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I nventions relate to inprovenents in tools and nethods used in 3T SEP 2004
subt erranean wells used to nani pul ate downhol e apparatus. Mre particularly
the present inventions relate to a downhole fluid powered tool which can
be placed in a well and utilizes downhole pressure differentials to power
the tool and use it to manipulate downhdre appar at us. BACKGROUND OF THE

| NVENTI ONS Devi ces | ocated downhole in a well that require downhol e

mani pul ation include ppgkEL FTOGRIACTUATORS ODIMEFHODNe |i ke. Sone of
t hese devices are pressure actuated or nmani pul ated. For exanpl e production

packers are run in a well and set to a set condition by
tenporarily plugging the producﬁggﬁ'{lmgfgﬁg thereafter increasing the
tubing pressure to nove a piston in the packer assenbly. Setting pressures
are limted blhe peeserpdoventiars ehtedodmpapyampitspinntgolsyangraath $86 the
safety pressure ratings of the surface equi pnent and production tubing. It

i's not upibserrandan Walg Rld topenitate ddvathdlendgpasatulsacavians phrtigulatly the
pressures on their wells to 3000 to 4000 psi for use in setting downhol e
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limtations can result in setting forgces so t hat the rf ormance of
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packers such as those with dual setting pistons can be used, the

associ atrednipotate doschhods epparadusindesi r abl e.  SUMMARY OF THE | NVENTI ONS

| BACKGROUND OF THE INVENTIONS
Devices located downhole in a well that require downhole manipulation
include packers, valves, side doors, and the like. Some of these devices are
pressure actuated or manipulated. For example production packers are run in a well
and moved from an unset to a set condition by temporarily plugging the produbtion
tubing and thereafter increasing the tubing pressure to move a piston in the packer
assembly. Setting pressures are limited by the capacity of the a\failable pumping
equipment and by the safety pressure ratings of the surface equipment and
production tubing. It is not unusual to find well operators that limit surface and tubing
pressures on their wells to 3000 to 4000 psi for use in setting downhole equipment.
In such wells as those requiring iarger bore hydraulic set packers with resultant smat!
setting-piston areas, surface pressure limitations can result in setting forces so low
that the performance of the packer may be compromised. Although more expensive
specially designed packers such as those with dual setting pistons can be used, the
assoc-iated increased costs are undesirable.
SUMMARY OF THE INVENTIONS

The present inventions contemplate an improved well tool actuator and

method does not require more expensive downhole equipment and can be utilized



The present inventions contenplate an inproved well tool actuator angi

met hod does not require nore expensi ve downhol e equi prent and can e EP 2004
utilized 3 0 SEP 2004 2 with imted actuation pressures. According to the
i nproved well tool actuator and nmethod of the present inventions, a fluid
pressure intensifier is placed in the well and coupled to the downhole
device to be manipulated. Fluid pressure intensifiers are devices that are

powered from. uppl j.ed pressurized fluid to produce a supply of fluid of
wihdeuldahial

hi gher OR RECSIWBPi ed pressurized fluid. Typically
intensifiers have oscillating internal pistons or the |ike that produce a
supply of fl Acdomting: tpr thes improved: eedletas! aguatosoamd mathad édheopresent y
times the fluid supply pressure. By using a fluid pressure intensifier the

act uat i pReRfiGES U efGan pRasuRE lifrRPRHic OsaplBEead ST thes Widll @n@ntougiedopettas e or
mani pul ate the downhol e device wi thout the necessity of increasing the
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supplie xcee e safe operating ra pressures

of the well tubings and equipnent. The well tpol actuator f. . the present
Chvent i Bawarad G 2 sHPRISRPTPRSUIIARE: TiFey RIRchiSGaar PR oih fuid @ ubBhET
fluid pressure itself wthout a high-pressure hydraulic or electrical
connect pmssure tian she fsapplied@ressiirizgdt ftuid hel ypiealbninteénsikensi loae oscillating
subt erranean hydraulically actuated well tools can be actuated at higher

pressur idth8s THRRLIIRE P prodioe Bl HiphPoEFBIY Bt al pleeBsid irtdasy bEui ts
can be gﬁ%@%ﬁ[ﬁéd in and carri ed downhol e v@tyﬁ t he act ualtﬂ:egn tool and
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operat egrersesgtr)é ?Atgngﬁ(larlz &eDggt%glﬁgg ngc;lss%:regg% %Vgrggssed to a pressure sufficient
to operate or manipulate the downhole device without the necessity of increasing the
tubing pressure. According to the present invention the actuation pressures supplied
by the intensifier can exceed the safe operating rated pressures of the well tubings
and equipment. The well tool actuators of the present invention are self-contained in
that they are powered from the tubing fluid pressure itself without a high-pressure
hydraulic or electrical connection to the surface.

According to the present inventions, subterranean hydraulically actuated well
tools can be actuated at higher pressures than the supplied pressure. Fluid pressure
intensifiers circuits can be assembled in and carried downhole with the actuation tool
and removed once the actuation process is complete. Also, fluid pressure intensifier
circuits can be assembled as a part of the well tool and operated remotely

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are incorporated into and form a part of the

specification to illustrate several examples of the present inventions. These

drawings together with the description serve to explain the principals of the



The acconpanying drawi ngs are incorporated into and forma part of the
specification to illustrate several exanples of the present inventions.
These draw ngs together with the description serve to explain the 3( SEF 204
principals of the 30SEF2004 -3- inventions. The drawings are only for the

purpose of illustrating preferred and alternative exanples of how the
I nventions can be nade and used and arenot to be <construed as limting
the inventions to only the illustrated and descri bed exanpl es. The various

omaraftEnilfs; *Thy' Grulhal MrePoRR=RE fh%"@ﬂ;?é%%soY"illidst%imﬁaP?éfEHFdfér?H“ a

consi derat’i on of rraw IS a s

dlagramof a single flui pre sure intensif] 0 the typ use |nthe
wel It odltermative fenules 6f hoWhgrB¥@p{ons kAt ¢ ohade pneeed $d &lefiito

schematic tubing diagranms of fluid pressure i ntensifier ci rcuits for use
in the venstousd estiimitingrthe iaventisishindsnlyfthe Hiusifatedeangr degsribed axamplesns;
FIGURE 3 is a sectional view of a subterranean well |ocation with one

embodi MR \%fno%s\%’ddanfté%gs SnfdAure bﬂﬂe%ﬁé@érﬂ'|ﬂ@eﬁtibﬁshﬁlllﬂié?§pﬁérdnﬂﬁ©m i ons

| ocated therel |s a sectional viewsimlar to Figure 3

|IIustrat|n | t ativ nt of a well tool configuration of the
present g?ﬂa‘%raﬁo f]@ gﬁ\ghgﬁ%ct lonal viewsimlar to Figure 3

i1l ust ratl ng a second alternative enbodi nent of the well tool
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I nventions are described by reference to drawi ngs showi ng one or nore
exanpl ethefyplecfor ube in theewtll tools aad rhethueldeof dinel presea! inventivese dr awi ngs,

FIGURES 2A-C are schematic tubing diagrams of fluid pressure intensifier
circuits for use in the various embodiments and methods of the of the present
inventions;

FIGURE 3 is a sectional view of a subterranean well location with one
embodiment of a well tool configuration according to the present inventions located
therein;

FIGURE 4 is a sectional view similar to Figure 3 illustrating an alternative
embodiment of a well tool configuration of the present invention; and

FIGURE 5 is a sectional view similar to Figure 3 illustrating a second
alternative embodiment of the well tool configuration of the present invention.

DETAILED DESCRIPTION

The present inventions are described by reference to drawings showing one
or more examples of how the inventions can be made and used. In these drawings,
reference characters are used throughout the several views to indicate like or
corresponding parts.

In FIGURE 1, a typical fluid schematic for a single action oscillating pump

intensifier is illustrated. Intensifiers of this type can be obtained from Sherex



reference characters are used throughout the several views to indgfﬁnghybe
or corresponding parts. In FIGURE 1, a typidhl fluid schematic f o
single action oscillating punp intensifier is illustrated. Intensifiers of
this type can be obtained from Sherex -4- Industries of Lancaster, NY as
nodel nunmbers HC 2-6. Intensifier 10 uses an oscillating punp unit

I ncorporating a | ow pressure piston LPf”a hi gh- pressure piston HP and a

bi st abl e reversing’valve BV1. When hydraulic fluid at system pressure is

suppl i elddustriesr of $ancasted, NY aas Maed@l nyrpbersy Heast-6¢chEERNGEHET d O0kvEes jaf o
Vol . 1, past check valve KV2 through high pressure output port H The term

"port” hsciltRe PEMP init hodrpoediflgge lev-presserns igton iLR]ia high-preskoeapiston i n
the flow path rather than any particular structure or shape. At this point

al | HHE?EHLA- ﬁ%@gb'e”'te%%@%b’%%ﬁ%’ er flows through the intensifier and

out the ure  ou If for exanple the high pressure port
H is connected to the chanber of a piston-cylinder, actuator, asse ,.. the
act uat or W IWWEY@'@@@GE‘H"@@ FH%G%BES§UT%f P %@@r%zaagfﬁmuﬁi'fsr{gws H.
When the actuator nmeets sufficient resistance to stall out, pressure wll

i ncr easfeeélp past chieghvaivedévil einolol. H, pastoiedk valwe ybihyopgle Highr pressuge t hat
point, check valve KV1 will close and fluid fromport S wll accunulate in

Vol . 1out§f]? Bhayabie R is eeeddrirsinvala bbddgderic 8ends tpireticatea i s
applied t Vgl. 1, the pistons LP and HP will nove down. During downward
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arge or return po
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string | is pressurized. This causes the bistable valve BVl to change
posi t i ooutput poanidedf farrexamplectheupghpressure port H is connected to the chamber
of a piston-cylinder actuator assembly, the actuator will move because of the supply
of pressurized fluid at port H. When the actuator meets sufficient resistance to stall
out, pressure will increase in the high-pressure port H to equal the supply pressure.
At that point, check valve KV1 will close and fluid from port S will accumulate in Vol.
1. The bistable valve BV1 connects Vol. 2 to Vol. 3. As pressure is applied to Vol. 1,
the pistons LP and HP will move down. During downward movement of the pistons,
fluid is forced from Vol.2, through bistable valve BV1, though Vol. 3 and out
discharge or return port R. Simultaneously, as Vol. 1 expands from the downward
piston movement fluid from port S fills Vol. 1.
When the pistons are completely down, pilot string 1 is pressurized. This
causes the bistable valve BV1 to change position and connect the fluid supply port S
and Vol. 2. The pressurized fluid supplied through port S to Vol. 2 causes the
pistons LP and HP to move upward. The upward piston movement compresses the

fluid in Vol. 1 and causes it to flow through the check valve KV2 and out port H. This

pumping action of the pistons delivers fluid at port H at a higher pressure than supply



and Vol. 2. The pressurized fluid supplied through port S to Vol. 2 causes

the pistons LP and HP to nove upward. The upward pi ston novenent 30 SEP 2004

conpresses the fluid in Vol. 1 and causes it to flow through the check
val ve KV2 and out port H This punping action of the pistons delivers
fluid at port H at a higher pressure than supply 3 0 SEP 2004 -5- pressure
at port S. Once the high-pressure pi stén HP has noved fully up, pilot
string | causes bistable valve BV1 to shift to its original posjtion to

r est ar t pressureyat port heOncg the high-pressateepisiom P haaaempéq& T U RIS 8B ghas
been established. The pressure supplied at port His determned by the

rati o of chlige@bfAable Vdife B\PME@ERES &5 phigihah pbsiBodituirdsthrbthet byclar aeof
t he high-pressure piston HP. In sone intensifiers ratios of as high as
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t hr ough an ‘actuator that wou have stall ed at

the | ower supply pressure. For exanple, where fluid is . su | ed at hr ee
t housand psi'?gﬂé)rﬁﬁﬁléﬁsﬁlfﬂ%'ﬁd@irp% sedetenningddy ﬂ}?er%tl?pgﬂpep?aasﬂfr %o as

much as sixty thousand psi. Intensifiers of the type described above
oper at eloivipiassuts pistorot Psdinigies. byl thet area dfithethigh-pregsune ision $Dply Spr@ssur e
flows at a relatively high volune through the device to the output port H

and in %%d%iﬁé?}sar%ﬁoé‘%% ﬁTghCQé”fWéﬁt‘fMOtdWé ®h0e DwnathievedctTias aupply of

encounters suificient resiStance to stall out at supply pressure the
intensifier begins the second e ugpi itRst whlid hi s
second E@Eﬁ[‘%‘?ﬁ%“&e |f@‘”§§ﬁrﬁbﬂ% eﬁ&iﬁj? é;%ﬁo%?gggr@ @@tveagﬁaé%%ﬁgr %r dssure to
further nove the stalled out actuator ar?:d conpl ete the eﬁct ation I‘c%clte. In
the secbave stallgdoat tealgwariinpht BraSSUrer FoiSaaRe: WoSrg dUf (EYPRRS @
conponents, a high-pressure conponent at out port H and a |ow pressure
conponethire@tthoesand psotiie Rtensifier can be used 1o raise the supply pressure to as

much as sixty thousand psi.

Intensifiers of the type described above operate in two steps or stages. In the

first step fluid at supply pressure flows at a relatively high volume through the device

to the output port H and in turn to any actuator connected thereto. When the

actuator encounters sufficient resistance to stall out at supply pressure the intensifier

begins the second step or stage where pumping begins. In this second step, fluid is

supplied at a lower rate but at a higher pressure to further move the stalled out

actuator and complete the actuation cycle. In the second step or stage the intensifier

divides the fluid into two components, a high-pressure component at out port H and

a low-pressure component at return port R.

The present inventions utilize intensifiers in tools and methods for fiuid
actuation of downhole well equipment. In Figures 2A-2C, the fluid schematics for
three well configurations using fluid pressure intensifiers 10 are illustrated for use
with variable volume piston-cylinder actuated equipment such as packer 20.

Conventional packer assemblies and other hydraulically actuated downhole tools



The present inventions utilize intensifiers in tools and nethods for fluid

actuation of downhole well equipnent. In Figures 2A-2C, the fluid SEP 260:
schematics for three well configurations using fluid pressure i ntensi%pers
10 are illustrated for use wth variable volune piston-cylinder actuated

equi pnment such as packer 20. Conventional packer assenblies and ot her
hydraul i cal | y actuated downhol e tools-%-0 SEP 2304~ -6- have both annul ar
and cylindrical piston-cylinder assenblies. Wen actuating fluid is
suppl i egavebdiheavanlzabhe cylimdnioal pistoheytiydematsembiiespiWhen agitating fiud é
tel escope and provide an actuation force to mani pul ate the packer.
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packers present 1nventions are applicable to other types of

hydr aul i cal actuated tfools. The tens of Figures T .
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provide actuation pressures as high as sixty thousand psi to the down hole
tool wigspeat teutipecholey ydeauligslly gaciuatedy paskersedhe nprgsent pRardignssarg n
Figure 2A the supply port S of intensifier 10 is open to production tubing

pr essur gpdiRapftPBiHe? MFbey 8 Mpdrallically dntuaisedobls. oplen spsteaisoskFiglifespPAt S
as is well known in the art. The return port Ris open to a | ower pressure
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shown) a seg osed off by a plug (not shown). T

hi gh- pressure output port H connected tg the variable volu
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40 can conprise suitable placed packing and ports or other types of

downhol witheltesigzibtting trentebinmsisingdo (thesmigheh PIARSUERY-. A check val ve 50 (in
addition to KV2) can be positioned in the packer 20. According to the

net hods of t e FRjeee?A the\wmplyoporti Sitofisiehsifier 10 issopen itd guioduction tubing

pressure TP. An optional valve 30 can be used to open or close off port S as is well
known in the art. The return port R is open to a lower pressure source such as the
annulus between the casing and production tubing (not shown) or a segment of the
tubing closed off by a plug (not shown). The high-pressure output port H connected
to the variable volume piston-cylinder assembly of packer 20 by a fluid connection
40. Connection 40 can comprise suitable placed packing and ports or other types of
downhole releasable connections well known in the art. A check valve 50 (in
addition to KV2) can be positioned in the packer 20.

According to the methods of the present invention, intensifier 10 is carried
downhole as part of a downhole tool to a location adjacent the packer 20 and
connected thereto through connection 40. As will be described the return port R is
also connected to a low-pressure source. After valve 30 is opened, intensifier 10
supplies tubing pressure TP to the packer 20 until the packer 20 stalls out and then
operates to supply higher pressure fluid to complete the actuation of the packer 20.

In Figure 2B the fluid system is similar except a hydraulic fluid supply



downhol e as part of a downhole tool to a |ocation adjacent the packer 2% ,
and connected thereto through connection 40. As will be descri bed tyﬁgeSE e
return port Ris also connected to a | ow pressure source. After valve 30
is opened, intensifier 10 supplies tubing pressure TP to the packer 20
until the packer 20 stalls out and ther _ operates to supply higher pressure
fluid to conplete the actuation of the packer In Figure 2B the fluid

20.
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Supply 60 consists of a chanber filled wth_hydraulic fluid 70 with
pi st on oensistspeir agehagobemnlleshwithehydraulic fing {8 with 13,ipit] Y PigPhEagm
port Hto the space bel ow piston 80, piston 80 is forced to nove upward
punpi nghddr tid flgidf | A dvedOflibirie wuippted et ipont Koo thedspateobelow pistaraBos  of
packer 20. In this configuration the packer is isolated form tubing

fluids. .. LAl i . lagi d
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Figure 3 a well tool assenbly 100 according to the present invention is
shown i whingfluidsr r anean | ocation in the tubing 102 of a cased well 104. In
the illustrated enbodi ment tool 100 is a wire line tool used to set a

t ubi ng packefn Fiduré 2C thavssppinéd isannebied: betiveedthe dubivgituig delet TBrand i n
the well using neans other than wre line such as coil and other tubing

and t hey|d hﬁenﬁﬁé%%ﬁﬁ?%ﬁm of Ahltu%gaﬂmerbﬁté@, st 600 thyidsasifofeid 70 is

mani pul at1 ng a hy cally actuated tubing packer, but it is to be
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are isolated from well fluids.

In Figure 3 a well tool assembly 100 according to the present invention is
shown in a subterranean location in the tubing 102 of a cased well 104. In the
iilustrated embodiment tool 100 is a wire line tool used to set a tubing packer. It is
envisioned that the tool 100 could be positioned in the well using means other than
wire line such as coil and other tubing and the like. For purposes of illustration the
tool 100 is shown manipulating a hydraulically actuated tubing packer, but it is to be
understood that the teachings of the present inventions apply to other types of
hydraulically actuated tools.

Tool 100 has a body 106 shown in contact with landing nipple 108. In the
illustrated embodiment upper, center and lower V-packing assemblies 110, 112 and
114, respectively, are axially spaced on the exterior of the body 106 for sealing
against the interior wall of tubing 102. These V-packing assemblies define two
closed annular chambers 116 and 118.

The supply, return, and high-pressure ports on intensifier 100 are connected



hydraulically actuated tools. Tool 100 has a body 106 shown in contact wth
| anding nipple 108. In the illustrated enbodi ment upper, center angi}SoRai%
V- packi ng assenblies 110, 112 and 114, respectively, are axially spaced on
the exterior of the body 106 for sealing against the interior wall of
tubi ng 102. These V-packi ng assenbliegg@efine two closed annul ar chanbers
116 and 118. The supply, return, and high-pressure ports on intensifier 100

body 108 cxamppasty 8TeR - Aaddlreseaie oG P AGSRTEN FURbCBoh ki ng

110. Port ST forns the flow path for pressurized fluids in the tubing to
enter t lseopent Entief fubmg fraidtsuRply abeyscpacking Adfbdtort BTefosma the fiomwepath for
t ubi ng- casi ng annul us 103 through a port 120 in the wall of tubing 102.

Annul us p 03, FigedFIuRld PVle mb&?w entr aBe fitensifienr Poi RiTdis dpsaviongharaber RT.
Port HT 1s open to chanber 118 and to the chanmber 122 in packer el enent

124, of tua . 1S f A € ' it
connect 1 @r ndt Eﬁ-tli%gu%ﬁg%ébgﬁéﬂu@grﬂjﬁog d %ggﬂﬁ{réo%%éﬁﬂwdlmgevﬂgﬁ hg)f or
hi gh- pressure fl uids unped formthe intensifier 10 .in well t 100.
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cl osed by sleeves or the |ike (not shown) that are opened when the well

tool 100 is PoanHddisorpernto chamibey 1iBppne ta tee chambesirer inpatkatRlamenh t he
i ndustry. In operation, well tool 100 is | owered or punped down the tubing

102 to 198nbRsttuERs 128diAngormi1Bl ie fdfiBed Thehd well dfG0bmd102 $o pankectgport
connects port RT to port 120 and port FIT to port 128. The fluid pressure

in tubi | j . bRi Met |44 ' i
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Although not shown it is to be understood that ports 120 and 128 can be
closed by sleeves or the like (not shown) that are opened when the well too! 100 is
landed on the landing nipple 108 in a manner well known in the industry.

In operation, well tool 100 is lowered or pumped down the tubing 102 to
contact the landing nipple 108. The tool 100 and its packing connects port RT to
port 120 and port HT to port 128. The fluid pressure in tubing 102 is next increased.
initially the fluid pressure from tubing 102 flows to the intensifier 10 thought port ST
and through the intensifier to the actuator 126 through port HT. As the packer meets
sufficient resistance the intensifier 10 begins the next step to pump fluid at a
pressure higher than tubing fluid pressure to the actuator. Once the packer is
completely set wire line 130 or other means can be used to remove the tool 100 from
the well. In this manner downhole hydraulically actuated equipment can be
manipulated at pressures higher than tubing pressure limits.

In Figure 4 an alternative embodiment of the well toot 100 A of the present

invention is illustrated. In this embodiment the center V-packer, element 112 and



sufficient resistance the intensifier 10 begins the next step to punp %
at a pressure higher than tubing fluid pressure to the actuator. On sﬁje b
packer is conpletely set wire Iine 130 or other neans can be used to
renove the tool 100 from the well. In this manner downhol e hydraulically
actuat ed equi pnent can be nmani pul at edgat pressures higher than tubing

Rrefssu:}e limts. In Figure 4 an alterndtive enbodi nent of the well toot 100
of the present invention is jillustrated. In, this enmbodi nent e, CRNt er
V- packePortel 2hare elmingieg. 30 isghargg Qé-rEtHH} fluigh ¢ zyr"ré’”gﬁi &iengpgdkﬁldns ar ge
of return fluid is through the port RT in the bottomof the tool 100 a.

Por t  RTbottomuofi thet tles| WQt &. tFertimt ecrununitatesewithdhadnteoior cbéheduking 10snwer
V-packing 114. In operation, tubing 102 is pressurized once the tool 100 A

is in phass M IbdedMigastinga4108.operatisiinibiad 1f02uispresseized drecepthettoST and
I's conducted to port S onintensifier 112. Intensifier 112 supplies

hi gh- pr re fluidt t : t
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the tool 1 A. In Figure 5 the intensifier 10.4s connected to th in
102 andoorduied 0 Pert § on RSN T \a (R b g esgre - Lrs s el T
the wall of the tubing and is connected to the supply port. S on the

i nt ensi fieepadker gotsatior di#Getheowghuperts|dekid and 428 tFR@thrfmldlwtwﬁewﬁer
provi ded and opened as required such as in conventional down hole

hydr aul frg@l hyrt RO8RERETtcPEHe tRBRTY beiuaithedopladeAs. Al though the intensifier
Is illustrated as having a cylindrical piston, it is anticipated that the

intensifier ﬁ?(ﬁ:’l 188 tHeOh i 1b %%Hr%rctélﬂ g:;fmst_uﬁmb 992 idSE Snstaled &1 0

gga;ﬁorsegolr xentlona kpackeLs and c? be integrally formed in the
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connected to the supply port S on the intensifier 10. A suitable closure sieeve C for
the port 140 can be provided and opened as required such as in conventional down
hole hydraulicalty operated equipment such as packers. Although the intensifier is
illustrated as having a cylindrical piston, it is anticipated that the intensifier could be
formed with annular pistons and cylinders similar to those used in conventional
packers and could be integrally formed in the downhole tool such as a packer. The
high-pressure output port H of the intensifier 10 is connected to the chamber 122 of
the packer actuator 126. The retum port R of the intensifier 10 is vented to the
annuius 103. In operation, a plug 142 is set in a conventional manner on landing
nipple 108. Plug 142 has V-packing or the like which seals against the interior of the
tubing. Typically, the plug has means for opening the port 140 to connect the supply
port S on the intensifier 10 to the interior of the tubing 102 above the plug. As
described above in reference to other figures the intensifier will first convey
pressurized tubing fluid to the packer actuator and when it stalls, will pump higher-

pressure fluid to packer actuator to complete the actuation process. Once the



t he packer actuator 126. The return port R of the intensifier 10 is vented
to the annulus 103. In operation, a plug 142 is set in a conventioﬁﬂSEP2%L
manner on |l anding nipple 108. Plug 142 has V-packing or the |like which
seal s against the interior of the tubing. Typically, the plug has neans
for opening the port 140 to connect the supply port S on the intensifier
10 to the interior of the tubing 102 abmve the plug. As described above in
reference to other figures the intensifier will first convey pressurized

t ubi ng 55?1{&_@ %c’éd%ﬁe@,aglﬁ@fcha%tb%m@a frovel N Vsl dncB 4 40 i prefetdblp uimsedivgtrer -

pressure uid to packer actuator to conplete the actuation process. Once

the 3 0 SERP 2004 -10- er ts 142 is pulled fromthe well
and 1408 d'BQé&%‘?‘éﬁ)PVht%a@{ée%s%W%ﬁkﬁg}gﬁﬁ%frﬁ%gg] eeve or the like as is well
known in the art. Although the tools and actuation sgéerrs O.T Fi ure%?d3-5
were i1 ust rAlteauaindhe teelsranseactygtion sysiens ﬁﬁF@qfﬁ% iW‘?rgr”B%‘%@%
Figure 2A it is intended that the systens of Figures 3-5 could use the

hydr aul §esariseal Msingnite simpte doteesifi2B systerd @f Fighee Pankis ix intedded thauthieed on
and carried downhole with the tool or could be installed with the downhol e

equi pm&ﬁ%ﬁﬂsb& ﬁé@éﬁ?iﬁe{g}é&ﬁ G Hiy ﬁgdramh@ SQPPQ%HRQIOTF Fi@eR 2B dndesc! i bed

above a y ex ny detalls are o n found in the art such as:

val ves, _connect ors ackers, intensifiers or t t i ke, ore
many sutRe dapks 1oUld D&, Bquiited sq{b\ﬁﬁdn%qmags%&"i"%% ?a\Wh tFE 46’8&( %élgélﬁrréegget hat
all of the detail parts, elenents, or steps described and shown were

i nvent eistaiediwith thedownbolgrequinesto be Ayd@audealbt petdatgdy advant ages of the
present inventions have been set forth in the foregoing description,

t oget her wi t ffhedeindbtifnaitst sreovei randt described oo iaoe wily texemplaent Many, t he

disclosure is illustrative only, and changes may be made in the detail,

especi ajLppik BBSAST foultld #REartSIueR as: valves, connectors, packers, intensifiers,
ports and the like. Therefore many such details are neither shown nor described. It
is not claimed that all of the detail parts, elements, or steps described and shown
were invented herein. Even though numerous characteristics and advantages of the
present inventions have been set forth in the foregoing description, together with
details of the structure and function of the inventions, the disclosure is illustrative
only, and changes may be made in the detail, especially in matters of shape, size
and arrangement of the parts within the principles of the inventions to the full extent
indicated by the broad general meaning of the terms used the attached claims.

The restrictive description and drawings of the specific exampies above do
not point out what an infringement of this patent would be, but are to provide at least
one explanation of how to make and use the inventions. The limits of the inventions
and the bounds of the patent protection are measured by and defined in the following
claims:

WHAT IS CLAIMED:



and arrangenent of the parts within the principles of the inventions to the
full extent indicated by the broad general neaning of the terns usgq)mﬂexm
attached clainms. The restrictive description and drawi ngs of the specific
exanpl es above do not point out what an infringement of this patent woul d
be, but are to provide at | east one explanation of how to make and use the
I nventions. The limts of the inventions and the bounds of the patent
protection are neasured by and definediin the following clains: WHAT IS
CLAIMED: 3 0 SEP 2n-~,~ - 11 1 A tool for use in the subterranean

pressuri zed Aligbffdragat edihersdtierbnbhngredsuaizeaarmd [veltbd SroiHENIbMY 8t 8 a
subterranean fluid actuated device by supplying fluid to an inlet port on

compr 1 S wefdBFRR LR AL YO e BB i gk et B Sb P i dkir

intensifier on the body, the intensifier having an inlet port in fluid
comuniaatnlenpaittan theedeviee ej F pc&s;suaeu@leaf@t&dnegeve pebingdélid peesavee.f$aidd at
a pressure elevated above tubing fluid pressure, and a fluid conductor
connectigdl ¢dmphsingut | et port on the pressure intensifier, the conductor
bei ng adapted to connect to the inlet port on the subterranean device to

t her eby nanié)%gk%fta%‘%ﬁggﬁ WSB ﬁ“ﬂ’ge %Hbat ilon fromthe supply of fluid

at a pressure ove ressure.”'. 2. The tool of claim1l

additionally copprising a tubin |l ug on the body of the type that can be
installed t @ @nggf%wg% Jﬂﬁﬂaffﬁﬁ&’%i tg& RRdy. the ”i“ﬁﬂé'%%ﬂ”a&ngt% NP 1D bel ow

the plug fromtubing fluid pressure in the tubing above the plug.
fluid communication with the tubing fluid and an outlet port delivering fluid at a

pressure elevated above tubing fluid pressure, and

a fluid conductor connected to the outlet port on the pressure intensifier, the
conducior being adapted to connect to the inlet port on the subterranean device to
thereby manipulate the device by fluid actuation from the supply of fluid at a pressure
above tubing fluid pressure. .

2. The tool of claim 1 additionally comprising a tubing plug on the body of
the type that can be installed to close the tubing and isolate the interior of the tubing
below the plug from tubing fluid pressure in the tubing above the plug.

3. The tool of claim 2 additionelly comprising a return port on the
intensifier, a fluid passage in fluid communicaiion with the return port and with the
lower side of the plug whereby fluid is discharged from the intensifier.

4. The 1ool of claim 1 for use in a well having a subterranean discharge
flow passageway communicating between the interior and exterior of the well tubing
and wherein the tool addilionally comprises z return port on the intensifier, 2 second
fluid conducior on the bedy in fluid communication with the return port on the
intensifier, the second conductor being adapled to connect to the return flow

passageway when ihe 1ool is localed in the well 1ubing whereby fluid can be



3. The tool of claim?2 additionally conprising a return port on the
intensifier, a fluid passage in fluid comrunication with the return 5HG§EF2NM
and with the |ower side of the plug whereby fluid is discharged fromthe
intensifier. 4. The tool of claim1 for use in @well having a subterranean
di scharge flow passageway communi cating between the interior and exterior

of the well tubing and whel~ein the tool additionally conprises a return
port on the intensifier, a second fl-Uizd conduclor on the body 'in fluid
comuni cation with the return port on the intensifier, the second

conducti{gchzeseq frata e thtémsitanoabt ekridief (Rl fibhd. | ow passageway when the
tool is located in the welll tubing whereby fluid can be 3 0 SEP 2001 -
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wher eby the supply gort isin fluid .comunication wth the pressurized
t ubi nglrﬂenﬁlaemmﬁne ¥ Wheosunply ineseist id fluid eorsmusigationbivith. the. prepsurzesl of
claiml1l wherein the fluid supplied at the outlet port of the intensifier

exceedtubihg flokvimem thatied it i¥engdin @6 Wedl tubingThe tool of claim 1 wherein
the fluid supplied at the outlet _port of the |ntensrf|er is fromabout 1.2

Lo 20 ti s ogr eatl 1Aabitisnt YRl G ] WdliABeIRRIE Al RISk Ther

supply port ereln t terranean evice
he tooI of claim1l mhere in the subterranean devi ce has a

p| ston'”&?/”?" !éqax%%%%tm%mgéwpéetedltgbmg%e@%e of claim1 wherein the

I ntensifier conprises: a housing;
The tool of claim 1 wherein the fluid supplied at the outlet port of the

intensifier is from about 1.2 to 20 times greater than the tubing fluid pressure at the
intensifier supply port.

B. The tool of claim 1 wherein the subterranean device is a packer.

9. The tool of claim 1 where in the subterranean device has a piston-
cylinder assembly actuaior.

10.  The tool of claim 1 wherein the intensifier comprises:

a housing;

low pressure piston mounted for reciprocating motion in low pressure
chamber within the housing;

high pressure pisicn connecied to the low-pressure pision and mounted for
reciprocating motion in high-pressure chamber within the housing;

a valve in the housing comprising a control valve 1o receive fluid flow from the
supply port and seleciively direct 1he fluid flow to the low pressure chamber to cause
the low pressure piston 1o reciproczie and cause the high pressure piston 10
reciproczle, gnd io direct fluid from the low pressure chamber means 1o 2 return port;
and

a fivid passegeway arranged to direct fluid flow from the supply port inlo the



| ow pressure piston nounted for reciprocating notion in |ow pressure
chanber within the housing; high pressure piston connected to the SUSEP2Nﬂ
| ow pressure piston and nounted for reciprocating notion in high-pressure
chanmber within the housing; a valve in the housing conprising a control
valve to receive fluid flow fromthe supply port and selectively direct
the fluid flowto the | ow pressure chagber to cause the |ow pressure

pi ston 1o reciprocate and cause the high pressure piston to reciprocate,

and t Opﬁ“ 5@?%%45@%6%4' yl?érrl LPg b%ﬂ‘fré’fﬁ?ﬁé@%&epﬁe{éﬁ%’ﬂuﬁ?ﬁﬁ% 49 SifiepregBuRor t;

and a ewa arrang}ed to flow fromthe supply port
into the 3 0 SEP 2004 -13- high-pressure chanber and to direct higher

pr essuchamhgrd ofthemMighhBrefisyre ﬁw@g@a@f@fg%ﬁa er to the high-pressure fluid
di scharge port 11. A tool for use in the subterranean pressurized fluid

| ocated in tfe tuliteg foplisaircigesbielrandam press pided Buid lecdiedrin e tbing ui d
actuated device by supplying fluid to an inlet port on the device at a

pressurg el syl ﬁ%uggges{aﬁagmgiéﬁﬁ AL RIATRIM Sctuzed delRe! by SUBGIRG TG &

body of roug Ing; and a fluid pressure intensifier

on the body having a supply port in fluid .c nicat.io pth t t ubj ng
f1 ui d, ta@nonigteorper ihe Hbvitie i \?ecPrieﬁEFrPI%?‘@l?‘S%EEY%gS}%'UBBIIOX% pb%ﬁﬁp?%uslégj
pressure el evated above tubing fluid pressure. 12. A tool for use in the

subt er tawlesomprisisguri zed fluid located in the tubing of a cased well to
mani pul ate a subterranean fluid actuated device by supplying fluid to an

inlet port onpbhe fewiReIAlast MHESEUIHE tebiegasad above tubing fluid
pressure, sald
a fluid pressure intensifier on the body having a supply port in fluid
communication with the lubing fluid, an outlet port for delivering fluid from the supply
port at a pressure elevated above tubing fluid pressure.
12.  Atool for use in the subterranean pressurized fluid located in the tubing
of a cased well to manipulate a subterranean fluid aciuated device by supplying fluid
10 an inlet port on the device at a pressure elevated above tubi'ng fluid pressure, said
iool comprising:
a body of a size to pass through the tubing; and
pressure intensifier means on the body having a supply porl in fluid
communication with the tubing fluid and an outlet port for connection to the fluid
actuated device for delivering fluid from the supply port 21 a préssure eleveated above
tubing fluid pressure.
13. tool for use in ihe subierranean pressurized fluid located in the lubing
of 2 cased well to manipulale a sublerranezn fivid actuzsied device by supplying fluid
10 an inlet port on the device at a pressure elevated ebove tubing fluid pressure, said
ool comprising:

2 self conieined hody of & size ic pess through the fubing;



tool conprising: a body of a size to pass through the tubing; and pressure
intensifier means on the body having a supply port in fluid comurd@g8tF i
with the tubing fluid and an outlet port for connection to the fluid
actuated device for delivering fluid fromthe supply port at a pressure

el evated above tubing fluid pressure. ;33_ A tool for use in the
subterranean pressurized fluid |ocated in the cubing of a cased well to

i pul at { fluid,actuated device b Lying fluid t
et port oflhe RED! Eiotarn S BEkRL Terekncareasudesd dbichfom theuoing ™"

pressure, said tool conprising: a self contained body of a size to pass
t hr ough@PHdiuidiputgt o3 thoe fodcommantdatiod vsiipipeyinliehpett conthiehoe i anior
receiving pressurized fluid fromthe tubing and fluid outlet on the body

for communi caidms vh the bBEy tBhRECRAN D Ré?né\l?ﬁ‘%%w £&m tﬁBq‘luid@@ﬁ@@tﬁsﬁ body

connected for renoving flul romthe fluid supply port and ng the

df
ressur : fluid. and.di sghar gi the fluid outlet. 14. A nmethod of
Br ovi di §1§9f33{1§g?%ﬁgé§ﬁ%?&f g”@u%l’}{]&sﬁ%"f‘@"@nthg fﬁ’i"ﬁjPHhefoper abl e- appar at us
p

| ocated in a subterranean location in a well to operate the apparatus, the
wel | havi ng af- anhumeshddrofeproradingeactweting tfibii ng andupplyi part ohea fluit hod
conprising: noving a self-contained well tool into the well tubing to a

| ocat i wpeadbleceppatdies Ibtated oper abberegpreanalogstion e & ookl hevopgate the

hi gh- pressure di scharge port; placing the high-pressure discharge port in
fluid coypasBiucath®Wel havikg%&n SHRALY BRAE PetvdEn ek BiniRLEAS! @ sRBPHAL US;
method comprising:
moving a self-contained well tool into the well tubing to a location adjacent the
fluid operable apparatus, the tool having a high-pressure discharge port;
placing the high-pressure discharge port in fluid communication with the
supply port of the fluid operable apparatus;
providing pressurized fluid to the interior of the tubing; and
operating the weli tool from the pressurized fluid present in the tubing to first
supply pressurized fluid 1o the hydraulically operable apparatus at the pressure of

the fluid in the tubing until the apparatus stalls and thereafter supplying fluid at a

pressure in excess of the pressurized fluid to the fluid operable apparatus to thereby

overcome the stall and complete the actuation thereof.

15. A method of providing actuating fluid to a supply port on a hydraulically
operable apparatus located in a subterranean location in a well having a tubular
member in the well as in claim ¥ the method further comprising:

prbducing pressure in the first chamber supplied to actuator in excess of the

pressure in the second chamber.



providing pressurized fluid to the interior of the tubing; and operating
the well tool fromthe pressurized fluid present in the tubing to fi—-rﬂrs]s\:_p M0k
supply pressurized fluid to the hydraulically operabl e apparatus at Yhe
pressure of the fluid in the tubing until the apparatus stalls and
thereafter supplying fluid at a pressyse in excess of the pressurized
fluid to the fluid operable apparatus to thereby overcone the stall and

conplete 14g actual amddief Bviaihg oAb PEMITDPE LS UhtMcaiy! @

to a supply port -on a hydratlica ocated’in a

y oper

subt erranean, | ocation in a .1 havjng a tubular nenber in the Il as in
I ai m ORCTERIE REPREIUSUCCRIR @b P HBIERGNEBRoBGRI oMy ThrebdlrEaYing vhéy fisy
chanber supplied to actuator in excess of the pressure in the second
chanbermemt@rsErhe kel as reclairs. I5 At medod furireswiodipigingst uating fluid to a
supply port on a hydraulically operable apparatus |ocated in a

subt er r aneanpioegind® BréssiaeWal thehfvét Réaenbed Fdraraboi@ MR rtol 20 tikgeswgltdaters i n
claim15, the nethod further conprising: producing pressure in the first

charrberthhggg%?p‘g%uéxgrtré?r%goggjrcﬂgﬁ,ﬂﬁrreat er than the pressure in the

second c providing actuating fluid to a supply port
on a hydrayLi cal | oper abl e appar at us | ocat in a subterranean | pocation
" & el duing & TERHGS! Brriibas Hcatnd har o ssupalipat RhishotehEeal oo
further congri sing: producing pressure in the first chanber supplied to
act uat dParablexeegsraips lpgalesyin at sebipERnaam Ipeadiyuie a well having a tubular

e appar

member in the well as in claim 15, the method further comprising:
producing pressure in the first chamber supplied to actuator in excess of

tubing rated maximum pressure.





