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GR¥RI ENTI NG A GAS LI FT VALV>r RELA'““M\W“MMO\IS 5 This is a
continuation-in-part application ofU. ion Serial No. 08/912, 150,
filed August 5. 1997, which clainms the hegeéit of U S. Pravjs]
Application No. 60/023,965, filed August 1 ~, 1996. This B¢ 3bo2

continuation-in-part application furwmm,mﬂlmwumm he benefit of U S.

Provi si onal Application No. 601073, 9 ruary 6, 1998. BACKGROUND
OF THE INVENTION 10 1. Field O The Invewrdghgga The present invention rel ates
to subsurface well conpletion equi pment and, nore particularly, to an
apparatus for lifting hydrocarbons from subterranean formations with gas at
hi gh production rsék)ﬁgO(fK@aiMAHﬁéﬂﬂLﬁO%ﬁ’éﬁﬂNmé GAS LAKE Nakddnt and

det achabl e actuators are disclosed. 15 2. Descri~~Ln_Qf The Rel ated Art
Artificial lift systens, |ong known by those skilled in the art of oil well

production, are used to assi StREDATEBR A®PPLICLTIONS of fluids from
subt erranean geol ogi cal formations. The nost ideal well for a conpany

concerned with t16sigd ofkiitionin-purt application 5 108eA IR0k E&HABNS 8%/0RalH Yiland
w t hout assistance. Oten wells drilled in new fields have this advantage.

In this ideaug@aseloot,Mtichessitededflt (71U, 8 Peovidionsl WGhR@LONdTBE/MR 65 Siledr eat er
than the hydrostatic pressure of the fluid in the wellbore, allow ng the

wel | to fl owupdst PUDIAT Thif kitiahatibh-fntpartHRPRMEIn, fudifer 3Min the BERKI SYOUfOr mat i on
mat ures, and sone significant percentage of the product is recovered, a

reduction i provRRndl ApPRdaii N 66542, MECREbfary W {98t hi s reduction in
formati on pressure, the hydrocarbon issuance therefromis |ikew se reduced
to a point where the well pBadkuREUNDICEHPINDENTI@SRSI Stance, despite the
10 1. Field Of The Invention
The present invention relates to subsurface well completion equipment and, more
particularly, to an apparatus for lifting hydrocarbons from subterranean formations with gas at

high production rates. Additionally, embodiments of independent and detachable actuators are

disclosed.
15 2. iption he Related
Artificial lift systems, long known by those skilled in the art of oil well production, are
used to assist in the extraction of fluids from subterranean geological formations. The most ideal
well for a company concerned with the production of o), is one that flows naturally and without
assistance. Often wells drilled in new fields have this advantage. In this ideal case, the pressure
20 of the producing formation is greater than the hydrostatic pressure of the fluid in the wellbore,
allowing the well to flow without artificial lift. However, as an oil bearing formation matures,
and some significant percentage of the product is recovered, a reduction in the formation pressure
occurs. With this reduction in formation pressure, the hydrocarbon issuance therefrom is

likewise reduced to a point where the well no longer flows without assistance, despite the

<1-



of , ,i~ P 6 August 2002 presence of significant volunes of valuable
pr‘ﬂd&ct still in place in the oil bearing stratum In wells where this type
of production decrease occurs, or if the formation pressure is low fromthe
outset, artificial lift is commonly enpl oyed to enhance the6r ?@%{eﬁd »f oil
fromthe formation. This disclosure is primarily concerned w one (t)ype of
artificial lift called "Gas Lift." 5 Gas |lift has |ong been known to those
skilled in the art, as shown in U S Patent No. 2,137,441 filed in Novenber
1938. O hemregamefisignificans sokames; of vargble psodyetistill ineiece ingthecilb@ringatunt. INos .
2,672,827, 2,679,827, 2,679,903, and 2,824,525, all commonly assigned

heret o. Ot WeHs whesythis ivpe effrodyetios degseraa-eaurs. ar if Wis Sormatiop grepsuesl inldw ftonBthe Pat ent
Nos. 4,239, 082, 4,360,064 of common assignnent, as well as 4, 295, 796,

4,625, 941, ouiset, aifegl i is copyionly emploged tp arhapgegherecovery af ¢il foem i fardatian.
furthering the art of gas lilt valves in wells, recent trends in drilling
and conpl etThisiisclegmis gurgrile sgrogrpedawith due gine plpntifidiad Hif) callel ' Ghs Lnftf’at i ons with
this matured technol ogy. The econonmic clinmate in the oil industry of the
1990' sSdemands G#sdift lis [longbeehuitniony ta thngsakilled inghodt eeshopnan DiS. Patehiado. i s now
exponentially nmore difficult to exploit, in less tine, and w t hout

i ncr easi ng 2g87.¢ddiledon Nhembem93$re@thergatents oftsoms bistatic sipgficancpaee UiSaPatins
currently being 15 enpl oyed is deviated and horizontal drilling, which nore
ef fi ci ent | WNodrs7282h 2b79 82, B0, HBanidrdgh2f G2 rall conmonl i hisgnédicreea S@them
production makes it necessary to use nmuch | arger production tubing sizes.
For exanpl enord receptalavedoppargs in tids fldindlwic V.S Pachndivs. 6239,083) 413508640 ltBraino oNTroN.
Today, tubing sizes of offshore wells range from4-1/2 to 7 inches. Wile
much nore essignmem, abevelhasclCRISZ8H, #6254 Lanid AJ76, Hods While these patemy#iindtonwibakd gas 11 ft
t echni ques have reached or exceeded their 20 operational limt as a result.
I n ord@r f o fudhdring ibe reoffgadduabes intvells, mhangirepdsin diilitg and cprmgletlon e&cidusasre and
velocity of the gas flow ng upward through the tubing nust be maintained.
Gas i nj ectergbs¢ il bighhight lopg felxdinatatians swth thismathired techirdlogecr eases t he col um' s
total density and pressure gradient, allowing the well to flow. As the

tubi ng si ze i ncTleagemmi¢ blématoinuthe obfindysty ofabril 396W demamiaiting all prddogngvel | in a
flowng -2 .r 6 August 2002 condition increases as the square of the

i ncr ease i rompHdiengrodlicamad eil,. that fs nbw expeodntially nafre diffieulgasxdloif, tnilesgtiinbendi | i s
not mai ntai ned, the produced oil falls back down the tubing, and the well
suffers a oathduttinopsasiog pineo il tie konsyurera Oné bwagistnltechpiqiie that is clveendphbeing of gas
is too great, the cost of conpression and recovery of the |ift gas becones
a si gnsfi canplopeiricdeniatd enddforizdnel drillirguehictomore effitientifsirains hpdrodatbon bédaeingsi ze of a
gas injection orifice in the gas lift valve is of crucial inportance to the
st abl e ope rfarnatioms.cFhis ihaeaggein prodRtipomakes it negessary tofuse mudhyager progletign fubirgd
dianeter orifices in a range up to 314 inch) which may be inadequate for
opti mal pr cthest Faorxdmpld, ar yrersgiasind$/8 inch pimdngion niblirigswas inmet dommanatTioday, i s
geonetrically limted by the gas lift valve's requisite snmall size, and the
posi tion oftubingsizgef affshoe wallshrange St 442 ad 7 pmcbese nWileamfich hob @ilecat be ough t he
valve far maximumflow. L O Because well conditions and gas lift

requi r ementpgododed frgm tabirerthis large, cobveoimalgas lift techniqresthine reached of exaedded thpier at i ons
are also constantly aware of the conprom se of well efficiency that nust be
bal an@d veatpatagonblimmicestresok. | nt ervention to install the nost optiml gas
lift valves therein as well conditions change over tine. Well intervention
i s expensive, nisirdeefopeitiodk psodenrd wilizing gasdifiod fredise velume arsiMsbeiy afidhd @3 so a
val ve that can be utilized over the entire life of the well, aid whose 15
orifice si zfiowiigphpwar theapgletht tubing wusthe maiotained) aailjected vt thehydhsintgicolgmaownhol e
conditions, is a long felt and unresolved need in the oil industry. There
is al so a nedulid detressesthy edlumyelstotal Sdnsivsednd @rebdnget gratient, allaydsg thajvelt to flow.ori fi ce
that is |large enough to inject a volune of gas adequate to lift oil in

| ar ge di aneaethe pitdshuGe iQdtedsesh e Folutda @f @as Bqided @ Main@@GhE 0kl ¢t & flewinpg and
novel operating nmechanisns for gas |ift valves that will not inpede the

sl ow of injection gas therethrough. 20,Finally, there is a need for an
approach to orienting a gas lift valve relative to a first side pocket
within a mandrel into which the gas |ift valve is renotely inserted and/or
relative to a second pocket, within the sane mandrel) that is parallel to
the first side pocket. -3



6 August 2002 SUMVARY COF THE | NVENTI ON The present invention has been

eotﬁ enpl ated to overcone the foregoing deficiencies and neet the above
descri bed needs. In one aspect, the present invention is a gas Lift valve
for use in a subterranean well, conprising: a valve body W §h dust 2002

| ongi tudi nal bare therethrough for 5 sealable insertionin a ngre ; a
variable orifice valve in the body for controlling fluid flowinfo the
body; and, an actuating means connected to the variable orifice valve.

Anot her f eenndition ifcrepses 8s he prawte obthe tikgeeagerip Subing diametent §if e viokime lpfithe ighre
actuating neans may be el ectro-hydraulically operated, and may further

i ncl ude: aliftipgitheioil is gotarpaibedcthe produced al falésvbackivoive thedubiignand therweB ks i ¢ not or
connected to and driving the hydraulic punp upon receipt of a signal froma
control pamednditib® corpapaly knewrcasr“tading yp.€ dhihe blede pHeaamctos esmothelbasgof 0 t he
action of the punp; aiid, a noveable hydraulic piston responding to the
hydr aul i ¢ cimpeassitirapd seqeiveryse tha dift\gad becanen a e giiBaintpercertage vtthe mhduetianrcosti ce

val ve, controlling novenent thereof. Another feature of this aspect of the
presem i nieatcsumthe sizet dfatgadihjectmo brifice im the wedifovaivgys dfentiabimpbmantaid ehea
position sensor to report relative loc~ltion of the noveable hydraulic

pi ston to ithtde gentiorodf tisawel. Pribnot des tiftvela¢siemplog flixeddismaapefites af a thbget he
present invention is that the actuating neans may be selectively installed
and retri ewstbBis inbdf widthadayf teduadtduete daoplimdl prodadtive in 1Agedimasted tetaiigirBusof t hi s
aspect of the present invention is that the actuating nmeans may further

i ncl ude at sikedimsitatiniegepmesisdly Emitedbysichipaselift vabeuaLigiad sinaly sivd, ard tHelpesitigndr aul i c
circuitry, and transmtting collected data to the control panel. Another

f eat ur e of oftiBioperaing@ekchanfsmi, Whicppresatta fR0bdrenhengh e valge fohabxitilie flagt uat i ng
means may further include a nechanical position holder. Another feature of
this gepect of BebmsdwetiopmditidndMelphs iireqfrenBidt cafig oerttiit ihBg@ skitadis wteny be
selectively installed and retrievably detached fromthe gas |ift val ve.
Anot her f eat ofiveell @peritiohsara sipeahstadtly talvere Pf 8 edifiprorivedttviell BfficiendytRdt nfukte
actuating neans nmay be hydraulically operated, and may further include: a
hydr aul i ¢ behatlmatddiversin thd ant df ieatendon to imstalldhe mdst Atigiabdas Rl02vaoverdiindse housi ng
and operatively connected to the variable orifice valve; a spring, biasing
t he vari ablell esndftionschurde\veeritimea Welil ihteiwkrape th erpmbive, aost eagediallygén greléfkt one
control line connected to the hydraulic actuating piston and extending to a
hydr aul | ¢ pff6:sdf @bsgowelseso aAnloe thatrcad aitilired owdr thie Bntie ks pixtid welk aiidivéhogr esent
invention is that the actuating nmeans nmay further include a position sensor
5 to nepor brificekia ind udsamert iflow radd cah beadimies alrhaginy dévathble cofaitivh) 3 atlenga cont r ol
panel . Another feature of this aspect of the present invention is that the
actuati ng mians uiresplvedifidel &t the oit inthebay aThdreia akso omed fur @ aswef gasliftanlselthaer

comuni cating with the hydraulic actuating piston, and transmtting

col | ect ed Hatagas injeti@oorifico thapiaivede. enduphitd mject ealwresf ghs ddbjuste asipfecil inof t he
present invention is that the actuating neans may be selectively installed
and retri evagd yadatrombadtidr mbing.h&hgads kisd & nval foe difftfingAmdt fosel dperatingr e of
this aspect of the present invention is that the actuating neans nay be

el ect r 0- hy @teshshnism} fargds A walves thiterill inncimpelds: thaflow e sfectionegas tlecthroughl | vy

pil oted hydraulic solenoid valve | ocated in a downhol e housing; at | east
one hydr aulfinally; Gieiclisd nebd foeancappiosh teatiehtingtalyes lifovatveaelstive & o/frstaind peokeendi ng t o
a hydraulic pressure source; hydraulic circuity connected to and respondi ng
to the act ivathinaf mirdeel 5@ ©kich the gallifevalva idkematelyoisedddl aad/bydiaaee th & sqebst on
responding to 15 the hydraulic circuitry and operatively connected to the
vari abl e OrnpbéKet; @itkiahe@amemaridrdd) thdt gparitisieniaatirst fiderp@eifer. Anot her feature of
this aspect of the present invention is that the actuating neans nay
fitrther include a position sensor to report relative |ocation of the
noveabl e hydraulic piston to a control panel. Another feature of this
aspect of the present invention is that the actuating nmeans may further

i nclude at | east one pressure transducer comrunicating with the 20
hydraulic circuitry, and transmtting _gql | ected data to a control panel.
Anot her feature of this aspect of the present invention is that the
actuating neans nmay be selectively installed and retrievably detached from
the gas |ift valve. Another feature of this aspect of the present invention
is that the actuating neans may be pneuno-hydraulically actuated, and may
further include: a noveable hydraulic piston having a -5



r 6 August 2002 first and second end, operatively connected to the variable
or{fixce valve, controlling novenent thereof; at |east one hydraulic control
| ine connected to a hydraulic pressure source and communicating with the
first end of the hydraulic piston; and, a gas chanber conneg\%ugpz@p
comuni cating with the second end of the hydraulic piston. Another fTeature
of this aspect of the 5 present invention is that the gas |ift valve may be
retrievably |locatable within a side pocket mandrel by wireline and coil ed
tubi ng i ntervention tools. MY OFERE ENVENTHIN aspect of the present
invention is that the gas lift valve may be selectively installed and
retrievably detlhep@ésentipesaiiantas been epatemplatediogysreomgibe foragoipdefigieeciesfand hj s
aspect of the present invention is that the actuating neans may be

sel ecti vel festitherabpvealdscribrd needsy [neapgiasppctoibe presratinyantien is heasdidisvalvieffar ugeal ve. 10

I n anot her aspect, the present invention may be a nethod of using a gas
lift val vein msubtegrativoie wekireomprising: | 3 vadeengedy aith @: longitudiagl [bpr ghesetlirpught fomandr el
and a second mandrel in a well production string that are in operational
conmun$ cat ealablc inedriidnew aupkndrdl; resiariabile erificavalhgrin thbbaly dor cdritrokingifued Aow tntoval ve i n
a first mandrel; installing a controll able actuating neans in a second
mandr el ; athe bodypnbd, @h hétwrging ineany eorineds¢deto dhrei vhiiable ayidise Valvet Anathercfedvyre sfur f ace
mani pul ati on of a control panel that 15 conmunicates with the actuating
means. Anothiseaspdceaf the preseht inbingomsplat thegfctubting meaesway be ¢iscgmihiydmulicgllyt hat t he
met hod of installing the variable orifice gas lift valve and the actuating
means nmay byerdwd, and mey Funtberiinvtude: vadrytitaolic. pufipddchted infaglawvaioé hotisitghias elagiect  of
the present invention is that the nmethod of installing the variable orifice
gas lift valotsecoandtet toend drivirgttherhydmeliopmmpaponiyeseipyofe sighad ttorh abontig! panel;
intervention. 20 I n another aspect, the present invention nmay be a gas |ift
val velb or Hpdrawdibleiycuitryt doatheed mgand ngspordingrto glesaciiont of i minipt end, amsamabel| |
conprising: a valve body with a | ongitudinal bore therethrough for seal able
i nsertion hydrauliepistck ebponding/a the Apdraulivrciréuicyeand apargively connectéxid yhefvariable
controlling flow of injection gas into the body; and, a noveable hydraulic
pi st on conpgfideadlve,ccontidlingamodbiest theredfi ¢ Anathdr featan df this asermefithe ptesedn Wi th a
source of pressurized f<uid; whereby the -6 6 August 2002 armpunt of

i nj ecti on gasentiontsthatuled tiariigon¢ahemag Rirtherindudgha gokigonysensoaly epwt fefativee val ve
is controlled by varying the anmount of pressurized fluid being applied to

t he noveablleeatioy df eimbcalpe bitdenlic pisat thére chbsml pand. dhothdrifstvasgfalds aspéct bhe
present invention is that the source of pressurized fluid my be external

t 0 t hasgas tHeiprdsent ddvestioarnidtharlyc domatingameans trap te setectively igaallet iafd reumbably t hr ough
a control line 5 connected between the gas |ift valve and the external
source of p[detechsdifrorz et ghd lift vhlveAnot her feature of this aspect of the present
invention is that the external source of pressurized fluid may be | ocated
at the earth's Anntfeafseture/iuidtidwspect efdbapresentfinvehtion inthpalhd acthtintgheeaps maent
invention is that the source of pressurized fluid may be an on-board
hydraul i ¢ sytheeinalidaal lesdi ang pregiude yrausduder @mpamnoating wath ¢t hiydradicdowntnolaad housi ng
and in fluid communication with a fluid reservoir; an electric 10 notor
connect ed tuansaitlinglcallectadydatdte theyedntzal panel. p Anpther festure efghis pipecyof the giesgntil from a
control panel; and, hydraulic circuitry in fluid conmunication with the
hydr a@bi ¢ pmvemtioaiscthdt e abwatingmedns mpy Sirther inciidea necharficabpositien pdet. pthgs pect  of
the present invention is that the gas Iift valve may further include an

el ectrical fesmreuof thisaspeoad thengesedtdnventitnrip thapthe adtuating tnkaas gay bk sdl¢ctivady ve f or
providing a signal io the electric notor. Another feature of this aspect of
t he pr esentinstdli¢€ mdiretievably détadhed faem e ghs/lifk ealfei ¢ system may further include a
sol enoid val ve located in the downhol e housi ng and connected to the

el ectrical condanéther fdarrefthisnsiect of the pesait ineantiomigthathies gomaing measathybe ui d from
the hydraulic systemthrough the hydraulic circuitry to the hydraulic

pi ston. AnalydghlidaBpbpirfted find Rbp fathpeiatiuef 4 helrqtie samting p@ntldcardiisat hat t he
gas lift valve may further include at | east one pressure transducer in
fluid communi cation with the hydraulic,circuitry and connected to the

el ectrical 20 conduit for providing a pressure reading to the control

panel . Anot her feature of this aspect of



the present invention is that the gas lift valve may further include an

ups ream pressure transducer connected to the electrical conduit and a
downst ream pressure transducer connected to the electrical conduit, the
upstream and downstream pressure transducers being | ocated W&JQUQQ gas
lift valve to nmeasure a pressure drop across the variable oriffce valve,
the pressure drop 6 August 2002 neasurenent being reported to the control
panel through the electrical conduit. Another feature of this aspect of the
present i nd@mbple housise prdpperptinslygepandcied to thetagebleraifics valteh e springciaste tee posi ti on
sensor to report relative |ocation of the noveable hydraulic piston to the
control pawsiable arifiecheve fina fullrcbosest positipe; andpat beast ofie edatroldinesenmectedwednet i on i s
that the gas lift valve may further include a S nechanical position hol der
t o mechani byrduiic asgtingeistdngnd ¢xteadipg fojadiyéreulio prefstiusesowred. vanatienteans of thisi t s
desired position if conditions in the hydraulic system change during use.
Anot her f esspest of thefpreserit invensior istthapthe adnating resrenmay futkartitcbude & gositivatsertsbre

vari able orifice valve may be stopped at internedi ate positions between a
full open wmepog rdlativ locdtions efthqroevettilolrydtaplicmijterstt atchmrof pamel. oAndtiey fatuieon gas

t heret hrough) the variable orif ce valve being held in the internediate
posi tions bfithis ispecpafsheaprasent idertioh et thémwatitvgrmdaeahay fertlef intlodesat Rapeet of t he
present invention is that the hydraulic systemmy further include a

novabl e voprdsyere aeanpiaees aboumupicating nwittothe diydpablacacngtisg pdtonrendofrankihittirgg t hat i s
utilized as the hydraulic system operates. Another feature of this aspect
of the presdiadted dataemns carol mndl hanhothdn dcamaer df dtlid @per offthacigreseat] imentitmyis thatr t her

i nclude a carbide stem and seat. Another feature of this aspect of the
present i niheadtaating meang that betstlectivgiy thstalled mmdretievaply detaahedifrovh the gastlifi vest one
injection 15 gas port through which injection gas flows when the variable
orifice¢@e val ve imotpdmmturdofobihespedt efabapraem inveribsis ampe tctiating enpmaystent
invention is that the gas lift valve may further include an upper and | ower
one-way cheledrodglradicl adataydurtier inppdes iat leassordeicwitallypdlord hyddulie sadénofdi ce val ve
to prevent any fluid flowfromthe well into the gas lift valve. Another
feat ure of villd BcaAspRC dovdhblh dowings e teast pue hdraptic iconttohdihe tdh@ecgrdSo Ithief t val ve
may further include | atch neans for adapting the 20 variable orifice valve
t o be renosddngidaalpd oy ecteraling to £liydraeNegdessufesotide rhyfieadlicieirenigicotnkital tasdect  of
the present invention is that the variable orifice valve may be renotely
depl oyed argpondihg tocheadtidnyf tht sdi¢rpaitvalye o, roovedde hydimuligpistdmatjoading ®at ur e of
tlus aspect of the present invention is that the variable orifice valve may
be renwt el yhedgplagiicedrcaing anéopéraivels dogneced ko thatvariableodrifine velve, rventroNivgt her g
6 August 2002 feature of this aspect of the present invention is that the
gas |ift valovenewettertafr Anetherifeatireicfahiaaspert vishecmesamcveotiondoihhigbe actuatignot her
aspect, the present invention may be a gas |ift valve for variably

i nt r oduci neheamsjnmg further ighele & pdsion sensolp togrepoa nedaime bvedtibn oftbapovestlatydraglicval ve
body with a | ongitudinal bore 5 therel hrough for sealable insertion in a
mandr el ; apBiodn@akéntrobgantlr oAndthen deatiomofaln$s aspedt of thh eregeans inverftion vscthatehef or

provi ding a supply of pressurized fluid thereto; a variable orifice valve

i n the bodycthaing cemsmaly|farttgr inklode abfeast opewessweatgaducertomntunigatingdsith tie spri ng
bi asing the variable orifice valve in a full closed position; a noveable
hydr aabi ¢ piydrhie cirasing atdctthnsoittingeoNeared disk © acontfdl panel adnother featdre ofithisact uat i ng
pi ston | ocated in a downhol e housi ng, connected to the noveabl e hydraulic
pi st on and adddcti of tiopresenti invehiionnis tat the itteating ntears| mdyi leeselevthvelydhsyallehendanount  of
injection gas introduced into the well through the variable orifice valve

i s contr ol l;adevapy daichedfiorh bhe gasitfiwalveof pressurized fluid being applied to
the actuating piston. Another feature of this aspect of the present

i nvention is thafotiehfratenf thislaspettotheprysetidnventivn éxctha thetactuating oetans enap be
pressurized fluid |ocated at the earth's surface. Another feature of this
aspect of thheunRrigaamicallyuemakd, afd mey fidief inthiR: @asvdablethydtallicpistanavifi 4 ur t her

i ncl ude a mechani cal position holder to nechanically assure that the
variable orifice valve remains in its_desired position if conditions in the
gas lift valve change during use. Another feature of this aspect of the
present invention is that the variable orifice valve my be stopped at

i nternedi ate positions between a full open and a full closed position to
adjust the flow of injection gas therethrough, the variable on face val ve
being held in the internedi ate positions by 20 the position hol der. Another
feature of this aspect of the present invention is that the variable
orifice valve may further include a carbide stemand seat. Another feature
of this aspect of the present invention is that the mandrel nay be provided
with at | east one injection gas port through which injection gas flows when

M I T o T o, b1 o o M



6 August 2002 check valve | ocated on opposite sides of the variable orifice
valklve to prevent any fluid flow fromthe well into the gas lift valve.

Anot her feature of this aspect of the present invention is that the gas
lift valve may further include |atch neans for adapting they&g'&pbg@
orifice valve to be renotely deployed and retrieved. Another ture of
this aspect of the present invention is that 5 the variable orifice valve
may be renotely deployed and retrieved by utiliraiion of coiled tubing.

Anot her f ealirgfedd rond sids oppegtixely caspeqiqddo e aariable orificesiatvie antrallingiraqvembns

vari able orifice valve may be renotely deployed and retrieved by

utilizati onfh@ofiniat deaptnene bxdrawliseqontre Jing cannspted ki & hudypic tpressure aurgeraadent
invention is that the gas |lift valve may further include a valve connection
col | et. | n WAGWAERInGsHE e first end opthe Bednaulic pigent indne gag phapwercogaestell tf andval ve
for variably introducing 10 injection gas into a subtewanean well)

conpri si ng: commygicapag %E&CWCPW ead ofdhediydraelicipistonh Snasher featusstofithsagiectiobthe seal abl e
insertion in a mandrel; a val ve-open and a val ve-cl osed hydraulic control

| i ne cénneciresdottipventien igalwt thi ges hvahe thayr bepetgivyabiydoratiblalwithingéidesockdt
pressurized fluid thereto; a variable orifice valve in the body for

cont r ol | i ngmédndwsipyorireling and coilsd tujing interventiphtools.o dynothenfehturaofithis espeétef thydr aul i c
pi ston connected to the variable orifice valve and in fluid 15

communi cat i reesentinventioh & thatthe gasdifienlvamdy baselestilyossallethyrdrretibvablycienthed! | i nes;
whereby the variable orifice valve is opened by applying pressure to the
hydraul i ¢ piran the atthatinggieans eAnptiles/oaupee of thindspast ofl theywesamdneheeds gt t f
pressure fromthe val ve-cl osed control line; the variable orifice valve is
cl osed by agspatrigmpapy eaysherseledtiely staliaddindtetricyaby detaghediftomabigims iftevalve.

val ve-cl osed control |ine and bl eeding off pressure fromthe val ve-open
control0 | i ne; ahudgnothaeasaert wretpresént AFention ewy boamghsd oftsingdgesdidt vaiedn  he wel |

t hrough the variable orifice valve is controlled by varying the anmount of
pr essuri zedublemangdarb®elhromprding: dinttalisg d fipit echndrtlf anfi raoserdnl endnygdl aud well pi st on

t hrough the control lines. Another feature of this aspect of the present

i nvent i on imodubtinn string thetom in operdtipmab spmmanichtione camieedcidstdlinga wdahlceifcé
pressurized fluid |ocated at the earih's surface. Another feature of this
aspect of tdweliprabednt tirshmendrdloimstliing heontrolkpblegetsating miens Vred secordanandirel; t her

i ncl ude a nechanical -10 6 August 2002 position holder to mechanically
assur e t hatantliventodlinig dits| veriableiofifiecegayléft vedvebe pufapsmdnipulagonthd s icorem] proslithdt on i f
conditions in the gas lift valve change during use. Another feature of this
aspect15f tdvenpniggesnrithithpagmatingmears. Ahcther fdatrevod thisabteet of thefprosent inaéntien may be
stopped at internedi ate positions between a full open and a full closed
posi tion t ois&dd} thetmethod of ingtelling the variedle pufire gaslift Yebreand the aangiting mbans Mayar i abl e
orifice valve being held in the internediate positions by the position

hol der. Anobehmrwifeding integventiont lAingtherdenture ofthis aspect of e prasent invemtion iothat thet hat t he
variable orifice valve may further include a carbide stemand seat. Another
feature of methel cigselling b variakle prifiss gastliftivalyeanditheraciusting eanstnipy bebndeiklt may be
provided with at |east one injection gas port through which injection gas
fl ows when twhisg intarventitne orifice valve is open. Another feature of this
aspect of the present invention 10 is that the gas tiff valve may further

i ncl ud20 an uppern anathet aspeet; the presentipvantierciay /el ages lifo vadtedor variahtpipreducing si des of
the variable orifice valve to prevent any fluid flowfromthe well into the
gas lift vainkstion/gestifier shigertancan wrdl, cimmismgpectlvebodiheitlpr degitdinahbemt i on i s
that the gas Iift valve may further include |latch neans for adapting the
vari abl e or thefetheougia foresedlabldoimsartéomoin el mardesh| @yvadabimetificetvaliveirethe bddyofdryer
feature of this aspect of the present invention is that the variable
orifice val ventrdlfingffow dfénjectiomgsslinto the podyy add, andbveable hydragid pision uornketakdi on of
coil ed tubing. Another feature of this aspect of the present invention is

t hat t he vatheailableofifideivalee and linemmmayichion withe soatey ofleghoigeidtluid) dviteesby theved by
utili~tion of wireline. Another feature of this aspect of the present
invention is that the gas lift valve ngy fttrther including a valve
connection collet. Another feature of this aspect of the present invention
is that the gas |ift valve may further include a fluid displacenent port
for 20 use during the bleeding off of pressurized fluid fromthe hydraulic
pi ston. Another feature of this aspect of the present invention is that the
gas lift valve may further include a val ve-open and a val ve-cl osed condui t
for routing pressurized fluid fromthe val ve-open and val ve-cl osed control
lines to the hydraulic piston. -11 6 August 2002



Anot her feature of this aspect of the present invention is that the gas

d 14t -valve may further include an electrical conduit connecting a control
panel at the earth's surface to the gas |ift valve for communi cating
collected data to the control panel. Another feature of thi@ﬁagggcg_toggf t he
present invention is that the gas lift valve may further inclule a
val ve- open pressure transducer 5 and to a val ve-cl osed pressure transducer,
t he val ve-mpeam opihRemY s iftfodfied ltethe Wi RBuGIONE @iaBid ofificetvaRe &lcemiolles al

conduit and in fluid conmunication wit the val ve-open conduit, the

val ve- cl osgvapiigShdlioun! ANSEUGRE] D@l BEng Bpnecian movdabe hgh@dicipistadl condui t
and in fluid communication with the val ve-cl osed conduit, the pressure

t ransducer gnoicOféitite BOhIPEPES bifthe fr@ad inverioh B tahBe SRRE 6OhreP@RE] AN Aayf he _
el ectrical conduit. Another feature of this aspect of the present invention

i's that thgek@maastht gk lif Valord iRy bd tkahdniIRdd tb ME badiR vaRe thRsupK SaRtdlligssur e
transducer connected to the electrical conduit and a downstream pressure

t ransducer ¢ aRREsHEEn the gds i vALEMY frle SR m4 SRNeHe bt ;)resgtbf%g:&mﬁ&. raRika0downst ream

pressure transducers being located within the gas lift valve to neasure a

pressure dgqQps RpEQIBtht BRseHA@RbELisAak {He CReM Yice b 1FesPrBSPHEE nd) B0
measurenment being reported to the control panel through the electrical

condui t.  1j,SddRr OGRS SurfSP Wothed BRurP bEES Dlpedt BY GO bictt {BibEis had@s 11Tt

valve for variably introducing injection gas into a subterranean well,

conpri si NOsoufde M@r%&ﬁgﬁﬂmid’\ﬁn{n{}@m BQJB&M m-ﬂ‘aﬂlﬁé ?ygtgﬁ%cﬁﬁﬁ{geg lﬂft(ﬁ&lﬁ‘l@ P{zlr% seal abl e

insertion in a mandrel; a hydraulic contro I ne connéected to e gas lift

val ve for prov igia'aﬁwxﬁagﬁlhgﬁ’éiﬁé A i ES Sl IaJnlMihga MBS Rir; An YRLAD! €

orifice valve in the body for controlling ow of 1 njection gas into the

body; 1@ Ni b B0GHNeERd o ot }AIRE he li’&(g?ﬂ;liigin% Lﬁkﬁxg{e\él‘e;;ﬁ IHf; ' ﬁﬁﬁ.gl f%g} J‘JoBt.fro‘szr%@l; charge

t hrough a pneunatic conduit “for e orifice valve in a

O o oS b A oA RE A e S AP RIBSL Ao, L
i YR S P R AT 15
e YUl T o L G ST WAL OE AL G | .
oy o1 e 0G0 o BEBEAE b ORBENIE LG ORHE e A6y SREDAE

orifi Qiﬁ valy&aui@ ket REy @Hﬂé}’?&cuf&fe alsBbiRed v ltﬁg‘%%iirgtthg QoG GH lio%i‘%i]rg; e vel |

t hrough the variable orifice valve 1s contro y varying amount of

hydraulic chrHliege gm%lem‘i% Sé[}{c]ltelit,f e%meﬁd?c?vﬂ%%r@mn& the 'rc§§u919?dt f%l{x]@ﬁl(glh the he S

hydraul i ¢ control |1 ne. r Teature of this aspect o e present

. ti . . Cone L L '

o pressur P EPEABURIE A PRI o 0 BAcReiRG, SGRIECERS, bR 20T ¢
this aSpeCtas 2 toHﬂg rFsreﬁtqugﬁuahqutﬁ%P\'aga% li'tftﬁlalnrpﬁl \ }unﬁerlgr?ﬁ)dL LtflEaStVO%L ﬁr%ssm%y further

i ncl ude a chanic position o nechanically assure that the

vari abl e orjf] =gt (e i.red. jt | ' Iicqns in the
gas Iift_véﬁ%%ﬁ%ﬁéﬁg%ﬁﬁurlnéaﬁggE#X%og e@kf8g¥ggéﬁf38%?&%ﬁﬁ%n%%%%ct of the
Presenl | MG kiR AP SRAT R KR e BihpapRd ot
adj ust the 1Djectd el r i Lfi.ce valve
bel ng. hel d 0 it rPBE L B, B8 3l BB tiher bbfiod AL Bl bl 12,
feature of this aspec f.1he e I hvention i h variabl e
orifice val & H%C3r/° uerckeﬁg)rth? %%:FBC ecglg({&&gxr“g? gé’m gt P re?éag%@g?&ﬁ%ﬁcg%a feature
of this aspect of .the 15 present invention is that the . mandr be
provideg s 01 °5@%a2°§|f&%tn b ‘é"a‘b’a’ﬁs"f"ﬁ’r&‘éﬂﬁﬁ”\,ﬂfﬁﬁ‘l& ﬁcﬁéﬁﬁ 8 on gas
aws en e variable orifice valve is en...An er ature o is
nspoct of e Baue Fibiertelehonasioh REHaNE PR W I8 wHrlon her
i ncl ude an upper and | ower one-way check val ve | ocated on opposite sides of
the variable orifice valve to prevent -dny fluid flow fromthe well into the
gas lift valve. Another feature of this aspect of the present invention is
that the 20 gas lift valve may further include |atch neans for adapting the
variable orifice valve to be renotely deployed and retrieved. Another
feature of this aspect of the present invention is that the variable
orifice valve may be renotely depl oyed and retrieved by utilization of
coil ed tubing. Another feature of this aspect of the present invention is
that the variable orifice valve may be -13 6 August 2002 renotely
depl oyed and retrieved by utilization of wireline. Another feature of this
aspect of the present invention is that the gas hft valve may further

.




I n anot her aspect) the present invention nmay be a gas lift valve for
varyably introducing injection gas into a subterranean well, conprising: a
first mandrel connected to a second S mandrel) the first and second mandr el
being installed in a well production string; a valve ”Eanseﬂﬂﬁgﬂ92®02
variable orifice for controlling flow of injection gas into t wel |

val ve neans being installed in the first nmandrel; an actuating neans for
cont r ol | i n@asuRRmemdkivgrep@@d B)thd ddftrod pinelakiond tuiwacmchebnmgn.i Atk fe@rel Nt he

second mandrel, in comrunication wth and controllable froma control
panel , andf hiyudpei efdhd eselténwlonas RARSzab Yift Falhvé ey fuathel isR@OAPodiydhr aul i c
control line. 10 Another feature oCth~s aspect of the present invention is

that the \ekoteo B 8laielockiit ofthit MdveablghydRANSpisBYIo AR coRADpAMEY AdSREOCY ed
within and retrieved homtheir respective mandrels. Another feature of this

aspect of féiRe Pr S Q5Hecti OTVIRPrdsé irventloh & thithie phalliferalve aiap fiihel iadtidéat i ng means
may be renotely deployed and retrieved by utilization of coiled tubing.

Anot her  f gabhuhRal @bsididhisldasd Bethafifally RGuR MRS BB LarkBMRALEORIVE fenfaldtn ithe val ve
means and actuating neans nmay be renotely deployed 15 and retrieved by

utilizati Qesied poMibelficaRitiohdIn B8 RYdRRNic §30RChangd MBink R¥E AL fedfk of thisAN
apparatus for orienting a first device in a first pocket in a mandrel

relative tyges of e prAEnHRVENES it maahéaﬁmdorme 'e:me thay BeRRppRNGLRImediaie first
and second pockets being suhstaniially parallel to one another, conprising:

a first gudGods@etwedNE il Spek s AN @Red Adsltion tt(h?djlflét 'Etﬁtﬂo@vn& @@&8{?‘239“' de

rails being on an inner surface of the nandrel 0 spaced apart in

subst ant i %J,éﬁug@gﬁl%é kil Ebifiick Qanﬁ:mcﬂgthgd dehi menﬁedm%,wsﬁlu,%'bg%le pgg.f?a

t hcrebet ween; the' first device V|ng an orienting key an Irst

refergnce leh'ePtAz ot Feaird G Ak gﬂzge&t Mfertloh Send: He Gl & % er n r?bEI ng

| ongi t udi nal | |gned t he secon I ce having a secon ce point;

and the f'fﬁﬁﬁer E-Eﬁdé@ﬁg%‘ﬂlcrv@fuﬁ'é@&ﬁ%{lﬁ% Bisin a'dﬁglagﬁggwnm &%kaﬁmﬂhg gned when

the orienting key is dispose ongi I'nal groove between the

gui de rail ﬁllnzéﬁrlQﬁl@Wdrz{ at tlﬁ &IfatéshAﬁot }e of ik aspeft dﬁﬂ%gl\?gcmﬁﬁQ& igf the

present invention I's ongl tU groove IS I rst

pocket . ANgiRRke (AR fieOfank ﬁaﬁa@.&tuw; cohlif SERE 0Ly | ANA oflfhclop that the

first and Second gui de ral ocated wt i SCri m nator trough in

the mandr eihis a@@%%ﬂﬁg prgsgrﬂgx}%rﬁlo&s hhtanb %E}e% dﬁ&y R ro%lb@d ‘p{jlfe as! Iq{e é&%ﬁ on is

that the firs evice Is a tc vari a e gas lift

valveys Anog@&anﬁhﬁgl{gp BicRlinlclbP e S TBEE bnd d UFiaBE SRRANAIEKTREL Oyoity L DAL D

orlen I ng eature 0 hi's aspect of

the prese n{'ea ?%4 égpcﬁzl St tfx{&?&e&t?&eﬁtloﬁﬁ{j hgtetix e%? i Q'ﬁlpg lng}t fu'rtﬁerqnchlﬁg Sxt;“ ng dog

on a colle I nger, e co I nger elng to a stem di sposed for

' ongi t udi nglgmr@xgogai‘sg&mmg Uhdd GueAbohiEa BRMoRL: skBCorGRValidthd orlfBd Ve § e second

reference ecess on t eV|ce atc g dog being

securely g El%\(?e%{a an%' #ten%i I’t]l]p&r I?rgm tl%%ﬁ %%t(#ﬂg Easthﬁ%algésf}ll Hc%lt fC‘A{\%‘L Xfelhfs §s 'ecg oﬁthl: ower nost

10 positi eature o esent |nvent|on is

that the SSepnfdEtbes s o JPRRSaloh fﬁm{at,mem s o il - Anot her

feature of 'S asp resen nvent1 on |s t pocket

and 195 seeandiRtrks gcoebqum&&yaeg,ﬂo%gaémar%agm?cﬁ sﬂfestng SFRSELgN bet ween

the | hi ng € recess’ | rou e wn er feature

of this aspect of t
include a fIoPEEY mdcngloglesg%g@gf' +,{1M b&% ?)\vagenﬁﬁlgﬁlg%@rg&h erd rgtﬁL‘yc urt her
include a first and.a.s nd fl ow the first flow. port b allgned
with the fioy4phzptoef W‘lf‘fg%ﬁn ‘%nﬁﬁ?’frr{g%fr??fsﬂfl 5 asﬁecft s@(‘:"' i ent"B’(eanr“e”ﬁ%:SZ'il pg} nts are

| ongi t udi nal |, el evuti.onal | ed. Ano atu f this aspect of
t he pr esent"a‘i'%{%’ﬁ ige yAtve ay by rgmat °P'1°§y§]ta“%fﬁ16'° é&?f&'ﬁ\"&‘/\fr Wﬁ‘&fo@é’ tﬁ?’
positioned at right angles to each other, and wherein the first and second
flow ports are positioned at right angles to each other. Another feature of
20 this aspect of the present invention is that the first device includes
at | east one additional reference poin8; and the second device includes at
| east one additional reference point, and the at |east one additional
reference point on the first device is aligned wwth the at | east one

addi tional reference point on the second device with the first and second
reference points are longitudinally and elevationally aligned. Another
feature of this aspect of the present invention is that the -1S 6 August
2002 di stance between the orienting key and the first reference point is
such that the orienting key is disposed within the |ongitudinal groove
between the guide rails when the first and second reference points are
Iongltudlnally and elevatlonally allgned In anot her aspect) the present

e



valve that is located in a second pocket in the mandrel, the first and
second pockets being substantially parallel to one another, conprising: a
first guide rail and a second guide rail, the first and second guide rails
bei ng on an inner surface of the mandrel and spaced apart igwAggggtzin ally
parallel relationship to define a |ongitudinal groove therebetween; the gas
lift valve 10 having an orienting key and a | atching dog, the orienting key
and the | atfeahiang thifggpepint fg plessaghtendinristhatyhegps lifhalve map Bwrdertinsdude awplveeans
having a recess for engagably receiving the |atching dog; and the | atching
dog and t hevmettvntalel.r ecess being | ongitudinally aligned when the orienting
key is disposed within the |ongitudinal groove between the guide rails.
Anot her f eat ur eln@hotlhienispech Sipgueserd finvedtion prag bempasilifiwelve fopmariablytiktekiudifpe

| at chi ng dog and the actuator recess are elevationally 15 aligned and

secur el y erngegied gyshietn 4 fubtegamarl wkll, compnigng: Sa valvcabddg wethnDbhgimainalt bogan.

Anot her feature of this aspect of the present invention is that the first
pocket 5and thdaghregh Gmskajable kedrtiaries nargcd lgdrabljc cantwil htbeedneatadho tegaLlifnnect i on
between the |l atching dog and the recess is made through the w ndow. Anot her
feature of vale fr pepdiag a abply hEprgseganuid thaten) 4 aRablSorifhatalidie the dodyi forudi nal
groove is above the first pocket. Another feature of this aspect of the
present i nuaitolldg flbs of iljadtioh fie 1ftd thebodZ.0a ik ESME A varibbld@rifi@ivhisc mfadull ocat ed
within a discrimnator trough in the mandrel. Another feature of this
aspect of tdiRedpoeitionta inbeaié hy@iFauiispittb@tonhéted@s ihe Ririablg okifiye Vabeabddghed to a
renotely retrievable latch, and the latch is attached to the gas lift

val ve. Anotdekting eRiok lveat@f in b Bévenhals RAGIng @bnrekied b 1R sdREable RY@Allc lRtoh and hat t he

| atching dog is part of a collet finger) the collet finger being attached
to a sfeem dhsprnestadarwih@r@bivsdideawhéreyeRRinionitiof Ricttion g¥ahiAul@fyo 88 t he gas
lift valve, -16 6 August 2002 the stem having an atuiul ar sealing

surface, a dirttbughli@Wasdbhlorifiddvh\@ iS@EENRA by GMyisd GE dmddreotdsHmizROElid havi ng
an annul ar stemseat) a first flow wi ndow, and a second fl ow wi ndow, the

first and sgapraghlitd @WheMchgpDisand AnbiBerfféaisé ofaRislasp@E 6MNEC hrbRHY idleRtich ibei Ny
| ongitudinally aligned, respectively) and being positioned relative to the

I 'at chi ng doglasiRe &daab! W @y bl Gornadicahb B@qﬂ&goﬂfpﬁesﬁxri%gﬁﬂﬁﬂcwdtﬁtﬁew@ﬁ uat or
recess the first flow w ndow and the first flow slot are |ongitudinally and

el evat i onal fyyfa@l i AHaeEr Mhthd ofithfsiaksekt dilii@vprgaent inveftioh Rethimndge hiftaalc g second
fl ow wi ndow and the second flow slot are longitudinally and el evationally

al i gnegs Wi t furtRer fRIGANIdchAWalpOsi tion HBIdENEmBRREERY assi it AR VafidRlokEi& vafve t i S
aspect of the present invention is that the first and second fl ow wi ndows

are positi opgfindin itd @hted POGEARASE EAdiBE N MeBY Lift VAMR dhinlg8 U sSEARIMErt | OW
slots are 10 positioned at right angles to each other, and the first and

second f | oWreRigfeloBth@lhshe@@Ftht hroseRdnvaition isdhit (BREHaBIS ofifeeSRACEMBY Biioppd Wt her
feature of this aspect of the present invention is that the distance

bet ween t hejfrnedbit E«_S’sitl‘iﬁé/ bé@R&kn @I loPdnCAha ol @BsddSpositled ol A¥lst thB@o@rdrent i ng
key is disposed within the |ongitudi nal groove between the guide rails when

the | at chi ngydlesh @adderdflobiat @& vd’rﬁﬁl@&ﬁic@{/ﬁvé&ﬂgih&lﬂ'mtﬂ@-iln{eMne'ﬂliWe REigvatyonal |y
al i gned. Anot her Teature of this aspect of the present invention 15 is that

the fingt OWedBsitiéH Holden CAdBlRSTefurkiof fis abpd6d df R PreSent hGRoRiinpna ReriBnay from
the | ongi tudinal groove and away fromthe first pocket, and the second

guide rail fHiRRYe nBChHEES hcRdSLERHIE teifdnd 360 SisifertauR et BRdkRe ARy from
the |ongitudinal groove and away fromthe first pocket. Another feature of

this aspect gfkfsent D FenREES B ithe nIMGBIHhH Be b@yiaémﬁ;imtah@as@&k Widcli

alTpo Hfrot
el ectrohydraulically operated) further including: a hydriﬁﬁi C punﬁﬁlocated

)
in a downhol.g;AQustifBias ﬁws?v&efglh@%rfable oﬁ'??ctc%lvé:i%'&ﬁ.c%u?glr& f?:atﬁ&%fﬁl{]s;%ﬂc&g the

hydraul i ¢ punp upon réceipt of a signal froma con panel ; raulic
circuitry Capneehad hndids & SROAAAIE Raf Rind SR b Uppd BR IATBre- 3 3
noveabl e hydraulic piston responding to the hydraulic circurtry an
operatively connected to the variable orifice valve, controlling novenent
t hereof . Another feature of this aspecf90f the present invention is that
the actuating nmeans is hydraulically operated, further including: a -17 6
August 2002 hydraulic actuating piston |located in a downhol e housi ng and
operatively connected to the variable orifice valve; a spring, biasing the
variable orifice valve in a full closed position; and at |east one control
| ine connected to the hydraulic actuating piston and extending to a
hydraul i ¢ pressure source. Another feature of this aspect of the present
invention is that the actuating



5 means is eleclro-hydraulic further including: at |east one electrically
pi |l oted hydraulic solenoid valve | ocated in a downhol e housi ng; at | east
one hydraulic control line connected to the solenoid valve and extending to
a hydraulic pressure source; hydraulic circuity connected teaagest2@epondi ng
to the action of the solenoid valve; and a noveabl e hydraulic piston
responding to the hydraulic circuitry and operatively connected to the

vari abl e dhpdkivalxe oeafed an oppssite sigesiof thg vargblaprificpasire o pevas any laiddtowdront eat ure of
this aspect of the present invention is that the actuating neans is

pneuno- hy dhatiel igta thegasdift alye-etinother feature pf this pgpeqt of thgypregentinyesties igthhythis aul i ¢

pi ston having a first and second end, operatively connected to the variable
orifice vaﬁavg,ft valyp map [frihaginpiadecaisin meerts doreadppting tthe wasighle grificehwplie aubé ¢ cont r ol
| i ne connected to a hydraulic pressure source and comunicating with the
first end remotelydertnyed andirgtdevpd. skngter fagtere al thia aspetiaivive pressshineentienlistiat and 15
conmuni cating with the second end of the hydraulic piston. BRIEF

DESCRIPTI Oke GFabig-i fioRmNe NES bricgotek: geloxed @d sgteeved eyvuittivatinn of ceilesl tubiirige h

together illustrate an el ectro-hydraulically operated enbodi ment of the
appar at us #iothen featprees Bt aspeat/ad titeiponsent myéntign kthabhe baiabld ohifich abk mey by'st em and
connected to an electrical conduit running fiomthe earth's surface; the
power uni t re@otely depldyodumndreticyedley utihzatienof darghinee dnéther feinae ditthyis aspeqgoftbs 2A- 2C
are elevation views which together illustrate a hydraulically operated
enbodi nent prefenttimentégppsthatttheszapkfi vahe npy dgthat ingludeentalve nommenioecdlled to a singl e
hydraulic control line running fromthe earth's surface; the power unit is
shown rot at ed e methyr adegy the srefeor inehton rhay be a £& lift GihvadgustiabR00Rodutiger es 3A- 3C
are elevation views which together illustrate another hydrauheally operated
enbodidrent infxktidnhgas dipp aselitersingh el ecquipesient a ivalve hodyowitic @ iomgittdérd! bae dual
hydraulic control lines rtumng fromthe earth's surface; the power unit is
shown r ot athedthriuplefoy schiahleamsertiboin cihandre;ya vivd-opgo neda dAveddlosat Bydedudivat i on

vi ews which together illustrate another hydraulically operated enbodi nent

of the appesm&tbliBneadonichied pr the emtlifi vahenoi pvidiag dusd cipiied af desalrizéyfiwidul | c
control lines running fromthe earth's surface; the power unit is shown
rotat ed ni teiey; deglablesrifi@valet anhcbpdy for guitralfingIovSET inie@ios LAV tamody; ews whi ch
together illustrate a pneumatic-hydraulically 10 operated enbodi nent of the
appar at us aifd, tah@opdaBls eiytiraslv pistbin @onne@¢dNaC the dvatigbl@ offigegvavenydr mufliié cont r ol
line running fromthe earth's surface; the power unit is shown rotated

ni net y5 dege@maufi@tio vth ieWwalvEopriraad Galvesclased hpkadis @6itiod iads; wihewbyt tken al ong
line 6-6 of Figure 1B.

variable orifice valve is opened by applying pressure to the hydraulic piston through the valve-
open control line and bleeding off pressure from the valve-closed control line; the variable
orifice valve is closed by applying pressure to the hydraulic piston through the valve-closed
control line and bleeding off pressure from the valve-open control line; and, the amount of
20 injection gas introduced into the well through the variable orifice valve is controlled by varying
the amount of pressurized fluid being applied 1o and bled off from the hydraulic piston through
the control lines. Another feature of this aspect of the present invention is that the control lines
may be connected to a source of pressurized fluid located at the earth’s surface. Another feature

of this aspect of the present invention is that the gas lift valve may further include a mechanical
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Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure

7 is a cross-sectional

8 is a cross-sectional view taken along line 8-8 of Figure 2B.
9 is a cross-sectional view taken along line 9-9 of Figure 2B.

10
11
12
13
14
15

is a cross-sectional viewtaken along line 10-10 ¢

-19 6 August 2002 Figure 16 is a schematic representati on of another
enbodi nent thepretdneingenasanthati tiaarisblonifiee vdiveanayee stopped b istemetliatpositigmesi t i oned
in an upper mandrel and a retrievable variable orifice gas lift valve

posi t i oned bétweea alfidhupermans b fullrlvekd@bsitionitgadiat the/fldwsofanjetiQss heehiogtalhevi ew

taken along line 17-17 of Figure 16. Figure 18 is a cross-sectional

t aken &l ongarlableerifi@-vhBe béinghehlin ehe Liicrmkdigs pesitiohO¥y thOfoshioe halllev Ahdthd Vi ews
whi ch together illustrate a side pocket mandrel

recei vi ng #&agasf thisfatpestaf Meprasast ikvertios Gnitht ho cdtiable offitt adiVeghaytf@thbhigelider St
for receiving a actuator. Figure 20 is a cross-sectional view taken
al ong | i ne a2arbitid sefn dnid Geat.e ARQREr fdafrEbOlits@spRdt dfSheBpreseMSiAvenEt is G@kheVi ew

pocket ;

taken along line 21-21 of Figure 19D. Figure 22 is a cross-sectional

view taken along line 7-7 of Figure 1 B. 15

Lot H23B.

IS a cross-sectional viewtaken along line 11-11 o?uﬁlgure 3B
is a cross-sectional view taken along line 12-12 of Figure 4B.
pesitgpndobisstogeachanisaldyl aspire at thi errableonifjcd vahe réBaidGinofs desigdr e 4B.
is a cross-sectional view taken along line 14-14 of Figure SB.
pesitan cfrconditiane ot thogea lift vilesehasge dnrigg wa gAdotieefedtbre bb thxfasgecguir e SB.

Vi ew

having a first pocket for

20

Vi ew

t aken al ongnahdrflenas Be prdvi@dd vith@UESt chd {ajcclidndiak forPiBrouigh WhifH iaRéRA LA dovll evat i on

view taken along |ine 23-23 of Figure 19C. Figures 24A-24D are el evation

vi ews Whi chvhbo@etdnasle briticd $hiveik Bpean ABbh@ FRRkd ofehiAPQIITRI Presoift itveifbn |17t
val ve of the present invention.

10

15

20

is that the gas lift valve may further include an upper and lower one-way check valve located on
oppostte sides of the variable orifice valve to prevent any fluid flow from the well into the gas
lift valve. Another feature of this aspect of the present invention is that the gas lift valve may
further include latch means for adapting the variable orifice valve to be remotely deployed and
retrieved. Another feature of this aspect of the present invention is that the variable orifice valve
may be remotely deployed and retrieved by utilization of coiled tubing. Another feature of this
aspect of the present invention is that the variable orificc valve may be remotely deployed and
retrieved by utilization of wireline. Another feature of this aspect of the present invention is that
the gas lift valve may further including a valve conncection collet. Another feature of this aspect
of the present invention is that the gas lift valve may further include a fluid displacement port for
use during the bleeding off of pressurized fluid from the hydraulic piston. Another feature of this
aspect of the present invention is that the gas lift valve may further include a valve-open and a
valve-closed conduit for routing pressurized fluid from the valve-open and valve-closed control

lines to the hydraulic piston.

-11 -



15 Figure 25 is a fragnentary el evational view taken along |ine 25-25 of
Figure 24A. Figure 26 is a cross-sectional view taken along |ine 26-26 of
Figure 25. Figure 27 is a cross-sectional view taken along |ine 27-27 of
Figure 24B. Figure 28 is a cross-sectional view taken along Pbﬁ %gm%B
Figure 24C. Figure 29 is a cross-sectional view taken al ong e 2

Figure 24D. 20 Figure 30 shows jets of |ift gas flow ng into mandrel flow
ports and col | iAdbther fashirdof divnsRief the preidnvieltivn éat beighgdifislaRveay flemp and
redirected to | essen erosion. Wiile the invention will be described in
connect i onindudeunela@rigal @h@tivcetheinh @ doneePasie! atithie caith’s sbfcetodep&li@adive hat it is
not intended to limt the invention to those enbodi nents. On the -20 6
August 2008 cefmiadaying édlledtél dafilte fdeEntiod pfiel eAnoltlel featubeed L hypes of the

nodi fications, and equivalents as may be included within the spirit and

scope of t%gehﬂiv{@ﬁﬂm%hﬂﬁxe@@sfllﬁ%ﬂ'e Ridy tut@eraRinRIB d alvEbsth FRessubdERfdduEF | ON OF
THE PREFERRED EMBODI MCNTS 5 In the description that follows, like parts arc

mar keds t hr gigh a Viee- R8s prkdsrd trh@Bucei the dﬁlae%ﬂwﬁrey%mrahmcé@aﬁg doffelegnce
numeral s, respectively . The figurés are not necessarily drawn to scal e)

and in sonﬁnhm&a.@%&odmhﬁm flﬂﬁﬁ%nﬁ?ﬁﬁﬂagfoﬁ%% vmc-slbem!)ddmt%me gbRgify

certain features of the invention. One skil inthe art w il appreciate
many di ff eplngredRRLGAbdiRNSnREed t'ﬂ%eck?e%ﬁ'l'&élQ%uﬁ@%ﬁ%%oﬁ%uﬁ%ﬂoﬂ pPur poses
of this discussion, the terns "upper” and "I ower “downhol e;

" and "' upyanrdiy- “o@don ARNBE Y tmﬁsa&efs%&ﬁdl rzgﬁmeahﬂﬁ m&ecc%h o POSI Ti on

and direction of novenent 1n easil y recogni zed terns 'JS ese terns

are rel ati &&ef@a tfle éléuﬂfcaIQBM ARt @Quﬂégﬂﬁi’é&spp&ﬁhm @'@seﬁ’ttlmremﬁ) %s‘{fiaft gge to a
point at the center of the earth, and woul d be appropriate For use in

rel atijyely sty a(wgtrnaﬁ\fﬁ'[hte# Gialaegly h g@gﬁﬁgr\gg}é@gccr%&tém tqé%leweane Is 15

hi ghly deviated) suc rom abo romvertica

h t al B I be tak

ne 11t at o BB el FR4 ﬁ‘é@%% R R T L g
di cat D :

| ndi cati on %@dgglem‘gp@ssp@%%augas e FRHEIRA iin RO ﬂﬁbavatf) ghr%gﬁge%ua' n a

vertical we gur es t oget W a sem I agra tic cross

section of 4 Forsi ﬁ{x@ Rar}éﬁlh‘é%ﬁ v%ReSzHQWsth{é dfrctbem&:' ﬁ%t%@%?éfgr&d t&'ﬁx@d ina

subterranea I M ustrating: ve bo

Iong't“d'”%hgﬂﬂéﬁd%ﬁnéﬁr %%Qhﬁ I&ghgsertlon |n a S|de pocket mandrel 14, a

vari abl e orl y 10 which alternately permts,

pr ohi ql tS) or t ra%lﬁeL ecfl 'u‘rL’ esErlt%Wer(t{oﬁmafﬁﬁ{l]%gﬂﬁQXIVJ: f’o?oanéglélm %E rFI gure 7)

into sald body hroug |nje I on gas por I'n the man &nd an

Auguat N9 TRERDn (NN ASRELAL Yol oRRR s ARG ik BhAGHEA toRl O

therethrough for sealable insertion in a mandrel; a hydraulic control line connected to the gas lift
valve for providing a supply of pressurized fluid thereto; a variable orifice valve in the body for

controlling flow of injection gas into the body; a nitrogen coil chamber providing a pressurized

20 nitrogen charge through a pneumatic conduit for biasing the variable orifice valve in a full closed
position; and, a moveable hydraulic piston connected to the variable orifice valve and in fluid
communication with the hydraulic control line and the pneumatic conduit; whereby the variable
orifice valve is opened by applying hydraulic pressure to the hydraulic piston through the

hydraulic control line to overcome the pneumatic pressure in the pneumatic conduit; the variable

-12 -



hydraulically operated using a hydraulic punp 22 |ocated in a downhol e
housing 24, an electric notor 26 connected to and driving the hydraulic
punp 22 upon receipt of a signal through an electrical conduit 23 connected
to a control panel (not shown) l|ocated at the earth's surfagg,gidt@ozhown
is a noveabl e tenperature/vol ume conpensator piston 1 S for dlgpla0|ng a
volume of fluid 5 that is utilized as the actuating neans 20 operates and

for conpengickRalvé grclcﬁaﬂﬁysweemgb@@eeﬁum&ﬁ{é 9dral iR BRI iR chiiChpations. A
solen0|d valve 28 control's the novenent of preéessurized f|UId punped from a

control fl pHe@mBRSPEMBE In tRdnikrdPed MEIEh AR IHLISHEIE 04}aBR 'bhﬁ(%]vaﬁlgdaddnth@
hydraulic circuitry 30, and the direction of the fluid fl ow ng

t her et hr ougRyuntthGddtibrSzab ARRRELSE 18 wal thrdu@R RRIEKAE ohifled Rfve 20 LRNIRT the
ponp 22. A noveabl'e hydraulic piston 32 responding to the I'0 pressure

st gnal 1 og) hgninelubeh 6r kR thidbeR) bR BATANe RRBAGOLRoL guERYEEN Of

the vari abl’e or|$|ce val ve . he actuator has & p05|%|on seggor 34 whi ch

reports thﬁyd;a%ll@éuhm hhe%uherfea&fre&fheagga&%%ﬁsk Prel ngu&mqs tﬁlte(ﬁgdx jct0 the

control panel (not shown), and posi tion |gured to

mechani cal L%tr@ﬁ%rﬁd’ttj@@)nr{ea& G &H&Eé rfgﬁ@lgﬁde é)r%ga* :R%he' egrtﬁ Q?urgg ' red

position by the operator if conditions int ul1c systemc ange

SLiant 1y | Ryls e fhid0r BN o AACRIRIRS, tl{af”‘{%g!xﬁclflfe i fmHALcat i ng

with the hydraulic circuit and transmtting o the

control paﬂx%{udé n%ecl?am?:x\f[})om\%tﬁh&l&? toeln ccfx&rg!:a(rfrlglas %%ntﬂewtﬁe \C?F}lablA%nF ce%wulel n Figure

1 C, a downstream pressure transducer g cooperate wth

the pressutg S1A0ALNGRL ROk JRRRN b A ggpﬁﬁm%ta B%ufifl JLEARQRLT O} Panel

any pr essure I‘Op acr os e varla oriTlice va ve e obvi ous
to one,skill the ar el.ectric 20 punp
22 ha % be g ri]l ulrjeso(g dspec of {he ?m 'P‘ﬁ“gt'o“ is tﬁatt vlarllTrI:: ﬁloﬁf ce vaR/e ma}r g%,\q?qpﬁcgatf r om a

surface preesur‘%asour 1S I resent at

l'i mitation™ BV ‘°£P“ﬁmsb88ﬁ‘%“ ﬁemgéh#ﬁ(%E“Pﬂﬁgy?gh?gﬁehgﬁf Pale to

repl ace t h?njeec gnCtaE lh%nc{m @{ € 1aglgmgﬁ:{: vgloe Being BOH i t%c 1n?ndcdv$em dm(l:))e bCOnt rol | ed
mthesameman F’I heSOGOI’SII’ ISIIXVGI’]'[IOH

VW it || bl e.t th | | 16,
e T T OB P 0 L
| t 1. 26 d t t th
gofgn(r):g \%Pg%evﬁ‘ge%?% %rllrecynugleau b “gg’défa% °es°f){)° e Sﬁ‘E rsrgelscs ‘Teusofro;
th t | | h. to t t th
LR e T
bl t { { bet
S M 8 T =
th th d th tj hol d 33 T | th
val ve, {ﬁgq’zﬁ@%&ﬁ" P b ey ks R SRBE e e BlauSies siSr P s 0l on
t h fl dt d f. th | |
eton 39 %ﬁ%ﬂ“?’?’a s ‘z&f@%ﬁ R Qb pe SRl so RSB TR By G O 1 ©
foat" 017, &l;ﬁ;gn“ FATRPAR R G “?y?&“ bt S R RED and
val ves,29 to Fﬁggv%fvlﬂ;nfa@f}we ﬂdef Jae rJgn%%Jmpm@ 'the @mﬁ%ﬁ&mcw& gas |ift

va:ve : TB val ve n be provi latch 27 fo t he
Coi l ed t ubi rﬁe@%ﬁ%ﬁ%ﬁ%%%ﬁ%%‘ﬂ#s‘? A%‘*Q Bl B Ll SHRS o the Wk PRI e ot
of the pres@g Sg{: ?K& cegﬂvel“l'nzﬁg) e R Qa%pn eQ%ﬁld‘%&gﬂ)\% Jlﬁﬁm\ﬁ% Xf"co QKRR | 0N

eollet 11) turc a oper atro are mel known to
those of or dhAfYeaRlfd drimil & écbsftﬁergmﬁat%ﬁﬁ, Findk e ARl ERle Gy Be
sem di agranmmat| c Cross Lechion of’ a gas f ve shomn Int é cl osed
position, used in a subterranean mell (not shov~m)) illustrating;, a valve
body 10 with a longitudinal bore 12 for sealable insertion in a side pocket
mandrel 14, a variable orifice valve 16 in the body 10 which alternately
pernmits, prohibits, or throttles fluid3tow 20 (represented by item 18 -
see Figure 9) into said body through injection gas ports 13 in the mandrel
14, and an actuating neans shown generally by nuneral 36 that is
hydraulically operated. Further illustrated is: a hydraulic actuating

pi ston 38 |located in a downhol e housing 40 and operatively connected to a
noveabl e piston 42, which is operatively connected to the variable orifice
val ve 16. A spring 44, biases said variable orifice valve 16 in either the
full open -23 6 August 2002 or full closed position, and a control |ine
46 communi cates wi de the hydraulic actuating piston 38 and extends to a
hydraullc pressure source (not shomn) When it |s operatlonally de5|rable

- A o~ [T D 1 o



5 actuating piston 38, which noves the noveabl e piston 42, which opens the
variable orifice valve 16. The variable orifice valve 16 may he stopped at

i nternedi ate positions between open and closed to adjust the flow of lift
or injection gas 31 therethrough, and is held in place by qSQBthﬂzymzholder
33 which is configured to nechanically assure that the actuatihg neans '~6
remains in the position where set by the operator U ~uueUtnus maim

| ~y~r aul i cresyislydepleyiadengactydvied bt utiization alwirelined AThdenfedtwre of thisespogefithoy

rel easing the pressure on the control line 46, allowing the spring 44 to
transl at e prassntimvestainliethyitet panhil 2alveamay fuither indndeabtabre onrkétioe coliek.ve 16 back to
the cl osed position. As shown in rigure 2B, the variable orifice valve 16
may include a dasrbihgeisgrietie arstnsiendntidivmayliea ggalétt Valfetformakintdy Biurbdigingl SO be
provi ded with one-way check valves 29 to prevent any fluid flow fromthe
wel | conduinfeciiont gnstilie agalsierrantan wall, vemgtisinghe fiystamdnidfet connborel 8 ag@yondl SO be
provided 15 with a latch 27 so the valve may be renotely installed and/or
retrieved myndvdlthe fics antinsestind Shidie beifg inaalle@i atwel pgudtitl anmeRtvaRameaishods. As
shown in Figure 8, this enbodiment of the present invention nay al so be
provi ded Whdvinga vatabi 6ri @i eaivoling A6 bfdfjeclidy gab hed thd WG the k@veanddndR@gat i on of
which are well known to those of ordinary skill in the art. Figures 3A-3C

t oget her dins@lleasRhafietniates ih adickB et foacaoifi RgUamihg 1R08&ing0 Section
of a gas lift valve 8 shown in the closed position, used in a subterranean
wel | (not sb@eming inkthiltstin &k isegnd Manded) Ve chRhich@onitthand chbapAkBidgbmal bore 12
for sealable insertion in a side pocket mandrel 14, a variable orifice

val ve 16 i BoritldEpan€itahd LOnnaktedid 1y dableRath® By (IREEhd Secodd HYBallid ®nurdint hr ot t 1 es
fluid flow (represented by iteml| 8 - see Figure | 1 ) into said body

through i njagethdr @AWERT RQKRES! of Bhe pfesdnh MvenaBielis @lat hédvalifeaffandGlelidiuhtlg Means
shown generally by nuneral 48 that is -24 6 August 2002 hydraulically

operated. HidhdsRRY bd dembisly U SEd witid hiiubitiGved RO theik fosplrivttFhnarkist Adbihéout e

pressurized hydraulic fluid directly to a noveabl e piston 32, which is

oper ati vel Yeat@ a6l Bpbct oF epResMR nvartlof isQhd fie ¢Rve AbaM Sarkd Gt nfeliMig! | 1 nes
46 extend to a hydraulic pressure source (not shown). The noveabl é

hydraul i ¢ i &hRiRly3dpl6y28 RANEHAG byuliRBoPNEREiIEY iding] ARGher fa@R R aspeal Ve open”
hydraulic 5 conduit 50 which opens and controls the novenent of the

vari abl e ofrof fuk fr@sehtahvéitiohs thdd ke QatldiBeany #ld\uBuftin® :85hs nfay U6 Aktlotely deplogadi t 51 is
bled off. The variahle orifice valve 16 nay be stopped at internedi ate

posi tiigns hed WeRMA®HahliARsh Fwaske. to adj ust the flow of lift or injection
gas 31 therethrough, and is held in place by a position holder 33 which is
configured to nﬁ@ﬂﬂlﬁ'@r%é&l,)(heﬂ&ﬁhﬁcﬂrﬁa@%&m{e?&ﬁarﬁ&tf&%}ibrﬁﬂg%?@&ev{@ if £8d NS in
the position where set by the operator if conditions 10 in the hydraulic

syst em changgebihla@hdrd rbifive$Ea sebdn@ALViEE iR sdehiR poellet i Meanddbief, ieirs(addve 16 is
acconpl i shed by sending a pressure signal dov-mthe "val ve cl osed”

hydraul i ¢ cofgypdckdbeim hstnillyrARRAUS b alRdee EbMprisHee 3 Fikt Buifid AMide " val ve
open" hydraulic conduit 50. A g|UId di spl acenent control port 49 may al so

be provi dedyefdl ptldEraitl W 18 ahd'@cda@edE Pds Bfidg dfan (A& iAW heémaflirdRgd S 1, in
a manner well known to those of ordinary skill in the art. As shown 15 in

Fi gur ey3B,  &HRRd ¥k irARbBaniily phrafe! Yl RshibGo BiMe b ﬂﬁéiﬂﬁﬁnalagﬁ&ﬁrf: RicHBetitam and
seat 17. The gas |lift valve 8 may al so be provided with one-way check

val ves 29 t id} L o} - hé kdvAh® gas lift
val ve s, i BRGHAARL e ko Al TR S (R R Ky RO 08 9% e

val ve may b . L 3 I | £V ; e Whinel | ne or
coil ed t ubi ﬁ{ge&?%ﬁb%#tg?%%ﬂ%@ o@@%ziheéﬁg%&%ﬁg’ﬁ%ﬁﬁécﬁng? Rt B odi ment
of the pres i { . & OV W Ve ction
ol ot | 1. ' Gt BB Fen R o o Al e R R s of
ordinary skidl i.n. B gur - r ' L el agranmati c
Cross secti gls °6"f"Qaﬁ‘;ég‘ée%‘fg%‘?‘ﬁ‘&f‘gﬁsg@é’%@ﬁ%‘%& é{ ﬁ&%ﬂg C @ggg&gges?f?%%?&gsed in a
subt erranean well (not shown), illustrating: a valve body 10 with a

| ongi tudinal bore 12 for sealable inseffion in a side pocket mandrel 14, a
vari able -25 6 August 2002 orifice valve 16 in the body 10 which
alternately permts) prohibits) or throttles IInd flow (represented by item
18 -- see Figure 13) into said body through injection gas ports 13 in the
mandrel 14, and an actuating neans shown generally by nuneral 48 that is
hydraulically operated. Further illustrated: hydraulic conduits 50 and S 1
that route pressurized hydraulic fluid S directly to a noveabl e piston 32)
which is operatively connected to the variable orifice valve 1G and two
control lines 4G extending to a hydraulic pressure source (not shown). The
novabl e hydraulic piston 32 respo~id~ng to the pressure signal fromthe

......... o o - o " o Y




15 simul taneously bl eeding pressure fromthe "val ve open” hydraulic conduit
50. The actuator has a position sensor 34 which reports the relative

| ocation of the noveable hydraulic piston 32 to the control panel (not
shown) via an electrical conduit 23. Al so shown are pressquAE@ﬁﬂ%gﬁgers 35
conmmuni cating with the hydraulic conduits 50 and 51 through hydraulic
pressure sensor chanbers (e.g., conduit 51 communi cates with chanber 9),
and t r ansmiof the prgsepbinycatiendsithatshedongisudinaberodye sahave die fiss pevket( Aotths fiaw vi a t he
el ectrical conduit 23. As shown in Figure 4C, a downstream pressure

t ransducer of thivaspechef trmoesen éndention ol the divse avi stdond pedgpmidsstiloeatddrathdrducer 35
for measuring and reporting to the control panel any pressure drop across

t he vari ableadisgriminptortropalt i ¢he h@indrdls Asbthamfeature dFittguaspectd&)thegprésentiinbestiongd acenent
control port 49 may al so be provided for use during the bleeding off of the
condui t s 50hathd ikt devicg & a laidh afachedgd a 20@Be drifica gasdifinalve wahdthes featvre dfehis hose of
ordinary skill in the art. As also shown in Figure 4B, the variable orifice
val ve 156 neagpectuf thageesent inambiondethgttenrianidg 8eas atthdhed Tdwhe pas. Khdther¥a@alwe 8 nay

al so be provided with one-way check valves 29 to prevent any fluid flow
from t he wedfthicaspeduiftheipresent inteati@dsthhtitctfirst edfarencpoint ive 1gatsing dof bon ¥ adike 8 may

al so be provided with a latch 27 so the valve may S be renotely installed
and/ or r et rfirpeR the lbyllenihder bei@\itached t8laisiad dipoed Fdr &GhgitutdiaNGovetieRr Wit 4 ON

met hods. As shown in rigure L2, this enbodi ment of the present invention
may al so bevapie Ovdychs dhe phstlife valvy, #Hle @ omdreforadel pafnt Blg Atcedslon thdwecontl Heweoy € and
operation of which are well known to those of ordinary skill in the art.

Fi gur es SA-h&aichigeddpeeing@pirell ergagee withl tha gicanWidni the gak D §al %a€iniaddweahosd gas

lift valve 8 10 shown in the closed position; used in a subterranean wel |l
(not  shpwn) positioh Ushéthdr ifeaghre of thivdspedt SFakkyprdsOnt\Wiveitiod i @Rghd sdchin@advideqs £ | 2 for
seal abl e insertion in a side pocket mandrel 14, a variable orifice valve 16

in the bodymdds mhicaftim thegan Bk edive. PAbHdtSatorPEARNE Rt of 1RE prédehQhiveh@sn if | Ui d
flow (represented by item18 - see Figure 1 S) into said body through

injection g@at MOkt pokBetiafd thaQeddRNBUCR afkdon@BEd 8Y) a HASM hAUGhEEGHASiISHOWN
general ly by nunerar S2 that is hydraulically 15 operated. Further

i 'l ust r at edperRech YidnatHingCdog QRPtHE feceadis rlaad ihfoapH BE w6 S URbiEE GealiYdlsramb i ¢ 1 ui d
directly to a noveabl e piston 32, which is operatively connected to the

vari abl e or jgpkd 8f tha hiéSeniiventiiOis eidl he gRNBSANE Bray cRAPLHERCaNAY sétolM ASHUr | zed
nitrogen charge inside of a nitrogen coil chanber 56) the pressure of which

is rouged t RiHaskgAnd P RGBS AEGRdANTde B Srst MMAiaGReoAE hSw P, A2 fRRRSWIpbe end of
t he noveabl e hydraullc pi ston 32, biasing the variable orifice valve 16 in

the closed BQnPQgdnbd Yith tHBrstidw QURABwGRtich tehARDMG sebontl Seferldmie GRhtsMirb N
nitrogen through a nitrogen charging port 57. Wien it is operationally

desirabl e t gn@RRAMalRA YddutidhalLalighddl AGRhef RhMe of Bils J3)ed Al phesift BVEMIR | S
added to the control line 54, which overconmes pneumatic pressure in the

pneunati ¢ Ceyikhink firdBind RPoritloW AGRABwERE positibRT REIghRgleAR Ehch bB&SAnd WRsreih he
noveabl e piston 32 upward to open the variable orifice valve 16. As before,

the vari abl eneQfrit SfcEsetahli ViSw hbrtd By poifiorth @RBHarles ioh& JRET Ahdher fehture di AUGUSE
2002 positions between open and closed to adjust the flow of lift or

i nj ectign g@Rs Asheds Q?'ikﬁtﬂré&@:ugﬁbemlﬁﬂ% thiar € 'nickt idBvidd! iAQGdeP Yt RadPBRd Ada@Rdndl0l der 33

which is co~gured to nechanically assure that the actuating neans 52

remains in thg.RePhihd, Al HORER 3&kce MEIaBEN RRE bR Alitibhal oGkl ;%d?rﬁ,sanh fhet he
hydraul i c system change slightly in use. Cosing the variable orifice valve

16 i s acconpjeah&d adiiVal DG ERL Sishe Of the HlG-NESS Siha Wifh AP of '%h &Rl | N 54,

whi ch causes the pneunatic pressure in the nitrogen coil chanber 56 to

b
close the V%Ltgx%né%&ﬂé H&nelsteohPacle SR thd £8Rnd ReonYR:add {J&mp&@ﬁﬁg&@mm t he
u I 3 I b de

hydraul i c conduit "54. An annulus port 53 may al so be provi t hrough t he
val | of 'the JBUAGRlondt) dibitdU AR NAIrEPLARS Ui WPhe BResl SEORALARAN I N
annul us during operatron. As shown I n Flgurg SB, the variable orifice valve
16 may include a carbide stemand seat 10 17. The gas lift valve 8 may al so
be provided with one-way check val ves 29-to prevent any fluid flow fromthe
wel | conduit into the gas |ift valve 8. The gas |ift valve 8 may al so be
provided with a latch 27 so the valve may be renotely installed and/or
retrieved by well known wirclinc or coiled tubing intervention methods. As
shown in Figure 14; this enbodi ment of the present invention may al so be
provided with a valve connection collet 11) the structure and operation of



15 which are well known to those of ordinary skill in the art. Figure 16 is
a schematic representation of one preferred enbodi nent of the present

i nvention. D sclosed are uppernost and | owernost side pocket mandrels 60
and 61 seal ably connected by a well coupling 62. A coiled tgia,RGst3¥002
wireline retrievable actuator 64 is positioned in the uppernost mandrel 60,
and a variable orifice gas 1if3 valve 66 is positioned in the 20 | ower npst
mandr el  61distaged befween dgerienting keyang dhe diest redaderioy pdint diy wich that tleootientolg key ises 68. I n
previous figures) the variable orifice valve 16 and the actuating

mechani sms dyresed itk thenlomgiigdind ropvs betwesnghogwidd wdawaeh the fitshendssnendnandr el |
maki ng retrieval of both nmechanisns difficult) if not inpossible. In this
enbodi ment reférérge pants ablegioidinpllcad glsationdlly aligred.e 66, and t he

el ectro-hydraulic wireline or coiled tubing retrievable actuator 64 of the
present i nvent ilornahe ajpecathe dresanhisvantibrenhaya bedan- @pBaratuSfoAugensing 20&Rbleet ri eved
separately, but are operatively connected one to another by hydraulic
controb | i neBceGBs lifT e iah lishpocka tir 2 muralkel eflatieanh neachfanicamiaahagati@él y, usi ng
either wireline or coiled tubing intervention nethods which are well known
in the art valdsthsthiowratedinRi guord [ib8et whihe mandrelathe fiess aseetorandkken gt aken
along line 18-18 of Figure 16, an operating piston 72 is disposed adjacent
5 the vari alilsentintly parglie! wany enobbr, comprdidg] ALY guidetrai nand ds&@ondgduidel rhil, ga¢er y ot her
aspect, however, the nechanisns operate as heretofore described. It should
be noted t Hiadt ahdrgecpidefiider @itk BAHPOSH diEiNhG stERE of hedndnaeRand Hagel ayarfinvel |

known val ve nechani sm generically known as a poppet valve to those skilled
in the art safstanaliygarameBaiunstsp to Héfine aldngithainsl\siboye theetfnee g ahadaehift ldvat sever al
wel | known val ve nechani snms nmay 10 obviously be enployed and still be

Wi t hi not he haGaPen amehtitPkdyl dndof lakcKify PEE AR drichtigERy iafd theRatiaAd B¢y Bl S Or

pl ugs, butterfly valves, rising stemgates) and fl appers are several other
generi c vallygiwRanpdiphas theiodiniyane Rvingusdcyss Be e@aplbByadiving tRagemY i sh the
same function in the same manner. Anot her aspect of the present invention
broadly reldpemdine la@hing Béd d@iht Rtua@efecdst Being lehkiningliyldighddlvakd MEokeatiGer t ai n
distinct locations on the mandrel 14. 'This aspect of the present invention
wi Il be expepisRipostdwiitid the Wkifhdinalf @do0OBRwéeR tHRQudE NS Afottier GutiRf thid 0 18,

di scussed above, but for the nost part will be explained and described with
references dsgechif @id pRSenlBvénfior thalRBE Richinp God dAb te @abthdtorlrerefs sgi bR atich@fy t 0 19E)
there is shown a side pocket nmandrel 100 having a | ocating and orienting

sl eeveys102 fiiphedlafidéurdMgen@s)@dd @hdngi gagdlifbvaliie 6340Y Rivernfd@ poifiedl AnbaMMank® Whi ch a
gas lift valve (not 20 shown) is attached. Locating and orienting sl eeves,
such as t hepralifNest ok e prefenintenGdrQy Bt et focRét @ndvRd decdhi ¥dRetlaft cohiR&ed Of
ordinary skill in the ari. As best shown in Figure 20) which is a

crosssect i opal wiklicWadEk€tbnadcBiObetviedie thd frtchlhe @bg Amid gkt receddPmaddtRroti@ingé el 100
includes a first pocket 104 and a second pocket 106. The first and second

pockets 104waash. 1QBwheY fRate bSthR Rkpedlof the prRea! ih@htidrds Maeheadiainal glddee f i 1 st
pocket 104 is for receiving a gas |ift valve (not shown here). The second

-29 6 Augidsbove R ArsPstekdet Adddr Fefitufe®F QIS ta Preséie RRETHER Rithap MeiFst SOUr Ce,
such as any of the various actuators discussed above and shown in Figures

1-18. e sSgEandndRideSlils 4@%chitd WRivRs difBminaRf ®ubieRl teQnaddreP AnbhbrTehturpOCket
because it is enclosed, whereas the top of the first pocket 104 is open so

It can recepymiaspls of it toreé@h VifventidR 1§hﬁ%’%e'oﬂerﬁhg%)‘3§s ARl a dnotdiiie
mandrel 100 may further include 5 a window 1 (18 that connects the first

pocket 104 ARl H8aSE &AL IRSCHE @&acﬂe@% théSas lﬂﬁ%ﬁlvcs m& fRatfle QBhR adpkct ophi Ch i's

a cross-sectional view taken along line 21-21 of Figure 19D, the mandrel

100 may fur I f uid fl ow
port iz, 1 igreskligiinds S 1athibd dhets P A chuc B BqEgR el

posi tioned i chddGo Mﬁ@doséhqg’r l@l\tglnfdlirQMQVCQEnt Aihifl 8 9416L00d R BGhESs 1if vANE

another. 10 Reference will now be made to Figures 19C,~ 22 and 23. Flgure 22
is a cross-sectional V|em1taken along line 22-22 of Figure 19C, and Figure
23 is a fragnmentary el evation V|em1takéﬂ along line 23-23 of Figure 19C
Taken together, Figures 19C, 22 and 23 show that the mandrel 100 nay
further include a first orienting guide rail 114 and a second orienting
guide rail 116. The guide rails 114 and 116 are spaced apart in
substantially parallel relationship so as to define 15 a | ongitudi nal
groove 118 therebetween. The guide rails 114 and 116 nmay be on an i nner
surface



101 of the mandrel 100, and may either be formed as integral parts of the
mandrel 100 or individually attached to the mandrel 100, as by wel ding. The
guide rails 114 and 116 arc | ocated above the first pocket 104 and nay be

| ocated within n discrimnator trough 120 in the mandrel 1Q9)a g@gjﬁozﬂ
guide rail 114 may include a first inclined surface 115 extenH ng away from
the 20 | ongitudinal groove 118 and away fromthe first pocket 104.
Sinmlarly) thehemdacionah guibldiesealmp burfaid a ifigsy flowelot) del Ases@@ddoel sionahd i@ st u~f ace
117 extending away fromthe |ongitudi nal groove 118 and away fromthe first
pocket 104 bodyhavihg dn abulairee® sdat)h Fitst foephiaderg andaadeeind floWevifideRcint aft afd t he
guide rails 114 and 116 is to orient at |east one reference point on a gas
lift val vesdcomt fisROoMBddvar @l thS@rst afd AgMSHowR Q% ba@h@idnyiudifllphligrRast one
ref erence point on the mandrel 100) such as, for exanple) the w ndow 108

and/ or t he rdspdativtlyf, havbe@ pbstidnedl@latvicto ik 2atchihgRIBf; kb b vitfen GRRIRONiHFRIOE isOf a gas
lift valve for insertion into the first -pocket 104 of the above-descri bed

nmandr ek 10@ngapddiwiti @ aBrBat6leeedsitiR ikt Dbk vidd8ivRAEME Brst Ao biBkE8ngddidinddD and 255
29. Figures 24A-24D, taken together, show a |ongitudinal view of a gas lift

val ve |22, adi&Rion@ilySitigich 8hith b Qrst Ay @aSn bk blandt@l M@ 18 sdbsepisstlaapave. A
first end 124 of the gas lift valve 122 is showmm with a |atch 126 attached

thereto. Thg RhEMWAR ateSorditilidaf) addRivRBnhiREPned diflia3Cdsad Bl Yi®he ONE

significant difference, however, between the Tatch 126 and the latch 27 is

that the | af6ilell AQothdddathetest t%s@&io?ﬁ& Fl@&nkiﬁ%n&%qs th@SheSEHAWRd ge@otﬁifgﬁw‘ e 24A
The orienting key 128 is further 10 illustrated 1n Figures 25 and 26.

Figure 25 i rLAOR AL ALY, vat.i (=14 i of
i gure 2ac e RARIEAY HUR BIG P bk ol (L ER R 08 835355756 o

Fi gur QO25' lic)%cl zlt ri?xﬁ a{;%éé%l cfaH'l (J_tl)ér,g.\?ﬁﬂh -uﬁecﬂd Q@Anﬁ‘{fgw Qx‘?s ad o%mr{e@ & éigﬁty 128 is

designed to mate w ongi t udi nal groove 1 see Figures and 23)

between t ey fl5laefflrS REQRA 1l AR afi@lshet I b st By SN oA BNGr el 100

Ot
to orient at feast one reference point on t éﬂ%as ﬁﬁ?t valve 122 rel ative

15 I | fil ~ L (ol ; dr el
to at %ﬁe?rﬂﬂeeorfeﬁtﬁrﬁlrkgﬁ&ﬁ rt}ﬁ%@zit&ﬁngqgf fsRenfuhak S oH&ﬁlz\E%Tyﬂ}??}séoFkgtm&n{mn re

100) such as, ftor exanpl €, the w ndow 108 and/or t w parts 110

and 112. A%hmré%ﬁ'sagﬁg&g%eve tég\gceggﬁtgud@ }auy%ynqh& tcfling a&gmgﬁam%@cc;sw el ation

to Figures 1-1 val ve 122 sﬁomn here (1 n Figures 24-29),

are very sigickafis o Sed. S [+ GOb e thi ot @ EHEi en the
lgﬂétnﬁc({i x%all?%é&%\'e%&l ndIGHidhed. Safihgr AgDbA d Qéﬂ% 4t%k gx% EJZ %ﬂﬁﬁvéﬂﬁw’e

namnel y gas 1Tt valve 122 (Figures -2 I ncl udes a

si ng| eBSC‘)' 'i?&xatft&rfﬂﬁrguiﬁg’&lrﬁf&}@td&& é‘ﬁ‘s\}%&cﬂlgéd%uxjfﬁé @Jﬁénﬁ&ﬁ‘mgyhﬂé@m@?o%git Lgeres 24C

and 28), whereas t gas e 8 (Figures 1-1I8) 'has an annul ar coll et

11 having agr?AJéraﬂJl by §5m GRl dﬁ%oiﬁcﬂ%&c @égglmdcﬁﬁJc%ipm%%Lﬂgcchﬁg GRidgy dogs 11

a (see, e.qg. i

Figures 113 an Y. The latching dog 1 may correspond to a
dogs 11 a1 BOYE BB ind ARl nd oot IR LHRE O B0 bl | 7 o1 10
embodi mont b BELNFR B a5pldor 48 pRUGE Rler DR WIEUE aclaind BRAE HE TUPE
the.pr esent MRSy SRt RE el ARNEEKL Byl od R BRI R SR ot

080t el it SlndRad? Sdldhe B BALL filth Ao R ELUAL ATy ekl dko” © 1)

the acfuati ng neans IS a novea raull c prston avl Nng a recess

Co-a secondcbplade it iRuldbikas f80edhdhe JUE sRREFRe Fo: 81 22001

i ncludes a reces 2a f.or. recei vi.n t.least one of .the |atchin gs 11 a.
| the: embodrigans MERalie Pk et RS Bl bR ePiPind ohray B RG0S, 12

| at chi d 11 l.at | to tk 32a. i h t ' 20

e {her o BTy W GrioRs R na i ol TR A aelRE08 1) (e
tuat i 20 10 i i f the ori i h lift val

5 rus s BESRLSBNR SBFOH SOOVE MORGS DTN RV TR, 11T RET e S

plurality of latching dogs 1la extending about its circunference. However,
as noted above) the gas lift valve 12218hown in Figures 24-29 does not
include a plurality of collet fingers and | atching dogs 11 a extending
about the circunference of the annular collet 1 1 , as shown in Figures
1-18, but, instead) as shown in Figures 24C and 28, includes only a single
15 collet finger 130 having a single latching dog 132. As such, there is a
need to orient the gas Lift



val ve 122 relative to the actuating nmeans so that the single | atching dog
132 is aligned with the recess in the actuating neans. The recess and
actuating neans is not shown in Figures 19-21. Any of the various actuator
enbodi ments shown in Figures 1-18 nay be used. Irrespectivq%gh szq?Z
enbodi nent is used, the actuating neans will be housed in t geco pocket
10G of the 20 mandrel |00, as discussed above and as best understood with

reference fyQrahiidibiRbing2Rsieh headdd inAUolWRBSle hdusihg IRESTeta¥ifel Ofcomtzﬁg' (ffipodi ment
of the actuator is used, the actuator will be situate hin the second

pocket 10G5ignié fitice {ANR; aGhrHaldsing AeSaSablerificFaRleh Qﬂllltcmge _oBgJ)rﬁ dn@t chi ng
dog 132 on the single col | et finger 130 is positioned wthin the wi ndow 108

connect i NGt ohd dofitrol BRLAREOND HRIGHENIR adi t 2002 To
Iongrtudrngllyoaffgﬁ)theosrng |l e Ia?chrnéédeagpggéaﬁfmm%ﬁltogh@“ 08, and

therefore e € housed in
e second SOTESl 0y TG ot i Rerobse o 45 PeRE i i URLp ke

al i gneg wi gnbang nerearol ramrbquéﬁsyméréﬁn on LRE ne@feapfaﬁggu&edf@ﬁ&u@% L@s&ch 126

and gas |i val ve 2 are lowereddnto th stated 5

above, the, d?re 8 dn.q k(ﬁ,rmﬁa.@hadﬁlfg,)e%g&%qné Pydﬁmfn% carrrarhmreg%nre%g d& W4 ygdi nal

groove 118 (see |gures 22 an et ween 't Irst and second guide rails

114 and 11%@%@%03 zﬁrb@xtgﬁﬂ\g oeihsvga&r icofbs ik gg}& %%m!u é{ nx%g? @2 as it

is being inser Into (see Fi gures

19C 20 . a egpon&in% {o eha% 1 nOOQQiCtb&{g valvgr 9 Vaemojv%a &dﬁnplsté)hr?re On(flg%tr E.Ialt ihli—1216

and 116 is T'ongl |na |gne W 'sh T He w n
gpg ;Pfagﬁﬁlg I{y]:irtaul\l/ckmrcwtrgl' to%erz]uve%l C{)nvl\]eeﬁ:géj IO) trl}e varla%Fe 0‘4“&08 VE{IVC C?rﬁli?ﬂb \%/n t E)hey

t hose , of ordrnar ski fte i,ckover tool (not
shomn)gand 65%“ e%a 3%’?%?Eﬁé§g%% °pwﬁh rﬁ "w thﬁﬁhﬁgFamfﬁB? shown)
and | ocated and ndrel IOO b rienting

ol eeve 102 ﬂrgnéasp‘éﬁr""e R R O ﬁf%ﬁgab‘ﬁrrrﬂuhssm? MEnger 130

dth 8 t he | h.l26 d t t act
wth 15 o e iR odobefeh M idid pe st inrcdTuld SE0Ge alNeRef" ne
fi h he | |

ar oove. 1180 BRL R 56% 0 Pttt RetPLRg - 89158%9%&%% Bt “ont act i ng

the inclined sur.faces. Iatchrn nter, and exit

the | ongi t Lrar*mrrwaa%‘a\)bﬂliﬁ@t fﬂsf’%‘;%hrdrréﬂ%r th'ht"i" af%fémeﬂrcgﬁé o pia
| t.ydi | 1 O th d I32 t he | t udi |
oot D gomfiaiGe a1 s SR A5 A BRI, L a1 v 20 o | ondd i th

t he wi ndow 108. The gas I to be lowered into the
first pocket 104 until %EEP%EW%%{ﬁgﬁkhﬂﬁﬁqatch 126 enters t he
| ongi t udi nal gr ove gas lift val Iocked

o D oner et . T BgEs BT ! %{ev oy ibh R 105 q SEALGR niimiieRny, OF ke
t h t hat | hi 132 th | 130
bosi t i oned qra?rar#’ B A AN S 'ﬁéﬁ&niﬁéﬁgwwﬁqﬁﬁe ocoes

(not shown here) on the, act ator 6 A u homn here) that
i s housed viVE'AT ARdeppredati8aye 5%'&%‘5"%0“%6‘6“ i \%ﬁ 7 A PIET Pt chi ng

dog 132, is s %m%ﬁ&gﬁ?ﬁﬁ?ﬁgn: ﬁJh&ﬂf recess (not shomn) is well known to

those © orarnary S e art.” Once this connection is established

between the | at %g,m[}? Z?ruaggj %rggle@a'ﬂ%\ SIEWS @R\Eﬁ"@)ﬁﬂﬁﬂ 1S ﬁﬂipatuhé%]?}gpgr)ﬂtetf he

act uat or (not sh e used to open a ose i he gas val ve 122,

5as wll ,ﬁbmaf fo#hli Qraﬁagrﬁ%gpﬁs&?inrre%.o gr;[ %@@,ﬁge %ﬁ?}éﬁ(ﬁﬁ&n&&%@” enting

key 128 on f at chi ng is’s at the

orienting ke 12 A 18 bet ween
the qui de r e ) HEHASs BARe ?ﬁgrré“r%ﬁ?#n‘*%%e&%ﬁéﬁ‘?f"‘igf%%féﬁ*r‘% Mo the
act uat or recess (not shown). In addition to orienting the gas |lift valve
122 within the first pocket 104 so as to align the |0 latching dog 132 with
t he actuator recess (not shown), it na¥ al so be desired to orient the gas
lift valve 122 for other reasons, suchi'®s relative to the first and second
fluid flow ports 110 and 112, shomn in Figure 21. Referring now to Figures
24C and 24D) which show the gas lift valve 122 in an open position, the gas
lift valve 122 may include a stem 138 connected to the collet finger 130
and 15 having an annul ar sealing surface 140) a first flow slot 142, and a
second flow sl ot 144, shown with dashed lines. In a specific enbodi nent,
the first flow slot 142 and the second flow slot 144 nay be aligned at
right, or 90 degree, angles to one another. The gas lift valve 122 may
further include a valve body 145 having a first flow w ndow 146, a second
rom1mnndom1148 (shomn mnth dashed Irnes)) and an annul ar stem seat 150. In

I T B




20 wi ndow 146 and the second fl ow wi ndow 148 may be aligned at right) or 90
degree, angles to one another. The stem 138 is disposed for |ongitudinal
novenent within the val ve body 145. The stem 138 is noved up and down by
the collet finger 130) which is noved up and down by the acimﬂggg t 4GEL,
e.g.) the actuating neans 20 in Figure 1 B), by virtue of t ctuator and
collet finger 130 being nechanically attached to one another via the

| at chi ng dog 1322wssBA-BE areclexaton Sigws whichuegsther Deifate3 2mties bpdriibgaliye 1B) .
Wacn the valve 122 is in its open position, as shovs~l in Figure 24D, the
first flowopdraed dviddiorent éfehsippanth3 8f the ppemi invoriend cadpaaientdusligdbilicst f 1 ow
w ndow | 46 on the val ve body 145, and the second flow slot 144 on the stem
| 38 i s posictitohlads mdpiag forh thHekartis ecefact; ftheqpaweni unid @vshdwhBrotiedtniretywiziées body
145) so as to establish two channels through which |ift gas may flowinto 5
t he val ve Ix2larihen the valve is noved to its closed position (not shown))
the stem sealing surface 140 is seal ed against the stem seat 150, so as to
prohi bgt the flmpiraf4A-uCtargalsviibs @legh whivd thiethasr Wiusemanctite hadeulit48, and
through the flow slots 142 and 144, respectively. The flow wi ndows 146 acid

148) and t hgerhttd¥nsddinicat bPRe ayparatud 1 thd peesdh® Sivértion 8ehnkdledto SRR yHiatlic
relationship to the latching dog 132 so that when the gas |ift valve 122 is

properly | Q&ﬁfoeﬁlnewdnhlhﬁl fibi@hcf dafiigt sult@coTBRokr R GKBbw Refatdd nifty dephen the
l'atching dog 132 is engaged with the actuator recess), the first flow

wi ndow 146 fgnghityne first flow slot 142 are longitudinally and el evationally
aligned with the first flow port 110 in the mandrel 100 (see Figure 21),

and the second fih W IN-HA W cibdfioR Pdws BRicH REQARE ilfubiAV¥ Shimatthy@bQically
| ongi tudinally and el evationally aligned with the second flow port” 112 in

the malr(}d rel olpér;*gd c(n%a%ginl: hiBfkife agﬂa}atus:w th%l;egkn{ m@engﬁ%ohﬁefc{ed Y(?al s &le&tgdghﬁ& ussed

above with ference to Figures 1-18, there is no need to orient the gas
lift val ve Bnddlitinhfeidmidieatl} sﬁfaeCO%ega@el RAIE alolvﬁ r((t§l€t?nnll:él)g&é?1%es7f))r because
the val ve body 10 (see Figure 1 B) associated wth the gas t valve 8 is
provi ded V\"Jlal?ny'%‘ plurality of flow slots 10a di sposed about the
circunference of the valve body 10. As such) irrespective of the

orientation of §fyfe@asa drbdslsectiBhay Gied tdke Abr\Be -8 of Bk AECt i ON gas ports 13,
there will be a flow slot 20 10a di sposed adj acent each of the injection

gas ports 13 tOrfachlil abe stdienuf Loty Lilgdt vaRroRa 1B T nto the gas |ift

val ve 8. However, with the gas ?t val ve owl in Figures 24 to 29,

sh
the vajye body %Agﬁm da LBS. 3%1‘865‘1 Jn%@ @&mmggn@l;a.ngtgg@% 2o flow channel s,

nanely the first an secon 'ow W n and the first and

second. 10w sl k% 800 don iR il ally o 93 LG, L0 o 9n the firs:

fl ow wi ndow 146 I'rst see Figure 24D) with -35 6
August 2002 the f| rsl?)lmfkl &5895}\5\?“&%3‘” a‘*{’??“éqggg‘{)ﬁdd"fﬁ%mﬁfe Figure 21)) and

to align the sec oW W n w'siot 144 with the

Second F ow por&: 21,1 lﬂa (El‘QeS-SCCLlf)nali VI_FTV%ﬁgn lon Kln?lﬁf] fq}llge%é 0 pr OVI dl ng t he

gas lift valve ow cha I'ft gas to flow
into the val ve i n. of .an 2 the stem 138,
due to high-vel (ljpz Vﬁd%c‘gssfsf’c H‘@wé%(\/'é?‘k’"glqmeépg{u‘grgégur 's is especially
SO V\/ne the t wo c.hanne S, are |t| ned. r t o,.0one anot her at

ri ght, 2or 90 ded{’%‘ée ﬁ@f'@%’se%m 1% q°n qﬁ'e?%ﬁﬁer%gg‘ﬁ(bﬁ?t his is because
the jets of lift | owi n |nt valve 12 e mandrel flow
ports 110 and t 1 r%b‘{‘FPE@S ?tﬁm ﬂ%?ﬁlg?glglﬁi“ i&%ﬁuﬁﬁ@gy sl owed down and
redirected to preven h-vel oci.ty cqQ ct of th the inner bore
| 52. 10 Wherea @‘H‘éisp‘ﬁé 'é’FffseftWﬂHCi‘”&?kcﬂglgngolg‘éﬁg'&ggﬁ?‘ﬁ‘é in particul ar
relation to the drawi ngs attached hereto, it should be understood that

ot her and further nodifications) apart fromthose shown or suggested
herein) may be nmade within the scope and spirit of the present invention.
For exanple, it should be understood that the orienting aspect of the
present invention is not limted to orlegntlng a gas lift valve relative to
an actuator, but may be used for the relative | 5 orientation of any two
devi ces W|th| n parallel pockets in a mandrel. Further) the orienting aspect
of the present invention nay be used not only for the purpose of
establishing a nmechani cal connection between two devices within parall el
mandr el pockets) but also to nake an indirect (e.g., nagnetic, electrical,
etc.) connection between two devices within parallel mandrel pockets, even
if there is no wi ndow connecting the parallel pockets. Accordingly, the
invention is 20 therefore to be limted only by the scope of the appended
cl ai nms.




- 36 6 August 2002 1 23456789 1011121 2 CLAIM5S 1. An apparatus
for orienting a first den ice in a first pocket in a mandrel relative to a
second device in a second pocket in the mandrel, the first and second
pockets being substantially parallel to one another, conprlél %
guide rail and a second guide rail, the first and second gur de ral% ei ng
on an inner surface of the mandrel and spaced apart in substantially

paral | el rel ati dipsteilp itascltehinreprasettatvgiof srdthandmigtmeveof tieekadne imagion t he
first device having an orienting key and a first reference point, the
orienting keihartietdk atthatatpositined &AL GppeOmitdrdd eidretrion@ietvenihibRakifiye @k i gned;

t he second device having a second reference point; and, the first and
second r ef erfRsle: ek ihebwgmban@hdtdi nal |y al i gned when the orienting key
i s disposed within the |ongitudinal groove between the guide rails. 2. The
orienting appar agise Ofis £4rads Beclibnaiiew Gikén 4161 1he M # Bdifiad 1007 oove is above
the first pocket. 1 3. The orienting apparatus of claim1l, wherein the

first and seconclr.g.wQqsaabisssec%@dnZ.c&@&am&lgmnwg 8 8¢ My 3¢1d. M nator trough in
the mandrel. 1 4. The orienting apparatus of claim1, wherein the first

device is a |at gh,AtRANBE JuRafn i3S tege&hfef m@stg?esa Jlae ggcﬁéﬁhmr -37 6

August 2002 1 5. %he orienting apparatus of claim4 e orlentlng

key is attag %ﬁgmt&;&ﬁe@m&@&% gaﬁnvam%n@a{]@daabgq J?ﬁpaﬂgnmwﬁ { @l im 4,

wherein the erence poin I"at chi ng on a co ‘i nger,
the collet fi ggggmgg &Qu ttached to a seem di sposed for | ongi tudi nal 3
novenment MAt ina ody of the gas |ift valve, the second reference

point being a rgﬁ@ﬁf%&pﬁéo@@m%ﬁzﬁ&ﬁ g%’\lﬁr%’ém%?&}}{)@fﬁ%“r@% 0g being

securel y engage € recess isin a

| ower m-l)gt posi tlfo%iure il lsacrg;ss secglona Olie{vrt]eg(c F 1%%'1?2 %licngtg FB wherein the

second device is actuatlng gas e. 1 8. The
pocket 2 ar 6. coniERt B BYs S RBRE G P o5 aRer BB tRieen the 1 at chi ng
dog and the r eceF'igure §3 is a?ragmen%apyr elev tl';]ontvt]ew tv\f(en al%ng line 23-23 of Figure 19C.
Figures 24A-24D are elevation views which together illustrate an alternative embodiment
of a gas lift valve of the present invention.
15 Figure 25 is a fragmentary elevational view taken along line 25-25 of Figure 24A.,
Figure 26 is a cross-sectional view takcn along line 26-26 of Figure 25,
Figure 27 is a cross-sectional view taken along line 27-27 of Figure 24B.
Figure 28 is a cross-sectional view taken along line 28-28 of Figure 24C.
Figure 29 is a cross-sectional view taken along line 29-29 of Figure 24D.
20 Figure 30 shows jets of lift gas flowing into mandrel flow ports and colliding with one
another and thereby being slowed down and redirected to lessen erosion.

While the invention will be described in connection with the preferred embodiments, it

will be understood that it is not intended to limit the invention to those embodiments. On the
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1 9. The orienting apparatus of claim4, wherein the gas lift valve
includes a first and 2 a second fl ow wi ndow) and the mandrel further
includes a first and a second flow port) the first 3 flow port being
aligned with the fu-st flow wi ndow when the first and secong aiglier 2omee
points are 4 longitudinally and elevationally aligned. 1 10. THe orienting
apparatus of claim9) wherein the first and second fl ow wi ndows 2 are

posi ti oned cahtrary,ghis iamgledso taveedt hlteaiaties, madificanbrer gidreqhivledié ishapbd second
flow ports are 3 positioned at right angles to each other. -38 6 August
2002 1 11. idheledmitsinttengiriafidacopt uSthoihvation M ddfinedbe teiappehind cfaimst devi ce

i ncludes at | east one 2 additional reference point) and the second device
i ncludes at | east one additional reference point, 3 and the at |east one
additional reference paint on the first device is aligned with the at |east
one 4 additional refBPESCREPTIONTOF PHEPREFRREIOEMBODIRIONTS the first and
second reference points are S longitudinally and elevationally aligned. 1

12. The ori enti ngthapparipionshaffolbha] ke lpartyhe meirked ttlGudli B¢ SReitichiRh Ween the
orienting key 2 and the first reference point is such that the orienting

key is di sphsagoswithHeRarhdefeleatdGinbtais Reshecdvely. ABY BplR@taWaRMndeiCarBpldrak®n r ai | s
when the first and second reference points are longitudinally and 4

el evati onal fo¥cald, A@NR Sbmelinstahces AhvARRA B:al kiSatddQr siipliS&H th BErify Vrddid RRb@s ori fice
gas lift valve in a first pocket in a 2 mandrel relative to a nmeans for

actuating thendasedioh! OvakMBed ke b whD&RHBHIC Mhng d&%ﬁ?%;@i@zﬁ%ﬁ; of e 3 the
mandrel ) the first and second pockets being substantially parallel to one
anot her) COfd4ived ffararis @ first guide rail and a second guide rail, the
first and second guide rails being on 5 an inner surface of the mandrel and

spaced@part Inbw@ét@me@ommmks& &l o zérﬁkaadpemna Plob@r, €], 1RE”8ind
| ongi tudi nal groove therebetween; the gas |ift valve haV|ng an orienting

key and a | af,¢hhdig dRGuphdier @Bﬁcﬁ‘rm)bvﬁ'\garlﬂ?Yaé rémﬂ ks k@A GolRY A1 NY
| ongi tudi nal I'y aligned; 9 tﬁe actuating neans having a recess for engagably

recei ving t fxgeclig &m(ngn&og»edaﬂc}ec%gmiéaeerln@t Ohialg 1le0ieANthed REHACHYALPT Tecess

being longitudinally aligned when the 11 orienting key is disposed wthin

the | ongit ugiRgtod apmsl%&mmha E\ﬁfaé@mg',sb.@l@n ft@lclrder of RO earthCanfW@HRe 2002 1
14. The orienting apparatus of claim 13, wherein the latching dog and the

actuator 2 pegassie %l‘%?@l[lergﬁ'ltl\}CMI M, AridNRAIbeRE BeGMELLYePROdRd M gen the
gas lift valve'is tn a | owernpst § position. 1 15. Thé orienting apparatus

of claya 14 v t onnect ed
By & v now R e R o Coee s

is made thr q&g&eﬁblagn&fu\m@wsho&dm bem@n égﬁlh‘ﬁmoh{‘grh@éé%%r%m%slcﬁ lf&'eagew

wherein the ngttudnal groove is above the 2 first pocket
orienting agpﬁ{d@rgl%u@fas Erl BliBLb S of mgﬂh@b(ﬁltfohgr rtlb\reﬂant%qld%%mﬂét!n %hlq% r ails

are 2 located wth a discrimnator trough in the mandrel. 1 18. The
orienting agg@&gggmmg; claim 13, wherein the orienting key is attached to a
2 renotely retrievable latch, and the latch is attached to the gas |ilt

valve 1 19. The gLigniihg t@ggmarﬁsw%s%ds‘ag@}nmm%cms%@cm Br 4 B8 1adkRRIgng dog
is part of a coIIet 2 finger, the collct finger belng attached to a stem

di sposeg fO ﬁthwmeagbmmvlﬁ Rh siie fnmegh @e]ﬁ wﬁ)a hgagyaugg Jafveg@t' ift

val ve, the s avi ng an annu ar seal i ng sur ace) Irst f oW s and 4

a second f'qw val of yon%msmgfadgké 210N 1 h%ﬁﬂ., pralt @Jketgaﬁmeﬁﬁéfw pldl ISt

fl ow wi ndow) an con om1mnn irs second f 'ow wi ndows

and the 11 1S4;cand.sefoRdnd baly 191\ahah AERARY GeldBGlbiitlsnal douk neRSw

respectively, and beilns pos atching dog so that -40
(represented by item 18 — see Figure 7) into said body through injection gas ports 13 in the

mandrel 14, and an actuating means, shown generally by numeral 20 which is clectro-
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6 August 2002 7 when the latching dog is engaged with the actuator recess
the fitrst sl ow wi ndow and the first flow R slot are longitudinally and

el evationally aligned with a first flow port in the mandrel and the 9
second flov- wi ndow and the second flow slot are |ongitudi @Ahgugrﬂ)oz

el evationally aligned with |0 a second flow port in the mandrel. . 1 20
The orienting apparatus of claim 19, wherein the first and second fl ow

Wi ndows 2 ffaeauRQRY biePtaGsial a fiydfiic RRGLERckal if 38bwRoRahusidd 8, flfcdticand
second flow slots are positioned at right 3 angles to cacti other, and the

first and 566086 hhQNIROLliUrhE R AFIhIRPESp 28 uldnFBeipP DS SRaliRo§RGR 4 Ot her.
7 %3, wh d

1 21. The orienting apparatus of claim erein the distance between the

unenting Zelbﬁ?{ca uritliﬁ’ céﬁécﬁgitmogtggg%@ e(§%§lgmg{nag£atetdr3ﬁh9&hﬁ’gglhﬂ& Ffsx s

di sposed wthin the Iongitudinal en the guide rails when the

| at ching d et s > wher
Lo 09 S0y B i SRR A e L
gui de gail C af first 2 inclined surface ex omt he

Ponar t o ndli S AEE afud adlisd méant 36 baeliS R4 ok B BRI BOREBnbes ' £ 1F
0 et e SN, 688 1 k0L AL, Lo o &
e 1o g Reepiis O Fuideseoir 35 hvhih * o R0 e 5t PR At ot i 1 &
TG S hEREP i ne g B¢ apdTEping eSS, WRiTR SR B, panal
e Sesnopainiyt I SR e Bk 72 & s B A e S oM A
Oy e S el S B g e e 2 et
B Ear e Bea it L ol SR bk bt e B G B ity patincggape U 19

operatively 4 nnected.to the vat fable orifice valve; spring, biasin

t he vari abI"é""E‘)‘"’&‘i:)"fhiy‘gr ulig pistpg 3%?‘? the goire! pﬁ'l‘egg‘éﬂmﬁ%)r ?de‘rﬂ‘”‘g?{a‘,"?aér @tw}]'g‘ast one °

control line cgnnected . to the hydraulic actuati isto nd extending 7 to

Sy dr aul | o s B b ey Ssrd G nge e iion e e B S i 19

wherein the actuati n?f nmeans i s i .02 h%dflaul ilcll urther ingluding: 3 at
FoHh Voot GRS HERAINE. | SRR 51

| east one eiYdhs erRigr 16t é‘dh%}é"g?ﬂ:‘;{{‘ﬂ i
downho| e 4 housing; 5 Least 2ne. L1 dr aul 'ic ,g:o_nt .ol t| ne ,cpngcﬁcg ed to the
sol enold vd?r?ﬁé‘"%l‘ﬁ’&“é‘%’t'z%ﬁ’i“ﬁ‘ﬁ‘“ﬁ tg Wy ﬁﬁ?gﬁ‘{:’iﬂ’:l P e cb‘_r’réég’d‘f“‘i OFBL. UMy dr aul i ¢
clLoULY copncched Loy and LeoRendian L e ccliop ol Lhe seengia ® valve:
and operatiyel y 10 connected to, the varighle orifice yalve) controlling

35 for measuring and reporting to the control panel any pressure drop across the variable orifice

valve 16. It will be obvious to one skilled in the art that the electric motor 26 and downhole

20 pump 22 have been used to eliminate the cost of running a control line from a surface pressure
source. This representation should not be taken as a limitation. Obviously, a control line could
be run from the surface to replace the electric motor 26 and downhole pump 22, and would be

controlled in the same manner without altering the scope or spirit of this invention. When it is

operationally desirable to open the variable orifice valve 16, an electric signal from the surface
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6 August 2002 26. The orienting apparatus of claim 13, wherein the
actuating neans is pneuno 2 hydraulically actuated, further conprising: 3 a
noveabl e hydraulic piston havuy a first and second end, operatively
co~nected 4 to the variable orifice valve, controlling ”DVerRﬂgué.tmOf;
at | east one hydraulic control line connected to a hydraulic pressure
source and 6 con~nuntating with the first end of the hydraulic piston; and,
7 a gas cheptises theslvpicie meldr 260mnd ihd hidsanlio pirerad2, whjclviovtes fr¢seurs wobnsdleapid of t he 8
hydraul i ¢ pi ston. 4; A A% A A9. A% A{L. A AS.A" . A .AY. AF . A3. AF. A@. AF

. AF. AY. AF va&(@|28A’p‘iheA|§IemId yx{qu 28 als@\responding to stimulus from the control panel, slnfts toa

A F.A F.AF. AG-. AS3. A F. A F. AF% AF. AF. A, 3_. A F_. AfF_. AS39. AF9. AF_. ASFr
Q‘ %6V ' | vpdsitiah Wrowd lydfasled] reetyfecto dieancvtbée hydraulic piston 32 that opens the variable
a]J ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca]ca] ca
U] c”aU] ca] orfjce sdleljoc hacatiabie] arifitecRivk ¢ Gidhyr el fopped at intermediate positions between
"T7>A0 """ $&( ++++- [ y13444e8F: 1<={vql gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
U] ca] ca] cappahobdeel to adicathe g of Idedr dgdcd & gza} cthdretbrpagh] and 1] e hl]is plhedy ==t CFFFG.
Hl JsOz OORJ SUVWXXXZ\ h\ ] W*. abaDadeYf f h} xsni d_Z]]] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] calie ppatwhellied}.Ch] dat tajaed taldabiiaklvaptatelheah bahoaddraliea) ca! hj %
3j nmor r
sv[z{{{}z' bk Phxmirctoutih} haehiaf i ppdstedizal haieadablaheattiapiahcal ca) cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!: BP517>FT"ky=5~zupke™ ZU]
cal] ca] caUpz,ajlich]tiea hassj.eabaacag cajed ppsiihca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
cal] ca] cal] ca] ca] ca] ca] ca] ca! BHRV] "
&04} Lz| wr | gb] XSkeshewa] ia &iga@]l Bahcabitadritiad ehled amapidtlod]cabide attand @a) cal cal] c
a] caU] ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca

, 69dj10 y k7 pmvTiezaaki alvwé akgactr poaidedvittodne alag elecir]abad 29ad pavemtdng@hida) ca] caj ¢
a) ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca]ca]ca]ca!'!) 7ggKny, Nvd} xsnid_Zc
a] c] ca] ca] grivGahrad edl @aduiiahs alegad KRydia] K aihe adstid]vart € alag alkeBd satigdl] cal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca! F& H[ CKYoHcD\ } xsni d_Zca] c] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajialifal20 sl talsalabe el cialisirl el Gadicate R wal alve alierdeca] ca] cal
cal\T\j 3. 6DNVd%
" #USYBALE) ) R coiled Bk Siérebndaphabdia] Aajtoah eafigat 6,ahis ahbalsal seheabeal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! X2;
4556&6* 6 YO\iReMR niay 3ls6¥e provided with a valve connection collet 11, the structure and operation of
<L=>f ?h?| ?F@QN@ @ @ @aaABGCFzt oi d_ZU] ca] ca] ca] cal] ca] calU] ca] ca] ca] ca] cal] ca]
f‘?])(fa{IGﬁ-}\/gfal&%ﬂMéIH&ﬁ@ﬂ calkederdihepdimpddigalical ca) ca] cal ca] ca] ca! FFFGGE HHs

n

R. RRSTGUVWWNKY¥joWe g 2t (edindldepia] £ aliBeadbaml erlCalieale abealicaleal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal¥ cE! 10% h& () -
10% h& () - shown in the closed position, used in a subterranean well (not shown), illustrating: a valve body

10 with a longitudinal bore 12 for sealable insertion in a side pocket mandrel 14, a variable
orifice valve 16 in the body 10 which alternately permits, prohibits, or throttles fluid flow
20 (represented by item 18 — see Figure 9) into said body through injection gas ports 13 in the
mandrel 14, and an actuating means shown generally by numeral 36 that is hydraulically
operated. Further illustrated is: a hydraulic actuating piston 38 located in a downhole housing
40 and operatively connected to a moveable piston 42, which is operatively connected to the

variable orifice valve 16. A spring 44, biases said variable orifice valve 16 in either the full open
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to open the vanablc orifice valve 16, hydraulic pressure is applied from the hydraulic pressure
source (not shown), which communicates down the hydraulic control line 46 to the hydraulic
actuating piston 38, which moves the moveable piston 42, which opens the variable orifice valve
16. The variable orifice valve 16 may be stopped at intermediate positions between open and
closed to adjust the flow of lift or injection gas 31 therethrough, and is held in place by a position
holder 33 which is configured to mechanically assure that the actuating means 36 remains in the
position where set by the operatot 1f coudiuons i the hydraulic system change slightly in use.
The valve is closed by releasing the pressure on the control line 46, allowing the spring 44 to
translate the moveable piston 42, and the variable orifice valve 16 back to the closed position.

As shown in Figure 2B, the variable orifice valve 16 may include a carbide stem and seat
17. The gas lift valve § may also be provided with one-way check valves 29 to prevent any fluid
flow from the well conduit into the gas lift valve 8. The gas lift valve 8 may also be provided
with a latch 27 so the valve may be remotely installed and/or retrieved by well known wireline
or coiled tubing intervention methods. As shown in Figure 8, this embodiment of the present
invention may also be provided with a valve connection collet 11, the structure and operation of
which are well known to those of ordinary skill in the art.

Figures 3A-3C together disclose another embodiment of a semidiagrammatic cross
section of a gas lift valve 8 shown in the closed position, used in a subterranean well (not shown),
illustrating: a valve body 10 with a longitudinal bore 12 for sealable insertion in a side pocket
mandre] 14, a variable orifice valve 16 in the body 10 which alternately permits, prohibits, or
throttles fluid flow (represented by item 18 -— see Figure 11) into said body through injection gas

ports 13 in the mandrel 14, and an actuating means shown generally by numeral 48 that is
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%" 1098BB&' () -! %" 1098BB&' () -3"109B& ()-!3"109BB&' () - +++++X--9/ %IZ 1
10B7ml! G'109%&' ()- f "10%& ()-!pf "109%&' ()-#Y10%&' ()-10%C& ()- 10B
10B9/ / 1y 12 34dranitichily bp 8l FhMdfludrhted: UpahOREaRnduits 504ad150 Yhat ule)pressurized
G 10%% ()-'G' 109 ()- G 10%X ()-44444468e8~\= 10B '10% ()-! !'10%
& ()-!!10%Rydrhuiic fibidUkectly to alifldSeable piston 32, which is operatively connected to the variable
orifice valve 16. Two control lines 46 extend to a hydraulic pressure source (not shown). The
moveable hydraulic piston 32 responding to the pressure signal from the “valve open” hydraulic
5 conduit 50 which opens and controls the movement of the variable orifice valve 16 while the
“valve closed” hydraulic conduit 51 is bled off. The variable orifice valve 16 may be stopped
at intermediate positions between open and closed to adjust the flow of lift or injection gas 31
therethrough, and is held in place by a position holder 33 which is configured to mechanically
assure that the actuating means 48 remains in the position where set by the operator if conditions
10 in the hydraulic system change slightly in use. Closure of the variable orifice valve 16 is
accomplished by sending a pressure signal down the *“valve closed” hydraulic conduit 51, and
simultaneously bleeding pressure from the ‘“‘valve open” hydraulic conduit 50.
A fluid displacement control port 49 may also be provided {or use during the bleeding oft
of the conduits 50 and 51, in a manner well known to those of ordinary skill in the art. As shown
15 in Figure 3B, the variable orifice valve 16 may include a carbide stem and seat 17. The gas lift
valve 8 may also be provided with one-way check valves 29 to prevent any fluid flow from the
well conduit into the gas lift valve 8. The gas lift valve 8 may also be provided with a latch 27
so the valve may be remotely installed and/or retrieved by well known wireline or coiled tubing
intervention methods. As shown in Figure 10, this embodiment of the present invention may also
20 be provided with a valve connection collet 11, the structure and operation of which are well
known to those of ordinary skill in the art.
Figures 4A-4C together depict a semidiagrammatic cross section of a gas lift valve 8

shown in the closed position, used in a subterranean well (not shown), illustrating: a valve body

10 with a longitudinal bore 12 for sealable insertion in a side pocket mandrel 14, a variable
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operated. Further illustrated: hydraulic conduits 50 and 51 that route pressurized hydraulic fluid
5 directly to a moveable piston 32, which is operatively connected to the variable orifice valve 16,
and two control lines 46 extending to a hydraulic pressure source (not shown). The movable
hydraulic piston 32 responding to the pressure signal from the “valve open” hydraulic conduit
50 which opens and controls the movement of the variable orifice valve 16 while the “valve
closed” hydraulic conduit 51 is bled oftf The variable orifice valve 16 may be stopped at
10 intermediate positions between open and closed to adjust the flow of lift or injection gas 31
therethrough, and is held in place by a position holder 33 which is configured to mechanically
assure that the actuating means 20 remains in the position where set by the operator if conditions
in the hydraulic system change slightly in use. Closure of the variable orifice valve 16 is
accomplished by sending a pressure signal down the “valve closed” hydraulic conduit 51, and
15 simultaneously bleeding pressure from the “valve open” hydraulic conduit 50. The actuator has
a position sensor 34 which reports the relative location of the moveable hydraulic piston 32 to
the control panel (not shown) via an electrical conduit 23. Also shown are pressure transducers
35 communicating with the hydraulic conduits 50 and 51 through hydraulic pressure scnsor
chambers (e.g., conduit 51 communicates with chamber 9), and transmitting collected data to the

20 control panel (not shown) via the electrical conduit 23.
As shown in Figure 4C, a downstream pressure transducer 19 may be provided to
cooperate with the pressure transducer 35 for measuring and reporting to the control panel any

pressure drop across the variable orifice valve 16. As shown in Figure 4B, a fluid displacement

control port 49 may also be provided for use during the bleeding off of the conduits 50 and 51,
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in a manner well known to those of ordinary skill in the art. As also shown in Figure 4B. the
variable orifice valve 16 may include a carbide stem and seat 17. The gas lift valve 8 may also
be provided with one-way check valves 29 to prevent any fluid flow from the well conduit into
the gas lift valve 8. The gas lift valve 8 may also be provided with a latch 27 so the valve may
5 be remotely installed and/or retrieved by well known wireline or coiled tubing intervention
methods. As shown in Figure 12, this embodiment of the present invention may also be provided
with a valve connection collet 11, the structure and operation of which are well known to those
of ordinary skill in the art.
Figures 5A-5C together depict a semidiagrammatic cross section of a gas lift valve 8
10 shown in the closed position, used in a subterranean well (not shown), illustrating: a valve body
10 with a longitudinal bore 12 for sealable insertion in a side pocket mandrel 14, a variable
orifice valve 16 in the body 10 which alternately permits, prohibits, or throttles {luid flow
(represented by item 18 — see Figure 15) into said body through injection gas ports 13 in the
mandrel 14, and an actuating means shown generally by numeral 52 that is hydraulically
15 operated. Further illustrated: a hydraulic conduit 54 that routes pressurized hydraulic fluid
directly to a moveable piston 32, which is operatively connected to the variable orifice valve 16.
Hydraulic pressure is opposed by a pressurized nitrogen charge inside of a nitrogen coil chamber
56, the pressure of which is routed through a pneumatic conduit 58, which acts on an opposite
end of the moveable hydraulic piston 32, biasing the variable orifice valve 16 in the closed
20 position. The nitrogen coil chamber 56 is charged with nitrogen through a nitrogen charging port
57. When it is operationally desirable to open the variable orifice valve 16, hydraulic pressure
is added to the control line 54, which overcomes pneumatic pressure in the pneumatic conduit

58 and nitrogen coil chamber 56, and translates the moveable piston 32 upward to open the

variable orifice valve 16. As before, the variable onifice valve 16 may be stopped at intermediate
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positions between open and closed to adjust the flow of lift or injection gas 31 therethrough, and
is held in place by a position holder 33 which is configured to mechanically assure that the
actuating means 52 remains in the position wherc set by the operator if conditions in the
hydraulic system change slightly in use. Closing the variable orifice valve 16 is accomplished
by bleeding off the pressure from the control line 54, which causes the pneumatic pressure in the
nitrogen coil chamber 56 to close the valve because it is higher than the hydraulic pressure in the
hydraulic conduit 54. An annulus port 53 may also be provided through the wall of the mandrel
14 through which pressure may be discharged to the annulus during operation.

As shown in Figure 5B, the variable orifice valve 16 may include a carbide stem and seat
17. The gas li{t valve 8 may also be provided with one-way check valves 29 to prevent any fluid
flow from the well conduit into the gas lift valve 8. The gas lift valve 8 may also be provided
with a latch 27 so the valve may be remotely installed and/or retrieved by well known wircline
or coiled tubing intervention methods. As shown in Figure 14, this embodiment of the present
invention may also be provided with a valve connection collet 11, the structure and operation of
which are well known to those of ordinary skill in the art.

Figure 16 is a schematic representation of one preferred embodiment of the present
invention. Disclosed are uppermost and lowermost side pocket mandrels 60 and 61 sealably
connected by a well coupling 62. A coiled tubing or wireline retrievable actuator 64 is positioned
in the uppermost mandrel 60, and a variable orifice gas lift valve 66 is positioned in the
lowermost mandrel 61, and are operatively connected by hydraulic control lines 68. In previous
figures, the variable orifice valve 16 and the actuating mechanisms described in Figures 1-5 are
shown located in the same mandrel, making retrieval of both mechanisms difficult, if not
impossible. In this embodiment, the variable orifice gas lift valve 66, and the electro-hydraulic

wireline or coiled tubing retrievable actuator 64 of the present invention are located, installed and
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5) >ZX6_@ This allows retrieval of each mechanism separately, using either wireline or coiled tubing
intervention methods which are well known in the art. As shown in Figure 18, which is a cross-
sectional view taken along line 18-18 of Figure 16, an operating piston 72 is disposed adjacent
5 the variable orifice valve 66 in the lowermost mandrel 61. In every other aspect, however, the
mechaunisms operate as heretofore described.

It should be noted that the preferred embodiments described herein employ a well known
valve mechanism generically known as a poppet valve to those skilled in the art of valve
mechanics. It can, however, be appreciated that several well known valve mechanisms may

10 obviously be employed and still be within the scope and spirit of the present invention. Rotating
balls or plugs, butterfly valves, rising stem gates, and flappers are several other generic valve
mechanisms which may obviously be employed to accomplish the same function in the same
manner.

Another aspect of the present invention broadly relales 10 orienting the gas lift valve 8

15 relative to certain distinct locations on the mandrel 14. This aspect of the present invention will
be explained in part with reference to portions of Figures 1 to 18, discussed above, but for the
most part will be explained and described with references to Figures 19 to 29. Referring initially
to Figures 19A to 19E, there is shown a side pocket mandrel 100 having a locating and orienting
sleeve 102 for locating and aligning a kickover tool (not shown) to which a gas lift valve (not

20 shown) is attached. Locating and orienting sleeves, such as the sleeve 102, and kickover tools
are well known to those of ordinary skill in the art. As best shown in Figure 20, which is a cross-
sectional view taken along line 20-20 of Figure 19D, the mandre! 100 includes a first pocket 104
and a second pocket 106. The first and second pockets 104 and 106 are substantially parallel to

one another. The first pocket 104 is for receiving a gas lift valve (not shown here). The second
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pocket 106 is for housing an independent power source, such as any of the various actuators
discussed above and shown in Figures 1-18. The second pocket 106 is sometimes referred to as
a “blind” pocket because it is enclosed, whereas the top of the first pocket 104 is open so it can
receive a gas lift valve. Asshown in Figures 191? and 21, the mandrel 100 may further include

S a window 108 that connects the first pocket 104 and the second pocket 106. As best shown in

Figure 21, which is a cross-sectional view taken along line 21-21 of Figure 19D, the mandrel 100
may further include a first fluid flow port 110 and a second fluid flow port 112. In a specific
embodiment, the flow ports 110 and 112 may be positioned in the mandrel 100 at right, or 90
degree, angles to one another.

10 Reference will now be made to Figures 19C, 22 and 23. Figure 22 is a cross-sectional
view taken along line 22-22 of Figure 19C, and Figure 23 is a fragmentary elevation view taken
along line 23-23 of Figure 19C. Taken together, Figures 19C, 22 and 23 show that the mandrel
100 may further include a first orienting guide rail 114 and a sccond orienting guide rail 116.
The guide rails 114 and 116 are spaced apart in substantially parallel relationship so as to definc

15 a longitudinal groove 118 therebetween. The guide rails 114 and 116 may be on an inner surface
101 of the mandrel 100, and may either be formed as integral parts of the mandrel 100 or
individually attached to the mandrel 100, as by welding. The guide rails 114 and 116 arc located
above the first pocket 104 and may be located within a discriminator trough 120 in the mandrel
100. The first guide rail 114 may include a first inclined surface 115 extending away from the

20 longitudinal groove 118 and away from the first pocket 104. Similarly, the second guide rail 116
may include a second inclined surface 117 extending away from the longitudinal groove 118 and

away from the first pocket 104. As will be more fully explained below, the function of the guide

rails 114 and 116 is to orient at least one reference point on a gas lift valve (not shown here)
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relative to at least one reference point on the mandrel 100, such as, for example, the window 108
and/or the fluid flow ports 110 and 112.

A particular embodiment of a gas lift valve for insertion into the first pocket 104 of the

above-described mandrel 100 will now be described with reference to Figures 24A-24D and 25-

5 29. Figures 24A-24D, taken together, show a longitudinal view of a gas lift valve 122, which is

similar to the gas lift valve 8 discussed above. A first end 124 of the gas lift valve 122 is shown

with a latch 126 attached thereto. The latch 126 is similar to the latch 27 discussed above; one

significant diffcrence, however, between the latch 126 and the latch 27 is that the latch 126

includes an orienting key 128, as shown in Figure 24A. The orienting key 128 is further

10 illustrated in Figures 25 and 26. Figure 25 is a fragmentary elevational view taken along line 25-

25 of Figure 24C. Figure 26 is a cross-sectional view taken along line 26-26 of Figure 25. As

will be more fully cxplained below, the orienting key 128 is designed to mate with the

longitudinal groove 118 (see Figures 22 and 23) between the first and second guide rails 114 and

116 within the mandrel 100 to oricnt at least one reference point on the gas lift valve 122 1elative

15 to at least onc rcfercnce point on the first pocket 104 in the mandrel 100, such as, for example,
the window 108 and/or the fluid flow ports 110 and 112.

As noted above, the gas lift valve 8, discussed above in relation to Figures 1-18, and the
gas lift valve 122 shown herc (in Figures 24-29), are very similar; however, there is one
significant difference between the two, namely, that the gas lift valve 122 (Figures 24-29)

20 includes a single collet finger 130 having a single latching dog 132 (see Figures 24C and 28),
whereas the gas lift valve 8 (Figures 1-18) has an annular collet 11 having a plurality of collet
fingers and corresponding latching dogs 11a (see, ¢.g., Figures 1B and 6). The latching dog 132
may correspond to a first reference point. As shown in Figure 1B, the function of the latching

dogs 11ais to establish a mechanical connection between the gas lift valve 8 and the actuating
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means 20. There are number of embodiments of actuators, or independent power sources, shown

in Figures 1-18, all of which may be used in connection with the orienting aspect of the present

invention; the orienting aspect of the present invention is not intended to be limited to use with

any particular actuator. InFigure 1B, the actuating means 20 is a moveable hydraulic piston 32

5 having a recess 32a for receiving one of the Jatching dogs 11a. The recess may correspond (o a

second reference point. Each of the various embodiments of actuators includes a recess 32a for

receiving at least one of the latching dogs 11a. In the embodiments shown in Figures 1-18, there

is no need to orient the latching dogs 11a relative to the recess 32a in the actuating means 20

since there will be a latching dog 11a aligned with the recess 32a in the actuating means 20

10 irrespective of the orientation of the gas lift valve 8; this is because, as noted above, the annular

collet 11 includes a plurality of latching dogs 11a extending about its circumference. However,

as noted above, the gas lift valve 122 shown in Figures 24-29 does not include a plurality of

collet fingers and latching dogs 11a extending about the circumference of the annular collet 11,

as shown in Figures 1-18, but, instead, as shown in Figures 24C and 28, includes only a single

15 collet finger 130 having a single latching dog 132. As such, there is a need to orient the gas lift

valve 122 relative to the actuating means so that the single latching dog 132 is aligned with the

recess in the actuating means. The recess and actuating means is not shown in Figures 19-21.

Any of the various actuator embodiments shown in Figures 1-18 may be used. Irrespective of

which embodiment is used, the actuating means will be housed in the second pocket 106 of the

20 mandrel 100, as discussed above and as best understood with reference to Figures 20 and 21.

Further, irrespective of which embodiment of the actuator is used, the actuator will be situated

within the second pocket 106 so that the actuator recess for receiving the single latching dog 132

on the single collet finger 130 is positioned within the window 108 connecting the first and

second pockets 104 and 106.
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To longitudinally align the single latching dog 132 with the window 108, and therefore
with the recess (not shown) on the actuator (not shown) housed in the second pocket 106, the
latching dog 132 should be longitudinally aligned with the orienting key 128 on the latch 126
before the latch 126 and gas lift valve 122 are lowered into the well (not shown). As stated
5 above, the ortenting key 128 is designed to matc with the longitudinal groove 118 (see Figures
22 and 23) between the first and second guide rails 114 and 116 within the mandrel 100 to orient
the gas lift valve 122 as it is being inserted into the first pocket 104 in the mandrel 100 (see
Figures 19C, 20, and 21). The longitudinal groove 118 between the guide rails 114 and 116 is
longitudinally aligned with the window 108. Beforc the latch 126 and the gas lift valve 122 are
10 lowered into the well (not shown), they arc attached to a kickover tool (not shown), in a manner
well known to those of ordinary skill in the art, such that, after the kickover tool (not shown) and
gas lift valve 122 have been lowered into the well (not shown) and located and oricnted within
the mandrel 100 by use of the orienting sleeve 102 (sec Figure 19A), the latching dog 132 on the
collet finger 130 and the orienting key 128 on the latch 126 will be directed into contact with
15 either the first or second inclined surfaces 115 or 117 on the first or second guide rails 114 or
116, and then into the longitudinal groove 118, or directly into the longitudinal groove 118
without contacting the inclined surfaces 115 or 117. The latching dog 132 will enter and cxit the
longitudinal groove 118 before the orienting key 128 enters the longitudinal groove 118. Once
the laiching dog 132 is in the longitudinal groove 118, the latching dog 132 will be longitudinally
20 aligned with the window 108. The gas lift valve 122 will continue to be lowered into the first
pocket 104 until the orienting key 128 on the latch 126 enters the longitudinal groove 118 and
the gas lift valve 122 locates in its locked, or lowermost, position, in a manner well known to

those of skill in the art, such that the latching dog 132 on the single collet finger 130 is positioned

within the window 108 and positively engaged with the recess (not shown here) on the actuator
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(not shown here) that is housed within the second pocket 106. The manner in which the latching
dog 132 is securely engaged with the recess (not shown) is well known to those of ordinary skill
in the art. Once this connection is established between the latching dog 132 and the actuator
recess (not shown), the actuator (not shown) may be used to open and close the gas lift valve 122,
5 as will be more fully discussed below. The distance between the orienting key 128 on the latch
126 and the latching dog 132 is such that the orienting key 128 remains positioned in the
longitudinal groove 118 between the guide rails 114 and 116 when the latching dog 132 is

secured to the actuator recess (not shown).
In addition to orienting the gas lift valve 122 within the first pocket 104 so as to align the
10 latching dog 132 with the actuator recess (not shown), it may also be desired to orient the gas lift
valve 122 for other reasons, such as relative to the first and second fluid flow ports 110 and 112,

shown in Figure 21.

Referring now to Figures 24C and 24D, which show the gas lift valve 122 in an open
position, the gas lift valve 122 may include a stem 138 connected to the collet finger 130 and
15 having an annular sealing surface 140, a first flow slot 142, and a second flow slot 144, shown
with dashed lines. In a specific embodiment, the first flow slot 142 and the second flow slot 144
may be aligned at right, or 90 degree, angles to one another. The gas lift valve 122 may further
include a valve body 145 having a first flow window 146, a second flow window 148 (shown
with dashed lines), and an annular stem seat 150. In a specific embodiment, the first flow
20 window 146 and the second flow window 148 may be aligned at right, or 90 degree, angles to
one another. The stem 138 is disposed for longitudinal movement within the valve body 145.
The stem 138 is moved up and down by the collet finger 130, which is moved up and down by
the actuator (see, e.g., the actuating means 20 in Figure 1B), by virtue of the actuator and collet

finger 130 being mechanically attached to one another via the latching dog 132 and the recess
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32a (see Figure 1B). When the valve 122 is in its open position, as shown in Figure 24D, the first
flow slot 142 on the stem 138 is positioned adjacent the first flow window 146 on the valve body
145, and the second flow slot 144 on the stem 138 is positioned adjacent the second flow window
148 on the valve body 145, so as to cstablish two ghanncls through which lift gas may flow into
5 the valve 122. When the valve is moved to its closed position (not shown), the stem sealing
surface 140 is sealed against the stem seat 150, so as to prohibit the flow of lift gas through the
flow windows 146 and 148, and through the flow slots 142 and 144, respectively. The flow
windows 146 and 148, and the flow slots 142 and 144, are positioned in a specific relationship
to the latching dog 132 so that when the gas lift valve 122 is properly located within the first

10 mandrel pocket 104 (i.e., when the latching dog 132 is engaged with the actuator recess), the first
flow window 146 and the first flow slot 142 are longitudinally and elevationally aligned with the
first flow port 110 in the mandrel 100 (sce Figure 21), and the second flow window 148 and the
second flow slot 144 are longitudinally and clevationally aligned with the second flow port 112
in the mandrel 100 (see Figure 21).

15 With the gas lift valve 8, discussed above with reference to Figures 1-18, there is no need
to orient the gas lift valve 8 relative to the injection gas ports 13 (see Figure 7) because the valve
body 10 (see Figure 1B) associated with the gas lift valve 8 is provided with a plurality of flow
slots 10a disposed about the circumference of the valve body 10. As such, irrespective of the
orientation of the gas lift valve 8 relative to the injection gas ports 13, there will be a flow slot

20 10a disposed adjacent each of the injection gas ports 13 to facilitate the flow of injection gas 18
into the gas lift valve 8. However, with the gas lift valve 122 shown in Figures 24 to 29, the
valve body 145 and the stem 138 each include just two flow channels, namely the first and
second flow windows 146 and 148, and the first and second flow slots 142 and 144. As such,

it is desirable to align the first flow window 146 and the first flow slot 142 (see Figure 24D) with
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148 and the second flow slot 144 with the second flow port 112 on the mandrel 100. A key
advantage to providing the gas lift valve 122 with only two flow channels for the lift gas to flow
into the valve 122 is that erosion of an inner bore 152 of the stem 138, due to high-velocity gas
flow thereover, is reduced. This is especially so when the two flow channels are positioned
relative to one another at right, or 90 degree, angles. As illustrated by Figure 30, this is because
the jets of lift gas flowing into the valve 122 through the mandrel flow ports 110 and 112 collide
with one another and are thereby slowed down and redirected to prevent high-velocity contact
of the jets with the inner bore 152.

Whereas the present invention has been described in particular relation to the drawings
attached hereto, it should be understood that other and further modifications, apart from those
shown or suggested herein, may bc made within the scope and spirit of the present invention.
For example, it should be understood that the orienting aspect of the present invention is not
limited to orienting a gas lift valve rclative to an actuator, but may be used for the relative
orientation of any two devices within parallel pockets in a mandrel. Further, the orienting aspect
of the present invention may be used not only for the purpose of establishing a mechanical
connection between two devices within parallel mandrel pockets, but also to make an indirect
(e.g., magnetic, electrical, etc.) connection between two devices within parallel mandrel pockets,
even if there is no window connecting the parallel pockets. Accordingly, the invention is

therefore to be limited only by the scope of the appended claims.
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CLAIMS
1 1. An apparatus for orienting a first device in a first pocket in a mandre] relative to
2 a second device in a second pocket in the mandrel, the first and second pockets being
3 substantially parallel to one another, comprising:
4 a first guide rail and a second guide rail, the first and second guide rails being on
5 an inner surface of the mandrel and spaced apart in substantially parallel
6 rclationship to define a longitudinal groove therebetween;
7 the first device having an orienting key and a first reference point, the orienting
8 key and the first reference point being longitudinally aligned;
9 the second device having a second reference point; and,
10 the first and second reference points being longitudinally aligned when the
11 orienting key is disposed within the longitudinal groove between the
12 guide rails.
1 2, The orienting apparatus of claim 1, wherein the longitudinal groove is above the

2 first pocket.

1 3. The orienting apparatus of claim 1, wherein the first and second guide rails are
2 located within a discriminator trough in the mandrel.

1 4, The orienting apparatus of claim 1, wherein the first device is a latch attached to
2 a variable orifice gas lift valve,
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1 5. The orienting apparatus of claim 4, wherein the orienting key is attached to the
2 latch.
1 6. The orienting apparatus of claim 4, wherein the first reference point is a latching
2 dog on a collet finger, the collet finger being attached to a stem disposed for longitudinal
3 movement within a valve body of the gas lift valve, the second reference point being a recess on
4 the second device, the latching dog being secuiely engaged with the recess when the gas lift valve
5 is in a lowermost position.
l 7. The orienting apparatus of claim 6, wherein the second device is a means for
2 actuating the gas lift valve.
1 8. The orienting apparatus of claim 6, whercin the first pocket and the second pocket
2 are connected by a window, and the connection between the latching dog and the recess is made
3 through the window.
1 9. The orienting apparatus of claim 4, wherein the gas lift valve includes a first and
2 a second flow window, and the mandre! further includes a first and a second flow port, the first
3 flow port being aligned with the first flow window when the first and second reference points are
4 longitudinally and elevationally aligned.
1 10.  The orienting apparatus of claim 9, wherein the first and second flow windows
2 are positioned at right angles to each other, and wherein the first and second flow ports are
3 positioned at right angles to each other.
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1 11.  The orienting apparatus of claim 1, wherein the first device includes at least one
2 additional reference point, and the second device includes at least one additional reference point,
3 and thc at least one additional reference point on the first device is aligned with the at least one
4 additional reference point on the second device with the first and second reference points are
5 longitudinally and elevationally aligned.

1 12.  The orienting apparatus of claim 1, wherein the distance between the orienling key

2 and the first reference point is such that the orienting key is disposed within the longitudinal

3 groove between the guide rails when the first and second reference points are longitudinally and

4 elevationally aligned.

1 13.  An apparatus for orienting a variable orifice gas lift valve in a first pocket in a

2 mandrel relative to a means for actuating the gas lift valve that is located in a second pocket in

3 the mandrel, the first and second pockets being substantially parallel to one another, comprising:

4 a first guide rail and a second guide rail, the first and second guide rails being on

5 an inner surface of the mandrel and spaced apart in substantially paralicl

6 relationship to define a longitudinal groove therebetween;

7 the gas lift valve having an orienting key and a latching dog, the orienting key

8 and the latching dog being longitudinally aligned;

9 the actuating means having a recess for engagably receiving the latching dog; and
10 the latching dog and the actuator recess being longitudinally aligned when the
11 orienting key is disposed within the longitudinal groove between the
12 guide rails.
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1 14.  The otienting apparatus of claim 13, wherein the latching dog and the actuator
2 recess are elevationally aligned and securely engaged when the gas lift valve isn a lowermost
3 position.

1 15, The orienting apparatus of claun 14, wherein the first pocket and the second
2 pocket are connecled by a window, and the conncction between the latching dog and the recess
3 is made through the window.

1 16.  The oricnting apparatus of claim 13, wherein the longitudinal groove is above the

2 first pocket.

1 17. The orienting apparatus of claim 13, wherein the first and second guide rails are
2 located within a discriminator trough in the mandrel.

1 18.  The oiienting apparatus ol claim 13, wherein the orienting key is attached o a
2 remotely retrievable latch, and the latch is attached to the gas lifl valve

1 19.  The orienting apparatus of claim 14, whercin the latching dog is part of a collet
2 finger, the collct finger being attached to a stem disposed for longitudinal movement within a
3 valve body of the gas lift valve, the stem having an annular sealing surface, a first flow slot. and
4 a second flow slot, the valve body having an annular stem seat, a first flow window, and a second
5 flow window, the first and second flow windows and the first and second flow slots being
6 longitudinally aligned, respectively, and being positioned relative to the latching dog so that
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7 when the latching dog is engaged with the actuator recess the first flow window and the fust flow
8 slot are longitudinally and elevationally aligned with a first flow port in the mandrel and the
9 second Hlow window and the second flow slot are longitudinally and elevationally aligned with
10 a second flow port in the mandrel.

1 20. The oricenting apparatus of claim 19, wherein the first and second flow windows
2 arc positioned at 1ight angles to each other, the first and second flow slots are positioned at right
3 angles to cach other, and the first and second flow ports are positioned at right angles to each
4 other.

1 21.  The orienting apparatus of claim 13, wherein the distance between the onenting
2 key and the latching dog is such that the orienting key is disposed within the longitudinal groove
3 between the guide rails when the latching dog and actuator recess are longitudinally and
4 elevationally aligned.

1 22.  'The orienting apparatus of claim 13, wherein the first guide rail includes a first
2 inclined surface extending away from the longitudinal groove and away from the first pocket, and

[FS)

the second guide rail further includes a second inclined surface cxtending away from the

4 longitudinal groove and away from the first pocket.
1 23.  The orienting apparatus of claim 13, wherein the actuating means is electro-
2 hydraulically operated, further including:

3 a hydraulic pump located in a downhole housing;

-4 -



10 U 10 U710% U&' ()- @B#! 10% U ()- @B#! 10% U ()- @B#! 10%

U&' () - WAKX@YYdEnbC 10 10!'! 7109 ()- S\ !'10%& ()- S\ !'10%& () -

S\ T10%& ()-S\ ' 10%x% ()-L10% ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c'g Ah@@g{imzn] c"
"Headi ng 83]c" "Heading 93]c"A "Default Par agr aph

Font =(1: CyLU5"$gox. OAEu( UJ[ 5U"' +27M=C_I| OTVZ\ 2" bdf hj | nprt vxz| ~' =h\ X2FY2" &+9/ 4

e8=D. kX OTXW bhn v{ : 9 2paficmenidsheecitd f0aA8 dhvirs tP@dHuhc%\ﬂMn on receipt of a
I HSUR () *+, - /0123456T| mes New RomanAri al Courier New'h Root

Ent r y\br dDocurrent S L fréh 5 Tormrol I%3}3456789
<=>? GABCDEFCH JKLI\/NCPQ?S UVWKYZ[\ ]~ " abcdef ghi j kI mopqr st uvwxyz{| } ~

VU HSYR (), - Olzaﬁéﬁmﬁ%rcuiuy connected to and responding to the action of the pump; and,

7 a moveable hydraulic piston responding to the hydraulic circuitry and operatively
8 connected to the variable orifice valve, controlling movement thereof.

1 24.  The orienting apparatus of claim 13, wherein the actuating means is hydraulically
2 operated, further including:

3 a hydraulic actuating piston located in u downhole housing and operatively
4 connected to the vaiiable orifice valve;

5 a spring, biasing the variable orifice valve in a full closed position; and,

6 at least one control line connected to the hydraulic actuating piston and extending
7 to a hydraulic pressure source,

1 25.  The orienting apparatus of claim 13, wherein the actuating means is electro-
2 hydraulic further including:

3 at least one electrically piloted hydraulic solenoid valve located in a downhole
4 housing;

5 at least one hydraulic control line connected to the solcnoid valve and extending
6 10 a hydraulic pressure source;

7 hydraulic circuity connected to and responding to the action of the solenoid
8 valve; and,

9 a moveable hydraulic piston responding to the hydraulic circuitry and operatively
10 connected to the variable orifice valve, controlling movement thereof.
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26.  The orienting apparatus of claim 13, wherein the actuating means is pneumo-
hydraulically actuated, further comprising:
a moveable hydraulic piston having a first and second end, operatively connected
to the variable orifice valve, contiolling movement thereof;
at least one hydrauhc control line connected to a hydiaulic pressure source and
communicating with the {irst end of the hydraulic piston; and,

a gas chamber connected to and communicating with the second end of the

hydraulic piston.



