O ST ERase e 100 S kGiar ol y
ext endi ng 9ﬂ8£%#ﬁ'eﬁ$0@akggeﬁ'?%gﬁslé@ﬂp&Q%egs%a@Qéaw'miﬂaﬂafihaving

conmmuni cat 1 on ere et ween _ _
a ramp slidably engaging;the punch member, the ramp having

L

longitudinally disposed'inclining'and declining séctions '&“’
10 that are respéctively-adapteq to force fhe punch ﬁember

radially outward and then'rétract the punch membef.

radially inWard'upon.the application of a downward force

to. the ﬁandrel'meahs-that is suffidient3to*overpressure;at

least one of the retaining means and thereby-permit.i

. 15 relative motion between the housing and mandrel means.

17. AwlqckOQt-tool a¢apted*t0'be inserted into a
longitudinal bore in a piston operated, surface . _ c;)
controlled, subéurface=sa£ety vaive for use in permanently
locking a valve closure member disposed in the subéurfacé

20 safety valvé in.ap open posifion relative fo_the'
longitudinal bbre, the-tobl comprising perforating means
adapted to penefrate*through the piston and creéte a

protrusion on the- piston adapfed to prevent unlocking of

[72]

the valve closure member and establish fluid commﬁnication_ C

.25 through the piston.



annul ar recess and the | ongitudinak bore. 19. A flow control system
for an oil or gas well conprising: 15 """ a. a tubingJﬂ"

subsurface safety valve conprising a housing with a longit U ummjmmm”m
val ve closure nember adapted to be moved froma first. position bl bckfng® *
fluid flow through the tubing to a secopd position permtting fluid 20

flow through the tubing, an operating sleeve adapted to slide downwardly

W {hin therg ongi t udi Raj obRESE ! CodRi MabLed Neo VISt VEnSLPELECiABEDEr I'n the
second position, and a spring- biased piston nenbér-adapted to slide in

uni son 25 longitudinal Vibdle t e &PLStondoperered, bsurtacéockout tool
adapted for insertion in the longitudinal bore of the safety valve, the

25 | ockoutcdmotoXbed) | subguefdce ssafety tvViabve ofigr tuske nih persanenally

di sposed in the housing for rel easably engaging the operating sleeve of the
saf ety valdackingl auvalee chosure|mnemdey disposed in theli spbsedfaget he

| ongi t udi nal ‘bore of the | ockout tool; c. the mandrel neans further

conpr i3i nFafBhFR ISR amPEPRARCFHELeR EelativR BAnERe menber radi al I'y’

ool hous R doete ; e [ TbE e P LY eetng 2 RARs R at i ng
= comprising an annular recess -in fluid communication with a
surface controller, the lockout tool comprising
perforating means for penetrating the piston to create an
\’;10 outwardly extending protrusion on the piston, and for
establishing fluid communication thereby between the

annular recess and the longitudinal bore.

19. . A flow control system for an oil or gas well
comprising:
15 a. = a tubing supported subsurface safety valve

comprising a housiné with a longitudihal bore, a
-‘.yélyé'clpsure @ember adapted to be moved from a
fifst.position blocking fluid flow tﬁrough the
tubing to a secoﬁd position permitting fluid
. 20 : . flow through the tubing, an operating sléeve
adapted to slide downwardly within the
longitudinal bore to maintain the valve closure
member in the second~posi£ion,-and a spring-
biased piéton member adapted to slide in uniéon_
25 o with the operating sleeve;
b. a lockout tool adapted for insertion in the

longitudinal bore of the safety wvalve, the



§Téeve.is mai nt ai ni ng the valve closure memher in the second positian and
(aMn ﬂ ns is forced downward in relation to the | ockout 15

t I‘ E“nﬂ' [lﬂMﬂMe safety valve; and to thereby establish a fluid flow
path thrdugM tfie pi ston menber and form an outwardly extending protrusion

on the piston nmenber that is adapted to,gngage the housing of the safety

val ve and 20 limt subsequent upward novenent of the. piston
menber and operating sl 4§ F‘&ﬁi redst | YémpLid 15g S&f BdYs YRL Vi PRSI ng. 20. . W
A met hod of per rranent% cki ng open_'% surface con?r"g#l e%i, t ubi ng -
retrievable safety valgigyi@divaP Bére, | idédhs gL S5bse@" enaBHeShaukiageous!y
establishing fluid comunication between the valve .bore and a surface :
~controller, conprisinfpr heldegsbly ' engading. the | opepatLhggsdebirbi 6 String
including a tubing retrievable safety valve into a well -bore; b.

i ntroduci ng a | ockoutthecafdtwmlvee andimgndrel meansoslidabdygi t udi nal
bore of the safety 5 . valve, the | ockout tool conprising |ocator.
means &dapted to rel cikrpRsedngadéhe orgi Bedingl \eore of theedorkgus fir'st

retai ning means within the l.ockout tool, thereby causing the |ocator neans

in the | ockout too!"t‘i?%‘rfgage‘_ a profile in the 10 - - safety valve; d.
shifting an operating,gl Geugldh Satd’ Al¥eNdl “Somprising a punch

membei' and means for '-forci-ng the punch member

radially outward to_' perforate the piston member

¢

-

10 when (1) the 1ockout. tool housing and the N/

opera;ing sleeve are engaged, (2) the operating

 sleeve is maintaining the valve cloéure member
‘in thé second position and (3) the mandrel means
~is forced downward.iﬁ.relation to thé'lockout

15 : t&ol housing and the safety_valvé; and to

thereby establish a fluid flow path through the
piston member and form an outwardly;e#tending

: pfotrusipn qn‘the pigfon.mémber that is adapted.
to engage the housing of"the.safefy valve and

- 20 - : limif-éubsequent upwérd-movement of the. piston

membef.and ope?atihg sleevé relative to the

safety valve housing.

20. - A methbd of permanently idcking.open-a surface
contrblled;-tubing'retrie?able'safety-valve-having a

25 ;ongitudinal bore and simultaneously estabiishiﬁg fluid
communicati’on between the valve bore aﬁd a surface

~controller, comprising the steps of::

(3



to a position where it prevents,cl os-uf__e of a valve closure W
n

ockout ool | ther by causi hg-pumch means w Lhin The- 1 ackout mfﬂﬂﬂm mmw:

perforate a piston in the safety valve at a point adjacent an annulus®ns "«
the safety valve that is in fluid cormu%catic’m with the surface

contxoller, to create a 20 protrusion on-the piston that |ocks

t heqoper ating slggeve Jd-odldihd | UK i e glt!{@. [STSSTI N and to
establish fluid comuni cation Petween tie surtace ‘controlder ancf' e well
bore; and 25 - fretricuusblyg ddrdyGal1Ve MBS Lhdie dadeout tool to

di sengage fromthe profile in the safety valve, permtting w thdrawal of
the | ockout toob.fromnttredudiing stidakput tcdl through the camilig e safety
val ve constructed and arranged for use and operation substantially as .

descri bed herein wit ftrdhg dmte the Hongddndiaali hpntr of fye s2fety . A -
| ockout. tool for a safety valve, constructed 5 and .arranged for use and

oper at Pon subst ant i aM&) Ves db&c LosEe e to0d \ﬁOE‘Wrriaiéﬁgefé@atWﬁ _ﬁl@ans o
acconpanyi ng draw ngs.,_23. A flow.control systemfor an Qi or gas
wel | constructed andagﬂpiﬁ&e&"f 5?1&95%4@ SHPIE %ﬁ’%@afeﬁ%éﬁa&ﬁ{qral ly as
descri bed here|E.mAth&%g%&%Bp% %&r%&?rétaining means within the

-

lockout ‘tool, thereby causing the locator means
in the lockout tool to engage a prbfile in the
\“)10 saféty valve;

d. shifting an operating sléeve in the éafety valve
to a positibn where it prevents closure of a
valve closure means within the safety valve;

. e. releasing a second retaining means within the

15 lockout tool, -thereby causing punch means within

the lockout tool to perforate a piston in the
safety valve at a point adjacent an annulus in
‘the safety valve that is in fluid coﬁmunication _

with the surface controller, to create a-

\_//
20 protrusion on the piston that locks the
- operating sleeve and valve closure member in the
open position, and to establish fluid-
communication between the surface controller and
. the well bore; and
25 f. causing the laocator means of the lockout tool to

disengage from the profile in the safety valve,
permitting withdrawal of the lockout tool from

. the tubing string.



__aECUWﬁﬁﬁVTﬁﬁéafaafngs-_34- bed ﬁ et hod éf;lgpking open a downhol.e safety
v / as descri bed herein. B
g # heren -

10

27

21. A downhole safety valve constructed and arranged

for use and operation subStantially_as described herein

with'reference to the accompanying drawings.

22. A lockout tool for a_safety-valVe; constructed '
and arranged for use and operation substantially'as
described herein with reference to the_acqompanying

drawings.

23. A flow control system for an o0il or gas well
constructed and arranged for use and operation
substantially as described herein with.refereﬁce to the

accompanying drawings. .

24. A method of locking open a downhole safety valve

substantially as described herein.

-
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e



