-1 - RUNNI NG TOOL FOR EXPANDABLE LI NER HANGER AND

5ASSCOCI ATED METHODS TECHNI CAL FI ELD The present invention rel ates
generally to equipnent utilized and operations perforned in
conjunction with a 10 subterranean well and, in an enbodi nment
described herein, nore particularly provides a running tool for an
expandabl e Iiner hanger and associ ated net hods. BACKGROUND
15Expandabl e |i ner hangers are generally used to secure a liner
within a previously set casing or liner string. These types of |iner
hangers are typically set by expanding the liner hangers radially
outward into gripping and sealing contact with the previous casing or
liner string. Many such 20 |iner hangers are expanded by use of
hydraul ic pressure to drive an expandi ng cone or wedge through the

| i ner hanger, but other nethods may be used (such as nechani cal

svegi ng; expl ol PRIIH, FEN ENe ARDARIE PEFREA nANERR N |

mat eri al expansi on, omagnet| C 1orce-driven expansil on,

The expansi on process is typi AgkslocerEpr Mfrypgeans of a runni ng
tool used to convey the liner hanger and attached liner into a

wel | bore. The running tool is interconnected between a work string
(e.g., a tubular string - 2 -

TECHNICAL FIELD

The present invention relates generally to equipment
utilized and operations performed in conjunction with a
10 subterranean well and, in an embodiment described herein,
more particularly provides a running tool for an expandable

liner hanger and associated methods.

BACKGROUND

15 Expandable liner hangers are generally used to secure a
liner within a previously set casing or liner string. These
types of liner hangers are typically set by expanding the
liner hangers radially outward into gripping and sealing
contact with the previous casing or liner string. Many such

20 liner hangers are expanded by use of hydraulic pressure to
drive an expanding cone or wedge through the liner hanger,
but other methods may be used (such as mechanical swaging,
explosive expansion, memory metal expansion, swellable
material expansion, electromagnetic force-driven expansion,

25 etc.).

The expansion process is typically performed by means
of a running tool used to convey the liner hanger and
attached liner into a wellbore. The running tool is

interconnected between a work string (e.g., a tubular string



made up of drill pipe or other segnented or continuous tubular

el ements) and the |iner hanger. If the liner hanger is expanded
using hydraulic pressure, then the running tool is generally used to
control 5 the conmunication of fluid pressure, and flow to and from
various portions of the liner hanger expansion nmechanism and between
the work string and the liner. The running tool may al so be used to
control when and how the work string is released fromthe I|iner

hanger, fop.exanpl ¢ @F1fr f;%%a%? QRnhdf géﬁgﬁé&w LAgehoukn

energency situations, or a an unsucces setting of the liner
hanger. Théubyhprnglementss alddhesdabky bapgeted to provide for
cenmenting therethrough, in those cases in which the liner is to be
cemented in thelfethpotnerhrangermaseexppedad weid My drégailics

preferabl y ,capable, ofndf anaT AddG gt @684€1 5T 9O & ey MPTds Bt kbn@ohPrbe
liner, for exanple, to renediate sticking of "the liner in the

vel | bore, &hgbFemmhelcahion (af fduisedrassareriand stidwmgor enflufrper
drill the EFBBEG &0 00 ¥ Qﬁé@lﬂn@%‘hénﬁé% aﬁgidHDG%%ﬁgggsﬁQ an
end of the 20 |ner§, etc. It wll, thus, be appreciated that
many funct iodsbatecpertie maritaingxpaddabe elinger  Mhegaunpingi hgol
tool. If t e cf re. t e |V : .
reliably, ?ﬁznaéﬁg %%332??6%’é?“ﬁﬁéﬁrﬁﬁﬁﬁﬂgg?gg%ﬁs*%hﬁg%ﬁgggglng s
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pl ug to beudsvppedsfnl osrft e oforthe30iseri hgngert he conpl eti on of
the cenmenting operation and prior to expanding the Iiner hanger.
However, at sub%hantiumbingepidesl disdedsoi nshihhy yexieadteice dowpirbliddes,

tool (duri ngturrRnE g e e, Th HIBa g Al e hnb ot
reach the dgnnkngstbglbglcqmanted in the wellbore. Furthermore, the
15 running tool is preferably capable of transmitting torque
from the work string to the liner, for example, to remediate
sticking of the liner in the wellbore, enable the liner to
be used as a drill string to further drill the wellbore (in
which case a drill bit may be connected to an end of the

20 liner), etc.

It will, thus, be appreciated that many functions are
performed by an expandable liner hanger running tool. If
these functions are to be performed effectively and
reliably, then the operation of the running tool should be

25 appropriately tailored to the environment in which it is to

be used.

Unfortunately, past running tool designs have fallen
short in one or more respects. Some designs, for example,
require a ball or other plug to be dropped through the work

30 string at the completion of the cementing operation and
prior to expanding the liner hanger. However, at

substantial depths and/or in highly deviated wellbores, it



O her running tool designs use a release nmechanism5 which operates
by shearing pins in response to set down weight (conpressive force in
the work string). If this set down weight is applied prematurely

(e.qg., if the liner becomes stuck) or not at all (e.g., in a highly
devi ated wel Il bore), then the liner hanggr_ may be rel eased prematurely
10 or not at all. Still other running tool designs use a

rel ease nmechani sm whi ch operates in response to right-hand
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i ncapable of "transmtting substantial torque from 15 the work string
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circunstances to free a stuc t wl therefore, b
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| i ner hanger running tools and associ ated nethods of installing
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settingoprg%e Hpe,pro ¢y contingent rel ease procedure. Another exanple
i s describe el"ow’i n"whi ch conpressive force nay be applied to the

running tool atgafy; ti{fBePri@nitQ 2BBhY4BYigns use a release

mechanism which operates in response to right-hand
(clockwise) torque applied to the work string, or are
otherwise incapable of transmitting substantial torque from
15 the work string to the liner. These designs do not allow
the liner to be used as a drill string, and do not allow
right-hand torque to be used in some circumstances to free a

stuck liner.

It will, therefore, be appreciated that improvements
20 are needed in the art of expandable liner hanger running
tools and associated methods of installing expandable liner
hangers. These improvements can include improvements to
operational efficiency, convenience of assembly and

operation, improved functionality, etc. not discussed above.

25

SUMMARY

In carrying out the principles of the present
invention, a running tool and associated methods are
30 provided which solve at least one problem in the art. One

example is described below in which the running tool uses



5 predeterm ned | eft-hand torque to the running tool, wthout the
conpressive force causing the running tool to release fromthe |iner
hanger. In one aspect, a nethod of releasing a |iner hanger
running tool froma liner hanger is provided. The nmethod 10 i ncl udes
the steps of: applying left-hand torque to the running tool; and then
rel easing the running tool fromthe liner hanger by applying a
tensile force to the running tool. In another aspect, a nethod of

setting a hbRELnlaROesyd: 1 |H12SakBe, 5! £PSar CRANRKIAGqI N || ner
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through the runping, j o0l Hasm#ql transmtted by threads of the
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tool.

In another aspect, a method of setting a liner hanger
15 includes the steps of: conveying the liner hanger into a
wellbore using a running tool; applying a compressive force
to the running tool; then applying left-hand torque to the
running tool; and then applying a tensile force to the

running tool.

20 In yet another aspect, a running tool for conveying and
setting a liner hanger in a subterranean well is provided.
The running tool includes threaded connections between end
connections at opposite ends of the running tool. The
threaded connections connect multiple components of the

25 running tool to each other. Torque transmitted through the
running tool is not transmitted by threads of the threaded

connections.

In a further aspect, a running tool for conveying and
setting a liner hanger in a subterranean well includes
30 various subassemblies capable of setting the liner hanger in
response to left-hand torque applied to the running tool

followed by increased pressure applied to the running tool.



5In a still further aspect, a running tool for conveying and setting
a liner hanger in a subterranean well includes subassenblies capable
of releasing the running tool fromthe |iner hanger in response to
application of alternating tensile and conpressive forces to the
running tool after 10 application of left-hand torque to the running
t ool . These and ot her features, advantages, benefits and

obj ects of the present invention will becone apparent to one of
ordinary skill slBalOEnB{fediNOR GRRLUL £9PSLHETS! | AN Qhnd! RELIPEALL C
description of representative enbodi nents of 15 the 1 nvention
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associ at ed met hods whi ch enbody principles of the present invention;
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be used i nifheocyErhie EieMorBtpARIAR ubbeti el WA 1B ER.E
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has been ClosedThese and other features, advantages, benefits and

objects of the present invention will become apparent to one
of ordinary skill in the art upon careful consideration of
the detailed description of representative embodiments of

15 the invention hereinbelow and the accompanying drawings, in
which similar elements are indicated in the various figures

using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a schematic partially cross-sectional view of
a liner hanger setting system and associated methods which

embody principles of the present invention;

FIGS. 2A-L are cross-sectional views of successive
axial sections of a liner hanger running tool and expandable
25 liner hanger which may be used in the system and method of
FIG. 1, the running tool and liner hanger being illustrated

in a run-in configuration;

FIGS. 3A & B are cross=sectional views of a portion of
the running tool after a compressive force has been applied

30 from a work string to the running tool;



5FI GS. 5A & B are cross-sectional views of a portion of the running
tool after pressure applied to the work string is increased to

thereby initiate expansion of the |Iiner hanger; FIG 6 is a
cross-sectional view of a portion of the 10 running tool illustrating
an alternate setting procedure in the gvent that the flapper valve
does not properly close; FIGS. 7A & B are cross-sectiona

views of portions of the running tool and |liner hanger after pressure

applied to the wpek, 54}('(!‘Qafes cfrB%tshgéc{:ﬂ&ﬁgﬁS\%v;@ dsher %Bx;%a%' the

15 Ii ner hanger; is a cross-sectional view of portions
of the r unﬁhﬁgrv@mn%ﬁd)qlu ri’ér tﬂﬂ@ng@ncéﬂswnc@ﬁm esgiepd ihgr epehatidreen
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rel ease of e running t romthe 20 expan 1 ner hanger

FIG 9 is al@sgés sectional view of portions of the running tool and
l'iner hanger in a configuration simlar to that of FIG 8, but wth

use of an increBE@d. | Fhdt B tar@baépsse@@ma@m@l oriawse afj ﬁepohahg@rOf

25FI G 10 |
Lfie rﬁﬁaxfslt?ef(%i?]e runm wsgtl éﬁ 15 of, the LuRRi Qgr%\x}%g

and |iner hanger too n pi cked up sone

by appl yi ngst en@r%sefcbr@s tfharmbn/henmmtgtexp@swrt leé thenilhgerool ;
FIG 11 is LPss- sectional view of portions of the 30 running tooI
and |iner anger after the runnlng tool has been picked up further by

the work stringprg: d is a crossh g‘ec%%oh 1avfév95<§f e?o'r@l@h yieew, of

portions of the running t0ol and i ner anger as t running tool is
bei ng ¥t r revadng reeei ihiustred ingnen abheperatar|s@dtingApeogedure in

cross-sect pguabyyh ven A B H13R8ef valve does not properly close;

FIGS. 7A & B are cross-sectional views of portions of
the running tool and liner hanger after pressure applied to
the work string is further increased to thereby expand the

15 1liner hanger;

FIG. 8 is a cross-sectional view of portions of the
running tool and liner hanger after compressive force has
been applied from the work string to the running tool to
thereby initiate release of the running tool from the

20 expanded liner hanger;

FIG. 9 is a cross-sectional view of portions of the
running tool and liner hanger in a configuration similar to
that of FIG. 8, but with use of an increased length tieback

receptacle on the liner hanger;

25 FIG. 10 is a cross-sectional view of portions of the
running tool and liner hanger after the running tool has
been picked up somewhat by applying tensile force from the

work string to the running tool;

FIG. 11 is a cross-sectional view of portions of the
30 running tool and liner hanger after the running tool has

been picked up further by the work string;



5 the running tool and |iner hanger in an alternative setting
procedure; FIG 14 is a cross-sectional view of a portion of the
running tool in the alternative setting procedure after pressure has
been applied to the work string to initiate 10 expansion of the |iner
hanger ; FIGS. 15A-C are cross-seciional views of portions of
the running tool and |iner hanger in a contingency rel ease procedure,
and after a conpressive force has been applied fromthe work string

to the running ?9?' lﬁngs%5%f%ssL§eb%18n§§h@ﬂ@$'6f SMEURRNakE the

"unroll ed- view o gortlon of the running tool epi cting various
posi tions &bnpigy Fedhtdnd kimer éﬂa@gemnar'ehealﬁmnmma@qlu ag baing

correspondkggr¥?5é8u§r&mqﬁﬁgﬁye% %flngglﬂgngéfltlng and rel easing
the running too 20 DETAI LED DESCRI PTI ON is to be

understood thatpihg, Vf‘éA%Jsafem&‘}%'s%e%ét%néfevPéﬁ%ﬁ #o'}‘é‘i% OBf

described herein may be utilized in various orientatio suc

i nclined, itheeruedingsterk iatshtldineryépnpesl inear, almatnveaﬁebusng
conflguratbgggedﬁ%ghout departing fromthe pr|n0|ples of the present
i nvention. “The enbodi ments are described nerely as exanpl es of useful

applications of pgge piiNeiplaQl e bAYEN1aR. oWH g&fﬁoﬂ%ﬂ tRsted

to any specific details of these 30 enbodi nments.
fol | owi ng d8spingt todl oin tthe radiegsanisei yetting Procedure after

pressure has been applied to the work string to initiate

10 expansion of the liner hanger;

FIGS. 15A-C are cross-sectional views of portions of
the running tool and liner hanger in a contingency release
procedure, and after a compressive force has been applied

from the work string to the running tool; and

15 FIG. 16 is a schematic elevational “unrolled” view of a
portion of the running tool, depicting various positions of
lugs relative to a slot mandrel and torque ring in
corresponding various procedures of running, setting and

releasing the running tool.
20
DETAILED DESCRIPTION

It is to be understood that the various embodiments of
the present invention described herein may be utilized in
various orientations, such as inclined, inverted,

25 horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present
invention. The embodiments are described merely as examples
of useful applications of the principles of the invention,
which is not limited to any specific details of these

30 embodiments.



enbodi nents of the invention, directional ternms, such as "above",
"bel ow', "upper", "lower", etc., are used for convenience in
referring to the acconpanying drawings. In 5 general, "above",
"upper", "upward" and simlar terns refer to a direction toward the
earth's surface along a wellbore, and_ "pelow', "lower", "downward"
and simlar ternms refer to a direction away fromthe earth's surface
along the wellbore. 10Representatively illustrated in FIG 1 is a

liner hanger sethipge syst st %@,c@a§@§bﬂt &8 Rl had, Mhiceh .erbady

principles of the present iInvention his system'10, a casing
string 12 kakogémantasehl thal igwenddmint ddrefthomla tedmsposechgas|t is

nOM/deS|redabgvénstaﬁélnglnq{ Q"15ugé&g @i n gutwgﬁpl %rgﬁka | ower
we

end of the casing string 12, order to urt 1ine the bore 14
at great er cgapehgence in meernm ‘toi mhehascerpmn}flrtmtdr@mrlnghe t 8nns

"1 i ner” s andoneagh 0% fg e ks et dthar chiangeahl Vake HSRATLDE dLylul gt o20
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an |nstallat|on procedure, and may be segnented or contTnuous

not necessarﬂltectzenaaWaymﬁrqw td@siengthos bsuckmentadnian thewel | bor e.
Any type of ?EP§£ or casing may be used in keeping with the
principles o e present invention. As depicted in FIG 1, an

expandapl e |1 neg pagger 48 jor 15ad 0,568k ARCkAecY 6D yper end of

the liner 16 near™a e casing string
Al t er nat i vélepgerheetthey dwaiper 108 avdubdsbeiased nmerhwshlwharnd smbGdE

the upper g@anEP&QS éf”@ﬁedég%a Qe 13, WhDAON. (NBY 1K %W%%JS%H P

f or med a si of the casing strin
| i ner casing strlng 12 has been installed and cemented within a

wellbore 14. It is now desired to install a liner 16

15 extending outwardly from a lower end of the casing string
12, in order to further line the wellbore 14 at greater
depths.

Note that, in this specification, the terms “liner” and

“casing” are used interchangeably to describe tubular

20 materials which are used to form protective linings in
wellbores. Liners and casings may be made from any material
(such as metals, plastics, composites, etc.), may be
expanded or unexpanded as part of an installation procedure,
and may be segmented or continuous. It is not necessary for

25 a liner or casing to be cemented in a wellbore. Any type of
liner or casing may be used in keeping with the p:inciples

of the present invention.

As depicted in FIG. 1, an expandable liner hanger 18 is

used to seal and secure an upper end of the liner 16 near a
30 lower end of the casing string 12. Alternatively, the liner
hanger 18 could be used to seal and secure the upper end of

the liner 16 above a window (not shown in FIG. 1) formed



extendi ng outwardly through the window into a branch or |ateral
wel | bore. Thus, it will be appreciated that many different
configurdtions and relative positions of the 5 casing string 12 and
liner 16 are possible in keeping with the principles of the
invention. A running tool 20 is connectgd between the |iner hanger 18
and a work string 22. The work string 22 is used to convey the

runni ng tool 20, liner hanger 18 and liner 16 10 into the well bore
14, conduct pf-hyif 9r§§§éw§uary:k fehp@w, ag&ﬂasgthﬁ&rfwemtt@ln%hleelilﬂgr
conpressive force, etc. The running tool is used to facilitate

conveyancee&ﬁénﬁhgga@ﬂ%ﬁéﬁﬁﬂxﬁthﬂqgghlﬁbﬁ W@n@ﬂ@ intrera haegen 28, in
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hanger 18, |ined rennerg. Yol &rilsy coranpted betwea ctélevérlin@tcyh@hger

fi t t t
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fromthe principfes o e 1nventi
installation of the liner 16 and liner hanger 18, in part by

using the torque, tensile and compressive forces, fluid

15 pressure and flow, etc. delivered by the work string 22.

At this point, it should be specifically understood
that the principles of the invention are not to be limited
in any way to the details of the system 10 and associated
methods described herein. Instead, it should be clearly

20 understood that the system 10, methods, and particular
elements thereof (such as the running tool 20, liner hanger
18, liner 16, etc.) are only examples of a wide variety of
configurations, alternatives, etc. which may incorporate the

principles of the invention.

25 Referring additionally now to FIGS. 2A-L, detailed
cross-sectional views of successive axial portions of the
liner hanger 18 and running tool 20 are representatively
illustrated. FIGS. 2A-L depict a specific configuration of
one embodiment of the liner hanger 18 and running tool 20,

30 but many other configurations and embodiments are possible

without departing from the principles of the invention.



- 10 - The |iner hanger 18 and running tool 20 are shown in
FIGS. 2A-L in the configuration in which they are conveyed into the
wel | bore 14. The work string 22 is attached to the running tool 20 at
an upper threaded connection 24, and the 5 liner 16 is attached to
the liner hanger 18 at a | ower threadeggconnection 26 when the
overall assenbly is conveyed into the well bore 14. The running
tool 20 is nade up of several subassenblies, including an upper

adapt er subasse Y7 5 j d , val ve
sl eeve nmandr el gﬁ a%%%ﬁ%ﬁ&uggﬁi%ﬁegﬁgpgﬁhggggﬁgﬁﬁgggzgggnﬁﬁgga8§£
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relative to the rest o runni ng tool 20. The slots 48a, b may be

of the type kno t |§kill d:i.n t 'J-slots, " since
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The upper adapter 34 connects the running tool 20 to the
15 work string 22.

The lug body 38 is made up on the bottom of the upper
adapter 34 and contains internal lugs 46 which support the
weight of the running tool 20, liner hanger 18, and the
liner 16. The internal lugs 46 are assembled in

20 longitudinal slots 48a, b in a slot mandrel 50 and locate
the upper adapter subassembly 28 in different positions
relative to the rest of the running tool 20. The slots 48a,
b may be of the type known to those skilled in the art as

“J-slots,” since they may have a generally J-shaped profile.

25 The locking dogs sleeve 40 is made up on the bottom of
the lug body 38. Screws 52 are made up through holes in the
lug body 38 and into threaded holes in the locking dogs
sleeve 40, aligning holes through the lug body and locking
dogs sleeve. Alignment of the lug body lugs 46 with slots

30 48 in the slot mandrel 50 align these holes through the lug
body and locking dogs sleeve and other holes 54 in the lower

end of the locking dogs sleeve 40 with shear pin holes 56 in



the torque ring 62 and piston mandrel 64. This allows access to shear
pins 58 after the running tool 20 is assenbled so shear pins can be
added or renoved w thout disassenbling the running tool. 5The | ocking
dogs 42 are assenbl ed agai nst the | ower end of the | ocking dogs

sl eeve 40. The | ocking dogs retainer _44;is nmade up to the [ower end
of the | ocking dogs sleeve 40 over the |ocking dogs 42. The piston
mandr el subassenbly 30 is located in the 10 upper adapter subassenbly

28. It CO”%hétﬁoP&uéhﬁu§PQQ %&d gthoﬂaﬁgﬁ&%efx%4tQﬁHH@ alh B@s62ccess
pi ston mandrel 64, release piston 68, valve release sl eeve

70, and ca§072he¢heplsms>t58rmafd:reeq the, ragnieat tevre® sy @ssenbledased
In the |ugghady §§% Fagh g iRida oh:ugeﬁgvé@a‘%{]tq?cl&’cg él%%séﬁbﬁn%%he

positioned In on two sets of longitudin ots 48a, b on
sl ot mandr shnBOng Theolwo sets of slots 48a, b (one | og and one

short), are connected to each other at the |ower end of the slot
mandr el 550 so t Bee| legkysy cmysnddeateonsdembled agninsd ot lower e

the |ugs 4@fa£ﬁe'ﬂoélbfn B%gts shakSe?8p, LPRY G n%&:%ﬂ}%’%o%@v‘@égaﬁ?ﬁé‘r 44

engage an external sho 74 at the upper e he "short sl ots.
In this podbtingde @hetd uge J@M@a‘nebéapfa’ghﬁi nkecking sioges séeevhed@hort

sl ots 48a, ansf er1iag; | ef and 25 right-hand torque fromthe
| ug body 3 %o t g + ﬁic%}elqu Ri ght - hand torque can al so be

transferred frog, éhﬁlé’&&’l% 38 tsgbggﬁelﬁlg?}; RN gloc%%,e%aiﬂsfcﬂ | ugs

46 are at the | ower end of e short slots 48a. are
in thel ongrekitt adaABer tWS@@mbsa ABve Irpvm@sm Q‘-fodﬂhéeshegaﬁ‘hst

the lover efdeChahdfePhar GOMlChihy FRAS HA-AN ddmntnngy, epd1 0l 4 he
sl ot mandr el e upper en of t ot s 48b have & pocke
- 12 - lock 66, piston 68, valve release sleeve 70, and cap 72. The
slot mandrel 50, as mentioned above, is located in the lug
body 38. Each internal lug 46 in the lug body 38 is
15 positioned in one of two sets of longitudinal slots 48a, b

on the slot mandrel 50.

The two sets of slots 48a, b (one log and one short),
are connected to each other at the lower end of the slot
mandrel 50 so the lugs 46 can move from one set to the next.

20 When the lugs 46 are in the short slots 48a, they can move
upward and engage an external shoulder 74 at the upper end

of the short slots.

In this position, the lugs 46 can bear against the
sides of the short slots 48a, transferring left-hand and
25 right-hand torque from the lug body 38 to the slot mandrel
50. Right-hand torque can also be transferred from the lug
body 38 to the slot mandrel 50 when the lugs 46 are at the

lower end of the short slots 48a.

When the lugs 46 are in the long slots 48b, they can
30 move upward and shoulder against the lower end of the shoe
60 which is made up on the upper end of the slot mandrel 50.

The upper end of the long slots 48b have a pocket 76



machi ned at one side into which the lugs 46 can be rotated (see FIG
16). Left-hand and right-hand torque can be transferred from
the lug body 38 to the slot mandrel 50 when the lugs 46 are 5 at the
upper end of the long slots 48b. The lugs 46 can shoul der against the
| ower side of the pockets 76, allowi ng;bhe lugs to push down on the
sl ot mandrel 50. The torque ring 62 is assenbled on the | ower
end of the slot mandrel 50 and is held in place wth shear pins 78

(not 10 vi zr{ap:h?néa EH &nedBii £4 klGy %gﬁ)t thuéé)répé“'%arn' RQ §8ECE%§?UQS

| ongi t udi n ots 80 In its upper en I ned”so that when

46 are at t(keel BREr emd- of the short slots 48a, left-hand torque is
transferred fromthe lug body 38 to the torque ring, the shear pins
78, and the sl otefhntierd 501 righd-heng tordhe chedre gingasig8ripedweeom

the torquetﬁbnguﬁ Qﬁg Wﬁﬁgrﬁ't5ﬂaﬁﬁFeFoﬁo %%e EG Iggs ﬁg
wWll remain int S ots 48a ugs are an of
| oner ehd ot the vhper @ncbtosf 482 dodgendogh 48H¢ - Wamjltu@Sqéé csn

applied to he.shear | ugs ot a
align mjthsﬁﬁgﬁﬁo£ g%%o ts i%%piO%%r E?ﬁe 898%%%q%§§5§%|7g4 %EQ%% ed
on the IoméheehdgaftQhﬁusﬂ(ﬂownaw@réhe5elottmamdxeﬂ:ﬁﬁ: of external

grooves 84 forned thereon. The rel ease lock 66 is assenbled in the

grooves 84 and Tbehb¢tH¢¢1qﬂnﬁx§amishasﬁembb@@img1dug§029rrendinérthd.
The pi st 0”§§§t' RaHBES ! a{}hé Ne hewar g”ﬂlr%éet‘bﬁrp's%% g‘iﬂ%r ¢h gli‘}%%

and is hel Face wit ear pins | ower en e pi
68 hol 48 aVﬁBapberlnaFD% g8 opee FIG. 13B). Pre ecdmusalriopsé? hasl

seal 88 at #B?%él:ﬁ&@ﬁaf@l@{f tdae 130 JEISSEBBeP oS RTINS Blat when

interior o prston man
the lugs 46 are at the lower end of the short slots 48a,

left-hand torque is transferred from the lug body 38 to the

torque ring, the shear pins 78, and the slot mandrel 50.

15 As long as the shear pins 78 between the torque ring 62
and slot mandrel 50 are not sheared, the lugs 46 will remain
in the short slots 48a. If the lugs 46 are moved to the
lower end of the short slots 48a and enough left-hand torque
is applied to shear the shear pins 78, the lugs can be

20 rotated to align with the long slots 48b.

The piston mandrel 64 is made up on the lower end of
the slot mandrel 50. It has a set of external grooves 84
formed thereon. The release lock 66 is assembled in the
grooves 84 and is held in place with the locking dogs

25 retainer 44.

The piston 68 is made up in the lower end of the piston
mandrel 64 and is held in place with shear pins 58. The

lower end of the piston 68 holds a flapper valve 86 open.

An external upset and seal 88 at the lower end of the

30 piston 68 seals against an interior of the piston mandrel



- 13 - 64. There is also an internal upset at the |lower end which
provides a seat 90 for a ball. Above the external upset and
seal 88 are fluid ports 92. Above the fluid ports 92 is a snaller
external upset and 5 seal 93 which seals against a smaller IDin the
pi ston mandrel 64. The val ve rel ggse sleeve 70 is nmade up in

t he upper end of the piston 68 and extends through the slot mandrel
50, shoe 60, and baffle 36. The cap 72 is nmade up on the upper 10 end

of the valyg.retgase Sl 68D T internalEp¥d V& HREVSWERNEARE! which
subassenbl y 32 i's nade up on the lower end of the piston mandrel 64.

It consist®revidee ya3eat A%edpr pakalét 94, flapper valve 86, valve
seat 96, val ve sleeve 98, crossover body 100, crossover sleeve 102,

15 adj usting sl Beeee Toe ext@rordsspser %@@ys¢ﬁ%eﬁ%uﬂfeléQUi¢hE0¥F%pper

val ve 86 i §rasgesbl ech Ot G LRI §§a£s9§ gméfhé%lEﬁ%eéﬂgth§§é€
spring 108. The valve seat 96 is nade up on the upper end of

val ve s} ee9eadg93 THeleisaals agpdngs ﬁssm®%¥ﬁﬁeiplhﬁ tthe Géﬁéﬁnend of
the 20 val ygn§leeve, mandrel 94 and is held in place with shear pins
110. It has external seals 112 that seal off flow ports 114 through

the val ve sl eevengapdipl Redde ahaaybBag) i OwmpN Ly Jﬂ@th@%gﬁé? end

aligned with the flow ports 114 in the val ve sl eeve mandrel

the val ve Sfethe BB &M f&5% adelweraeads 2tirreugh odwoediothsapdred $e.

assenbl ed QRcEheo ex1&d s le BRE YRLVELS! £EVE MR &lp B4 tht hBS
set of radial fluid ports 118, a set of radial shear pin access %oles

120, ah@¥ aeBvét Oﬁftlll%ri‘gi]t\mﬁrﬁd-leaﬁleuﬁéieﬁﬁﬂ%0 122.

The valve sleeve mandrel subassembly 32 is made up on
the lower end of the piston mandrel 64. It consists of the
valve sleeve mandrel 94, flapper valve 86, valve seat 96,
valve sleeve 98, crossover body 100, crossover sleeve 102,

15 adjusting sleeve 104, and crossover body retainer 106.

The flapper valve 86 is assembled on the valve seat 96
with a pin and torsion spring 108. The valve seat 96 is

made up on the upper end of the valve sleeve 98.

The valve sleeve 98 is inserted in the upper end of the
20 valve sleeve mandrel 94 and is held in place with shear pins
110. It has external seals 112 that seal off flow ports 114
through the valve sleeve mandrel 94. It also has flow ports

116 that are aligned with the flow ports 114 in the valve

sleeve mandrel 94 when the valve sleeve 98 shifts downward.

25 The crossover body 100 is assembled on the exterior of
the valve sleeve mandrel 94. It has a set of radial fluid
ports 118, a set of radial shear pin access holes 120, and a

set of longitudinal fluid ports 122.

The longitudinal fluid ports 122 allow pressure to
30 Dbypass around the flapper valve 86 when it is closed and act

on the force multiplier 124 and expansion cone 126. The



The longitudinal fluid ports 122 allow pressure to 30 bypass around
the flapper valve 86 when it is closed and act on the force

mul tiplier 124 and expansion cone 126. The - 14 - radial fluid ports
118 allow fluid displaced by the force nmultiplier 124 and expansi on
cone 126 to flow to the exterior of thegurunning tool 20. The radial
shear pin access holes 120 all ow access to the shear pins 110 hol di ng
5 the valve sleeve 98 in the valve sleeve mandrel 94 after the

running togl,43Q;i §1&§§?§1@}@9 &3 %*1%%57 Eh.ﬂ§dc<§f' pf‘a@&ﬁi hel ‘i‘g?t‘@d
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runni ngs t 094,620, 550D 1Yk | NIEE 18e0COMIAILIL Y SBPSLRY

cone 126 is assenbled tightly agai nst I her hanger.
crossover §N99w691©Q01520nnﬁ3aﬁsambleﬁesgppbeaenwhmﬁ aeve ber eddederr

body 100 LerBiR4| o8, CONENIBI0NBAS R AL QUMY el 0sed 11 apper

val ve 86 for 'urd used to expan | i'ner "The upper end

of the crossovernsl efyes 3l GpNuldehsra9gk el ik [ eASEnbopk: 68

on the piston nan rque plns I nst t hroug
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transmtting torque t T hr ea readed connecti ons
The adjustlng sleeve 104 is made up on the lower end of

the crossover body 100. It is used to adjust for tolerances
in the running tool 20 assembly and liner hanger 18,
ensuring the expansion cone 126 is assembled tightly against

15 the liner hanger.

The crossover sleeve 102 is made up on the upper end of
the crossover body 100. It provides a concentric bypass
around the closed flapper valve 86 for fluid used to expand
the liner hanger 18. The upper end of the crossover sleeve

20 102 shoulders against the release lock 66 on the piston

mandrel 64.

Torque pins 128 installed through various components of
the running tool 20 allow left- and right-hand torque to be
applied to the running tool without backing off or

25 transmitting torque through threads of threaded connections
236, 238, 240, 242, 244, 246, 248, 250, 252, 254.

The force multiplier subassembly 124 is made up on the
lower end of the valve sleeve mandrel 94. It consists of the
coupling 138, force multiplier sealing mandrel 140, center

30 coupling 142, piston spacer 144, force multiplier piston

146, and force multiplier cylinder 148.



236, 238, 240, 242, 244, 246, 248, 250, 252, 254. The force

mul tiplier subassenbly 124 is made up on the | ower end of the valve
sl eeve mandrel 94. It consists of the coupling 138, force multiplier
seal ing mandrel 140, center 30 coupling 142, piston spacer 144, force
mul tiplier piston 146, and force nul tipgkier cylinder 148. - 15 - The
coupling 138 connects the valve sleeve mandrel 94 to the force
multiplier sealing mandrel 140. The center coupling 142 is nmade up on

the | ower end O&hghgo&}gjf'ﬁﬁ]wé ic%'rlingﬁtg.e@*x.én@a%@?%l?eervje‘ll%gnhge§e§h_srhe
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end of thempilstiphi¢nesedDiArg aremdrad APt er Entsedlpisstadmsgrea is
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t he expansimudtiphaesubpbsutdy \i4B50ndi peptasagyindte anmewierabr of the
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ip to the BOE SRPOFiPht M Festor g h e | PAREAP nénkfy, RaT
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which expansion pressure acts. This creates a downward
force which pushes the lower end of the force multiplier
15 cylinder 148 against the expansion cone subassembly 150,
increasing the amount of expansion force available. Radial
ports 152 at the lower end of the force multiplier sealing
mandrel 140 allow fluid displaced by the downward movement
of the force multiplier piston 146 and cylinder 148 to exit
20 into the interior of the force multiplier sealing mandrel

140 and then upward and out the radial fluid ports 118 in

the crossover body 100.

A sealing mandrel subassembly 154 is made up to the
bottom of the center coupling 142. It consists of the
25 sealing mandrel 156, port sealing sleeve 158, and lower

coupling 160.

The port sealing sleeve 158 is connected to the sealing
mandrel 156 with shear pins 162 and covers radial ports 216
through the sealing mandrel. The lower coupling 160 is made
30 up on the lower end of the sealing mandrel 156.

The expansion cone subassembly 150 is made up on the

sealing mandrel 156 and consists of the expansion mandrel



The port sealing sleeve 158 is connected to the sealing mandrel 156
wi th shear pins 162 and covers radial ports 216 through the sealing
mandrel . The | ower coupling 160 is nmade 30 up on the | ower end of the
seal i ng mandrel 156. The expansi on cone subassenbly 150 is nade
up on the sealing mandrel 156 and consigts of the expansion mandr el

- 16 - 166, expansion cone 126, expansion shoe 168, retainer cap 170,
W pers 172, bushings 174, and seals 176. The expansi on cone 126 is
made up on e j mpdrels 1 : i4n pl Wit.h e
expansi on %ﬁgé §§€%@$i§me reté%gérg%ggﬂg%%§i%ﬁﬁgdgﬁhpr%%%%ﬁggl8%€r
end of thel@Rpavspens naitir dlushd@gsnd7fet anfisseakeal76176, seal backups
178, and bushing 174. Another bushing 174 and wi per 172 are held in
pl ace at the uppee exphrnFiatheomepdrdsi oA Madelrad ABE-he xpsasistr ews

180. 10The,Gahlet yapdrgl sthassenyl 1&@% dtvﬁiéﬁg%ﬁ lé@cp%'ﬁsét@ﬁ ls%gr end

of the lower coupling 160 and consists o et "mandr el
extension 1848, | Bhki rgtalowy caraildér 1$88adé oekiony theyd oveg, endl det s

136, and | 1 o] . retai a he
col | et nang?glg%ggﬁégééﬁﬁg Eeéh%ggnéPge%E?%%%géﬁéﬂ%g?ﬁ%%ft%g%?IIed
sl ots 134 bethipsny78 hearsbtbushingl @#s 1BGother buieingolll7ét andndipér

upset 194 Aear frEare Eqo dPlack B oRk i hEr O R PPl b R

upset 194 near ower ongi I'ned on
t he upper enddoel2D6é hwsthupssdt st@4ws 180.The extension 184 is nade up
on the lower end of the collet mandrel 132. The extension 184 extends
beyondl® he | oweFThencoblet manshtetli sybskeemel 19632 A scaddentiponal the per

plug device L, CENRNLE Nthd! I ULE81 KA MIe #Sa D coraR RIsUBs the
collet mandrel 132, extension 184, locking dogs retainer

186, locking dogs 188, collets 136, and load transfer sleeve

190. A collet retainer 130 and the collet mandrel 132 have

15 been combined into one part with milled slots 134 retaining

the set of collets 136.

The collet mandrel 132 has an external shoulder 192
near its upper end and an external upset 194 near its lower
end. Longitudinal slots 134 are machined on the upper end of

20 this upset 194.

The extension 184 is made up on the lower end of the
collet mandrel 132. The extension 184 extends beyond the
lower end of the setting sleeve 196. A conventional wiper
plug device or cementing plug device known as an “SSR plug

25 set” may be made up on the lower end of the extension 184.

The collets 136 are made up in the longitudinal slots
134 on the collet mandrel 132 and have an enlarged diameter
at their lower ends which are held in internal slots 198 in
the setting sleeve 196 by the collet mandrel 132. This
30 allows left- and right-hand torque to be transmitted between
the collet mandrel 132 and the setting sleeve 196 via the
collets 136 and slots 134, 198.



25 set” may be made up on the |lower end of the extension 184.

The collets 136 are made up in the |longitudinal slots 134 on the
coll et mandrel 132 and have an enl arged dianeter at their | ower ends
which are held in internal slots 198 in the setting sleeve 196 by the
collet mandrel 132. This 30 allows left- and right-hand torque to be
transmtted between the collet mandrel 132 and the setting sl eeve 196
via the collets 136 and slots 134, 198. - 17 - The Iocking
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There are two types of torque pins 128 used in the
running tool 20. The knurled torque pin is knurled on its
OD and threaded on its ID. It is inserted through a slot in
20 one component and driven into a close tolerance hole in the
mating component. The knurl provides an interference fit
between the torque pin and close tolerance hole which holds
the torque pin in place. The internal thread on the torque
pin can be used to attach the torque pin to a drive-in tool,
25 and can be used to remove the torque pin from the close

tolerance hole.

The other type of torque pin is a standard hex cap
screw that has been machined at each end. The hex cap is
machined down to give the head a low profile for clearance

30 with components in the running tool 20. The lower end of the
screw is machined to give a smooth OD against which the

torque load is applied. This torque pin is made up in a



screw is machined to give a snooth OD agai nst which the torque | oad

is applied. This torque pinis made up in a - 18 - threaded hole
with the nmachined | ower end extending into a slot machi ned on the
mat i ng conponent . As descri bed above, the liner hanger 18 is an

expandabl e liner hanger that is run gn;ghe running tool 20, 5 which
inturn is made up on the bottomof the work string 22. The |iner
hanger 18 consists of several conponents connected with threaded

connecti ong; i r xPan .Lper
hanger bod?hE%ga%ﬁbﬁﬁgen1d§|3$E%%g%§%38§e%§?%6a%w%eve ?ggkgnkbg§t%nl
10The ti ebasdktr magehinmed eor20thepmariidgs campeneing surface 204 for

stabbing into and sealing a production string after the Iiner hanger
18 is set. The agpdeskebllked iakmvenanyer Lhody Rogen tthedsexpandabl e

corponent @anga_ﬁtgwliirpéxel‘ﬁa d"engands 208 o0 iy rﬁ‘ﬁ%%i oL o3Yr hgce
for sealing an grippi ng agal nst the interior of the cgélng string
12. 5 Thhisbt ihngush ey anak3s upaont hbei hoetoml of|tdies wbF8 shrihgch
the collets,136 fiqt anpL gt QQ?E
connect thzzfunﬁﬁﬁgi?g% q%%&#%glﬁi%ngggﬁéegff%gh?%g'co gge%gﬁdre
132 under tcheneotbdteiilBotindagied kommient20ns hea i nitaatdl rekcepsatdS.

The bottom e tti 196. ct.L.on,.26 whi ch
connects tﬁgBI%HeFéﬁéH%g%ﬁﬁ%ﬁg%ﬁ¥%éqﬁ?%grBgégggﬁ%%ﬁpgggrg iﬁag
Procedur e middle, and the setting sleeve 196 on bottom.

10 The tieback receptacle 200 provides a sealing surface
204 for stabbing into and sealing a production string after
the liner hanger 18 is set. The expandable liner hanger
body 202 is the expandable component and has multiple
sealing bands 206 on its exterior surface for sealing and

15 gripping against the interior of the casing string 12.

The setting sleeve 196 has the internal slots 198 in

which the collets 136 at the bottom of the running tool 20

engage to connect the running tool to the liner hanger 18.

The collet mandrel 132 under the collets 136 holds them in

20 the internal slots 198. The bottom of the setting sleeve
196 has threaded connection 26 which connects the liner

hanger 18 to the liner 16 below.

Operating Procedure

25 The liner 16 is made up to the bottom of the liner
hanger 18. A conventional SSR plug set (not shown),
consisting of a top plug, or a top and bottom plug, is made
up on the bottom of the extension 184 of the running tool
20, and is inserted in the interior of the liner 16 when the

30 liner is made up to the bottom of the liner hanger 18. The

bottom plug, if used, is released by displacing a ball ahead



25The liner 16 is nade up to the bottomof the |iner hanger 18. A
conventional SSR plug set (not shown), consisting of a top plug, or a
top and bottom plug, is made up on the bottom of the extension 184 of
the running tool 20, and is inserted in the interior of the liner 16
when the 30 liner is made up to the botyom of the [iner hanger 18.
The bottom plug, if used, is released by displacing a ball ahead -
19 - of the cenent during the cenenting operation. The top plug is

rel eased by .d o] darf. i,hd n venti I oatj ng
equi prrent r?o{t Rgh%ﬁ?&t s%?:%]llgfme?%f Ictgglt(zé ngﬁgg, 6%% J&rosp'or q%%t ﬁgkssér{é e
up on the bsttrefeefedhey | dmeppisdl@ derpr behded atlseatenfeort .| andi ng t he

cenenting pl JY ] 1] Lon FI GS. .2A- L _depi
the. runn ngoreeBser R o ST RoRERE oL h Y 1 s P PdSOlb
in the | ugshody 88laae, pusillotdned agdensp dhetlddedtdem £ ahet héner
upper epd Qqf h r |.ats. 48 .the, sl ot mandrel 50 and carry
t he ent?reqﬁe%ghgr§¥§$%eéH%ﬁﬁiﬁ%niggﬁgié? Fﬁ%e?e %ékﬁﬁg P ngngu i nér
16. lcemeht$npospérationxt h | eft-hand and right-hand torque can
be transferred fromthe lug body 38 to the slot mandrel 15 50, by
rotating the | ug3Gase amydl ndgpidie tdiedesnofinghen spositisdmotef 482 i n t he
sl ot mandr This,is,th oSl L1 he runping t.qol .20 shaqul d,be
in at the %@6?%%?n§5§¥ ?%é g%é% éﬁﬁgggﬁtﬁﬁaspgécgﬁdﬁga&Pgt 88 iggr
hanger 18 wrehpbhétioned ddfsisuspandedhohiidéhe7dbodtt arheofupiplee wetl bbre

14. 20Refercring, additional now.to E .. 3A. & B,. £ross-_ _sectional
vViews 0O até)]gr |h8]ﬁgo i?%% 4ré/uannclnnécth[eog’h%Omg?%r?Ep?’éésaenn SOVEl ;’%Re

i Il ustrat eénafirer wvaigbtpsesitiererunoricg haslbzen hppdit dchnfgeamlBheandr k
string 22 to t he %unning tool. Representatively illustrated in FIGS.

A &Bis tﬁ5e§51upper portion of the upper adapter subassenbly 28.
These vi ews depi ¢t r. adapt ubassenpl 8 after it has
& t&£§t$$%§% S d%%t e?%-ﬁaggd%?éiﬁqu$—hand torqggol

noved downward Sone ative to € remain e running
20. The botchanbef tthesbaffdéd f3on $heowughbodgel&dtapregailost mbhdrshoe

60. 305? t%bé B%SLELQQinéiéHE'fH%%d4%°58%$n% ntgg éf&ggﬂ5 r%%g short
slots 48a in the slot mandrel 50. This is the position the
running tool 20 should be in at the beginning of the
standard setting procedure of the liner hanger 18 with the

liner 16 suspended off the bottom of the wellbore 14.

20 Referring additionally now to FIGS. 3A & B, cross-
sectional views of a portion of the running tool 20 are
representatively illustrated after a compressive force has

been applied from the work string 22 to the running tool.

Representatively illustrated in FIGS. 3A & B is the
25 upper portion of the upper adapter subassembly 28. These
views depict the upper adapter subassembly 28 after it has
moved downward somewhat relative to the remainder of the
running tool 20. The bottom of the baffle 36 is now

shouldered up against the shoe 60.

30 In this position, right-hand torque can be transferred
from the lug body 38 to the slot mandrel 50, with the lugs

46 bearing against the sides of the short slots 48a in the



fromthe lug body 38 to the slot mandrel 50, with the lugs 46 bearing
agai nst the sides of the short slots 48a in the - 20 - slot mandrel.
However, |eft-hand torque rotates the lugs 46 against the sides of
slots 80 at the upper end of the torque ring 62, which is held in

pl ace on the slot mandrel 50 with shear,pins 78. The anmount of

| eft-hand torque that can be 5 applied w thout shearing the shear
pins 78 and rotating the torque ring 62 (thereby allowi ng the |ug
body 38 to ti e th ) d n
strength afiOhnEntfef: (e te e n R SRR S A0S e
runni ng toagaZGsshbuédBiiesrDﬂlﬂh9t$0800atiQM¢aupRHr(thFb@SthéAtél@ués
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descri bed bhbem1pnnsdh84rﬁbatumqunmtDﬁgéafy—hamdxhnxqmeo¢éereanobas

descrl bgd BBbotea IENSL: T3 RO ASIPISLIA S A3 WLAL0RG tne

running to Femains operati even sub
conpreSS|v@osqbedommgvﬁﬂgﬂuhenebappﬂﬂedlhgouher&ﬂthddysﬂﬁlMQ 2atdvet he
liner 16 vi f he I ner has_beep. run
and is susp%n%pgv o%ﬁ&PrFﬁ Emé % %ﬁﬁ%ﬁ?renggh and

di spl aced hhmbaghoﬁOshé&r\mmﬂs stisicadlaad, runnlng tooI 20, and SSR
plug set. The SSR plugs are released with a dart and/or ball and
di spl aced to thehé¢|oaty colnearther rehoéngRebel r2gstaddid benahl yhasw t o

FIGS. 4 ecti e f _a.portion of .the running.too
b0t {0 oeRERara e Of Hagl SR R poi S kD hfin il bRl 9 h 08
fl apper vallée 8Beofindme Iauaatn@ntboktbms deeing|tdsealtareate

representatlveg ukélkgtrateg Eh @ g depi ct the6%03| bgn gf a
portion of PFRESFERRI FY TTOI G2 Af e F CL&RBRE A d 1RP "ig&®have
been described below, or during the contingency release procedure
to as described below. However, FIGS. 3A & B demonstrate
15 that the running tool 20 remains operational, even though
substantial compressive set-down weight is applied from the

work string 22 to the liner 16 via the running tool.

After the liner 16 has been run and is suspended off
the bottom of the wellbore 14, cement is displaced through
20 the work string 22, running tool 20, and SSR plug set. The
SSR plugs are released with a dart and/or ball and displaced

to the float collar or shoe.

Referring additionally now to FIGS. 4A-C, cross-
sectional views of a portion of the running tool 20 at the
25 conclusion of the cementing operation, and after the flapper
valve 86 of the running tool has been closed, are

representatively illustrated.

FIGS. 4A-C depict the position of a portion of the
running tool 20 after cement and the SSR plugs have been
30 displaced through the tool string. The plugs have landed on

the float collar or shoe, and pressure has been applied to



30 displaced through the tool string. The plugs have | anded on the
float collar or shoe, and pressure has been applied to - 21 - the
work string 22 to act on the differential area on the piston 68.

This pressure applied to the piston 68 causes the shear pins 58 to
shear, permitting the piston to shift ypward, and 5 allow ng the

fl apper valve 86 to close. At this poifnt, the pressure is equal above
and bel ow the flapper valve 86. The work string 22 pressure is then

relieved agﬂ\éewgpﬁl %%gﬂ?cﬁrZy%ov%c%G oﬂnghghg #éalp&%{la\ial %}aoegn*?he

nonentarily tore e excess pressure erring

addi ti onal lpgstow 68. FI GS. 5A & B, cross- sectional views of a portion
of the running tool 20 are representatively illustrated after
pressure applie@his phessworek appliieg 22 theagasion rfift easeest thehehedy
initiate e Si f i : r . t

posi tion o?’gggebgl fér%psélrl&‘\e/ra'l %?%Qgﬁg@vtfigepége%%%%ﬁlﬁtte g’g}ggéuge
appl i ed5t o aflhewiwgktlke rf ap2 atedwe Bhetdl appee. valtveh86 pasnbeehhe
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pi ns 110, Bh trng e flTapper va ve an eeve
downwar d. &olrbwetrieng % pﬂ&asuﬁevassaa9n9ﬁelsevmﬂwaﬁunﬂ d@eedlapper

agai nst an %RQSrggzgnﬁf pé% $hegue, nandre mentarillys

crossover ports perm trng conmuni atron ge?meen
t he runninghboekeé@srpmessureehaiowxuenror and allowing fluid

di spl aced during 25 expansion of the liner hanger 18 to flow to the
annulu$00utsideReﬁerrimgﬂaﬁﬁﬂtﬂdnally nowabeFIGmg Hddi tB,oeabkg-now t 0

FIG 0. 2 GCasscRsptional i eviol.d ROGE OR ofy i d unngel 9oL 20 1

representatively i %®d,° eprctrng an alternate setti
procedure maptheeﬂﬂaEMWE&ytﬂtﬁusﬂnatbuapﬁEervptassdﬁb(aygiladttprbperly

cl ose. Horﬁ'%%rlnge n%%rat%_ H%%t gsgglLo Q@ Q%QIQ%l%rogged to
t he seat S an a er natrve se
expansion of the liner hanger 18.

15 FIGS. 5A & B shows the position of the flapper valve 86
and valve sleeve 98 after pressure applied to the work
string 22 above the flapper valve 86 has been increased, the
pressure acting on the flapper valve, shearing shear pins
110, and shifting the flapper valve and valve sleeve 98

20 downward. A lower end of the valve seat 96 is now
shouldered up against an upper end of the valve sleeve
mandrel 94. This opens crossover ports 114, 116, 118,
permitting fluid communication between the running tool 20
interior and exterior, and allowing fluid displaced during

25 expansion of the liner hanger 18 to flow to the annulus

outside the running tool.

Referring additionally now to FIG. 6, a cross-sectional
view of a portion of the running tool 20 is representatively
illustrated, depicting an alternate setting procedure in the

30 event that the flapper valve 86 does not properly close.

FIG. 6 demonstrates that a ball 208 can be dropped to

the seat 90 in the piston 68 as an alternative setting



- 22 - procedure, in the event that the flapper val ve 86 does not

cl ose. Pressure may then be applied to shift the piston 68 downward
agai nst a shoulder 210 in the valve seat 96 as indicated by the arrow
212. In this manner, a biasing force 5 is applied fromthe piston 68
to the valve sleeve 98 to shear the shgar_pins 110 and shift the

val ve sl eeve downward to open crossover ports 114, 116, 118.

This alternative setting procedure nay be used if there is no

di cat S | |
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enough to preyen bal |, ,208 .from fal |in Q the S§ 0
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porti ons obhthe thensimgpit qoins?2( 1&ndndi skifhatigervalfeas@eeve downward

representaklvel¥?|lIustrated aftelgﬁre§ggre applied to the work
ér

string 22 S 8 h%?osﬁ%?%%§e§ eby expand the |iner hanger.

FIGS, TA & B depel g AOHAN 0L, LR A0l 001 30,0 expaadaRle,
e as peen

| i ner hanger pressure ap trlng
i ncreased sathCanddqti@nexbam@ SBE ﬁ5ugsnkanmmngen1mmedfnuhﬁg t he

expansj on 126 d mnmardly Qu he, i ner,.hanger. The pr ur e
in the1¢nt§§?§? 0 % & Work J’[rlh gﬁrk Strl rﬁ%: gsuﬁrogah ﬁaglal

ports 92 i hhehpiptet 068 6 vandl raaldu alelpasestﬁaéﬁlapgehe vpilstoA6 maasir el
o4 o ISk LI 11 0! e CEsRBIEL: e Sl%d® HIASHERS o6,
interior Othehelad;usangq;'QHEeueliﬁér 16.2Bhis alternative procedure
is also preferably performed with the running tool 20 in a
15 portion of the wellbore 14 that is not deviated enough to
prevent the ball 208 from falling to the seat 90.

Referring additionally now to FIGS. 7A & B, cross-
sectional views of portions of the running tool 20 and liner
hanger 18 are representatively illustrated after pressure

20 applied to the work string 22 is further increased to

thereby expand the liner hanger.

FIGS. 7A & B depict a portion of the running tool 20
and expandable liner hanger 18 after pressure applied to the
work string 22 has been increased sufficiently to expand the

25 liner hanger by driving the expansion cone 126 downwardly
through the liner hanger. The pressure in the interior of
the work string 22 is communicated through radial ports 92
in the piston 68 and radial ports 214 in the piston mandrel
64, through the interior of the crossover sleeve 102,

30 through longitudinal ports 122 formed in the crossover body

100, and down the interior of the adjusting sleeve 104.



At this point, the pressure can act on the differential area of the
force nultiplier subassenbly 124 and increase the expansion force on
t he expansi on cone subassenbly 150. Note that it is not necessary for
the running tool 20 to 5 have a force nmultiplier, since in sone

ci rcunstances the avail abl e expansi on pLgessure nay be great enough
and/or the force required for expansion may be | ow enough that the
force multiplier is not needed. Pressure al so goes down the annul ar

space between t . exterior of e force nultiplier. cylinder 148
and the interi o?go%g)]f%é) e aé-‘%er éggﬁfgﬁ?ec%oacatgdma&hs 8ﬁ@?ﬁ5entlal
expansi on eone sfibdlssefdroe biul.tipheecexpabsssemiplesiAdr endovesrehse
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string 12. NBxpatsabnitad inuteshedrbishryhfoexplasn stwomiconeoslbasseabl y

150 cont acts_the Port sqg:Ln .Sl eeve_158. and pushes ittoff radj al
ports 216 t'AY5udn THe® & 'ﬁ%ﬁ}ﬁ%ﬁndPéPcﬁ5%9 § T76EC PRECP oY end
of the expanaidabrenexpdthsitmssesblyelhfyt bengreate nackhs antifer reitk al

ts 216. _Ex i on, d t_thi int (d | uj d
Cormunt cai FORCRet WRL A herdm C2PPaPLan PHE P51 Le IRIE FoRtsEAFi ng
mandr el 14@oand mhetipliesd drs abtt heeleder hanger body 202 via the

ports 216 and radial ports 218 in the 25 expansi on nandrel 166),
gi ving a surfaceresshoatdleo tdoals tibenl theralanger skides bbtlvkgn the

1 bos- Lot PBREFLOT cbf (1M pAEt G ubE  PRECT Uty M Pod 2207 8ntPi ner

hanger 18 aneerepresenitad indelbackl restpabete afd@®ramebrprtesshvehéor ce

has 30 b lled f t tripg 22 to the running tool t
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hanger 18. moves the expansion cone subassembly 150 downward through
the liner hanger body 202, expanding it outward against the

15 interior of the casing string 12.

Expansion continues until the expansion cone
subassembly 150 contacts the port sealing sleeve 158 and
pushes it off radial ports 216 through the sealing mandrel
156. Seal 176 at the lower end of the expansion cone

20 subassembly 150 then moves across the radial ports 216.
Expansion pressure drops at this point (due to fluid
communication between the interior of the force multiplier
sealing mandrel 140 and the interior of the liner hanger
body 202 via the ports 216 and radial ports 218 in the

25 expansion mandrel 166), giving a surface indication that the

liner hanger 18 is fully expanded.

Referring additionally now to FIG. 8, a cross-sectional
view of portions of the running tool 20 and liner hanger 18
are representatively illustrated after compressive force has
30 Dbeen applied from the work string 22 to the running tool to
thereby initiate release of the running tool from the

expanded liner hanger 18.



- 24 - FIG 8 depicts a portion of the running tool 20 after

wei ght has been set down on the expanded |iner hanger 18 (by sl acking
off on the work string 22). This noves the collet mandrel 132 out
frombeneath the collets 136 (i.e., the 5 collets are no | onger
outwardly supported by the external upsgt_194 on the collet retainer
130), thereby permtting release of the collets fromthe internal
slots 198 in the setting sleeve 196. Locking dogs 188 are now above

t he shoul der 19 n th ol et I, 2 her eby pr.eventi.n t he
collets 136 fro%%gga§n§ F%§§5h wggﬁﬁb égpﬁgét%ﬁpé%%énﬁgogokpegf%gr
retai ner 13@ight hasReéen réety dadth onothkl yxpandéd Hr@er hanger 18 (by
Cross-secti .vie f _portiaqns.,of the r ing.,.tool 20 and |lin
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15 to that mohdEeG 182 duwt fwdnh heseadh &hei ocikatsediiendt.le.t,i eback
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e Funfi nGo0asEo20mE rantone Siersaly, shorbr tRt it i ArEkhafger
ti eback receptacles260 tlse usedett retadpast LBQ) sl eevebi0pecanthengO
configured sq that Lts outer dianeter can.be inserted c | et e
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g;gtend of the:hpad transfer sleeve 190 and the bottom
end of the®f t FAR_RTT stteve shoul dering against the top of 30 the
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view of portions of the running tool 20 and liner hanger 18
are representatively illustrated in a configuration similar
15 to that of FIG. 8, but with use of an increased length

tieback receptacle 200 on the liner hanger.

FIG. 9 depicts a portion of the running tool 20 in an
alternative set down position. If a longer tieback
receptacle 200 is used, the adjusting sleeve 104 can be

20 configured so that its outer diameter can be inserted
completely within the upper portion of the tieback
receptacle (see FIG. 2D). This permits the longer tieback
receptacle 200 to extend over the upper part of the running
tool 20.

25 When setting down the running tool 20 to release the
collets 136 from the setting sleeve 196, downward movement
is limited by the lower coupling 160 shouldering against the
top end of the load transfer sleeve 190 and the bottom end
of the load transfer sleeve shouldering against the top of

30 the upset end of the collets. Note that in this

configuration the locking dogs 188 are again positioned



- 25 - above the shoulder 192 to thereby prevent the collets 136 from
agai n being supported by the collet retainer 130. Ref erring
additionally nowto FIG 10, a cross-sectional view of portions of

the running tool 20 and liner 5 hanger 18 are representatively
illustrated after the running tool has,been picked up somewhat by
applying tensile force fromthe work sgring 22 to the running tool.
FIG 10 depicts a portion of the running tool 20 after the running

tool h 1Q I
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136 are free to be pulled out of the internal slots 198 in

the setting sleeve 196.

In the event that the locking dogs 188 don’t engage the
15 shoulder 192, the running tool 20 can be rotated slightly
before moving upward. This will misalign the collets 136
with the slots 134 on the collet mandrel 132. Upward
movement of the running tool 20 will then cause a shoulder
220 on the collet mandrel 132 to push the collets 136 out of
20 the internal slots 198 in the setting sleeve 196.

Referring additionally now to FIG. 11, a cross-
sectional view of portions of the running tool 20 and liner
hanger 18 are representatively illustrated after the running

tool has been picked up further by the work string 22.

25 FIG. 11 depicts a portion of the running tool 20 after
further upward displacement has caused the center coupling
142 to contact the force multiplier piston 146. Still
further upward displacement of the running tool 20 will
cause the force multiplier subassembly 124 to displace

30 upward as well.



Referring additionally nowto FIG 12, a cross-sectional view of
portions of the running tool 20 and |iner hanger 18 are
representatively illustrated as the running tool is being retrieved
fromwithin the liner hanger. 5FIG 12 depicts a portion of the
running tool 20 after continued upward,di spl acement of the running
tool has caused the | ower coupling 160 to contact the expansion cone
subassenbl y 150. hbte that an upper end of the | ower coupling 160

shoul ders agai ngg t ajne 0 p .17 th
further upward g Mﬁeﬁ%ﬂq?'ﬁﬁlqguhﬁ%nggt%% 2@? fhg expanS|on
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expanded liner hanger 18, and the entire running tool will

be retrieved from the well.
15

Alternative Setting and Contingency Operation and Release

Procedures

During normal running in of the liner 16, liner hanger
18 and running tool 20 suspended from the work string 22,

20 the running tool and liner hanger will be in the
configuration shown in FIGS. 2A-L. The internal lugs 46 in
the lug body 38 will be positioned against the upper ends of
the short slots 48a on the slot mandrel 50 and will carry
the entire weight of the running tool 20, liner hanger 18

25 and liner 16.

In this position, both left-hand and right-hand torque
can be transferred from the lug body 38 to the slot mandrel
50, with the lugs 46 bearing against the sides of the short
slots 48a in the slot mandrel 50. This is the position the
30 running tool 20 should be in at the beginning of the

standard setting procedure to expand the liner hanger 18,



However, if the liner 16 contacts the bottom of the wellbore 14, or
if the liner becones stuck in the wellbore, 5 conpressive force can
be transmtted fromthe work string 22 to the running tool 20 via the
upper adapter subassenbly 28. The upper adapter subassenbly 28 will
nmove down relative to the piston nanQr§5 subassenbly 30 as depicted
in FIGS. 3A & B, with the bottomof thé baffle 36 shoul deri ng agai nst
the 10 shoe 60. In this position, right-hand torque can be
transferred.fromf he. d 8.t.o the_s] ot drel Wi § he

| Uge 46 bedli PR hgar Mt HE eRlrtBr' PRe°LRs PBLREE oragne W ihbOEr oo
mandrel . Hawever, |eft-hand torque causes the lugs 46 15 to bear

agai nst the sides of slots 80 at the upper end of the torque ring 62,
whi ch is hel d | Hopéweer, anf tthe dlicerniAdcehtddtsvthe SHotdomppAstiE.

The anmount fi-hand tor that _cap be appl.ied d ds_Q he
strength aW%&%hﬁﬁérPgT‘% é%?qgfhglgﬁ? @ﬁ%%mig ?Hggiésfiﬁgnge?%%aﬁ%'is
great ehougbmpoeshitae fdwereslvear bei nsad8nithed | figsm 4he abakestning 22

they are akgggﬁd mﬁth.thq:lqp%_slots 48b_in the,slot ma drelngQy 8.

The runni ng t6oF 207 8H6UI'd e an%ﬁighﬁogPP?wa?%ﬁﬁﬁﬁ'%gpﬁﬁﬁan
| ef t - hand Taequppandaddieass rpkalseesbégr 2pi sl SHowrkb datwan rbégi hne ngo

the procedute to either:. 1) nechanically.rel ease the fl.ap val ve
or 2} omer S0k pFEPRATIEL ARRRRGTPOBI 2 ot SR S eRer PhanGE! 18 & To
be in thisBposithothe thetdomerf thewbbffbe 3€tsiovulderimot bgaiagtt tiee
mellb0£$ 14 or EQUCK in atight spot in the wellbore. - 28 - hanger
18 are YepP8SEnPhtively illustrated in an alternative setting
procedure. FIGS. 13A-C depict a portion of the running tool 20 after
Phe upper adapt 8P LUbadtontiy s Tnat tSIBSL terTlS Babnes B0t Lrvar d
until the lfugs 4becbuy deddya I0Ower terdsbdtthendhwie B0 atithhehappegs end
of the long_s|lots.48b. Thi war d .nove of. the upper ,adapte
Subassen] § 28055 ATHIAE (HGL e PnaF GHMR G (O ABR g abhs 42
di spl ace abave manéxéker nalowshet,daef22Rand tdegqys dasasmuteelugd, 4@)
the 15 to bear against the sides of slots 80 at the upper end of

the torque ring 62, which is held in place on the slot

mandrel 50 with shear pins 78.

The amount of left-hand torque that can be applied
depends on the strength and number of shear pins 78. When
20 the left-hand torque is great enough to shear the shear pins
78, the lugs 46 rotate until they are aligned with the long
slots 48b in the slot mandrel 50.

The running tool 20 should be in this position (after
applying left-hand torque and shearing the shear pins 78)
25 when beginning the procedure to either: 1) mechanically
release the flapper valve, or 2) emergency release the
running tool from the liner hanger 18. To be in this
position, the liner 16 will be set on the bottom of the

wellbore 14 or stuck in a tight spot in the wellbore.

30 Referring additionally now to FIGS. 13A-C, cross-

sectional views of portions of the running tool 20 and liner



10 | ocki ng dogs retainer 44 displaces upward and rel eases the rel ease
| ock 66 at the upper end of the crossover sleeve 102, and 3) the
baffle 36 contacts the cap 72 and pulls the piston 68 upward, thereby
rel easing the flapper valve 86. At this point, right-hand (cl ockw se
as viewed fromthe 15 surface) torque Egn_be applied to rotate the

l ugs 46 into pockets 76 at the top end of the long slots 48b. This
gives the lugs 46 a shoul der to push down agai nst when rel easing the

orat 61 ni S PRS pERRIS TAPTHe RALEAL e b o P8 AR e REbat e

ext ernal sketkdeg RPocedurdre pi ston nmandrel 64 to push down agai nst
when releasing the running tool 20 fromthe |liner hanger 18. If it is
desired to set FheS)ih#-halegeictld, poheibnnef U6 munried itbbéd26ff of

t he bottom h e t r i t ool is_1n
t ensi on foﬁg%ﬁ% g%%ﬁ%é?%%i%pgﬁﬁgi%ﬁ?gggg&gl%&%%H#¥£§R§ﬁ§%§98§g¥I§e%%m1
to Fl G 514mosedropgasdcintaiialthe éwgef 48 pontaon afldwesr endnbfigtheol

20 in the rpative, .setti raocedu i p entatively.30
iIIustrate%kégtgg %Fég%%féﬂﬁgégﬁgeﬁgaég?i£%£$o£ﬁ%%pﬁ§%? S %%ﬁgu5§a¥%
initiate expspseoh of the dppeer adapyer d8basse@y 28 does sBV&rald

depicts a portion of the running.tool 20 . illustratj.ng.the ppsition
of "the 11 apparsda e bR I ToooTasbiresafs o edare BRP et o
the work sexitegn2l sibhovkldhe 22 appehevaliyeohasaidesl iedagr easede The

pressuig 5§§%Liﬁ§e$§5$hm3%¥933 %Qe tlaggersvahye Qg%Ce%rsathe ear
pi ns 110, f e éﬁﬁér vgﬂ§8 Ra° VETNARS %) & §§ G6@nWAT d.
Thi s opensrelessevisciposd satlthe Lpperléddactl {es Mrcssoverdsleeve
communi cat 30, ERHCER e At 9f 20 SEETLRL &fp A° LB, gl
piston 68 upward, thereby releasing the flapper valve 86.
At this point, right-hand (clockwise as viewed from the
15 surface) torque can be applied to rotate the lugs 46 into
pockets 76 at the top end of the long slots 48b. This gives
the lugs 46 a shoulder to push down against when releasing
the running tool 20 from the liner hanger 18. If the lugs
46 do not rotate into the pockets 76, the locking dogs 42
20 will contact the external shoulder 222 on the piston mandrel
64 to push down against when releasing the running tool 20

from the liner hanger 18.

If it is desired to set the liner hanger 18, the liner
16 may be lifted off of the bottom of the wellbore 14 to
25 ensure the running tool 20 is in tension for the expansion

operation.

Referring additionally now to FIG. 14, a cross-
sectional view of a portion of the running tool 20 in the
alternative setting procedure is representatively

30 illustrated after pressure has been applied to the work

string 22 to initiate expansion of the liner hanger 18.



10 during expansion of the liner hanger 18 to flow to the annul us
out si de the running tool. The setting procedure fromthis point
on, including retrieval of the running tool 20, is the sane as the
standard setting procedure descri bed above and 15 representatively

illustrated in FIGS. 8-12. Referppng additionally now to FIGS.
15A-C, cross-sectional views of portionS of the running tool 20 and
|l i ner hanger 18 are repr esent ati vely illustrated in a contingency

rel ease pr ocedu gzc?%pl% ggycggﬁl ye El% %ﬁ%%gtél%fé%g?gappl i ed

fromthe worksrlng nnln t ool .
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g i 51197 t8
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pi ston nmangdieb 540 coatﬂchcﬂﬂﬂﬁ%tﬂzppéﬂappelro&alm ardbssdver shodye 19®.

30 As depigted in. Fl the rel ease | ock 66 ut f t he
ot ornal oPBE0EePEs i oRens SRORERIFE PRt 16 MBser 1 anenSt 1 he
crossover gbemyES 10Puid -co&&xunlcatloﬁhbetwmsmom Jsitmxierlaad
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remai n1&t aﬁu@ﬂagyeﬁlsartAFUE)rreﬂi t(hia U_Iﬂﬁetunﬁln@@rtrﬂjlto?(‘fljosr oV ete
downwar d 5. depic noves the coll et mandrel

d
132 out erH{’BéH%a?#%ahdeé r]%_ﬁ é:tuémi§g IC féasi ng the coI lets fromthe
I h I 196. 8 'l et
manar el Sabassohbt y ﬁ%fz]’-ef}e%ﬁa%ogﬁswrﬁh£rgﬂﬁh‘%rpﬁ Koo HBobaRieY ©

mandr el 132etﬂ]e3a100brtﬂ\eerﬂmnnhg cobller s, 186 ﬁH&)maa@alaB baeng
outwardly s ret.ai ner 0., The runni ng tool 20

S oow beSPBRARE e%e*fy%%?ﬁeﬁcr?#eﬁufﬁedﬁﬁﬁﬁb% ARGVE 755 descr i bed

above.15 representatively illustrated in FIGS. 8-12.

Referring additionally now to FIGS. 15A-C, cross-
sectional views of portions of the running tool 20 and liner
hanger 18 are representatively illustrated in a contingency
release procedure, and after a compressive force has been

20 applied from the work string 22 to the running tool.

FIGS. 15A-C depict portions of the running tool 20 and
liner hanger 18 after compressive force has been applied to
the upper adapter subassembly 28 by slacking off on the work
string 22. This procedure is performed in order to release

25 the running tool 20 from the liner hanger 18 after left-hand
torque has been applied to shear the shear pins 78 as

described above.

As depicted in FIG. 15B, the lower end of the piston

mandrel 64 contacts the upper end of the crossover body 100.
30 As depicted in FIG. 15A, the release lock 66 is pushed out
of the external grooves 84 on the piston mandrel 64 by the

upper end of the crossover sleeve 102.



Referring additionally nowto FIG 16, a schematic 15 el evati ona
"unrol |l ed" view of a portion of the running tool 20 is
representatively illustrated, depicting various positions of the |ugs
46 relative to the slot mandrel 50 and torque ring 62 in
correspondi ng various procedures of Lugpipg, setting and rel easing
the running tool described 20 above. Ditfferent positions of the |ugs
46 are designated as 46a-e in FIG 16. In the run-in

configuration o I - t l.u 46 i Sid] 46 i cted
T E G 16, 1n ER R, THaavel A7 gloSa el R, B og BepEEHEN
48a and suppeetet hed 25fawiggmtulafipflherr enbasskanblof 124e expanafgoboodbne
20, 1iner nangel dBanddingls 18ue, nantlien COMMEsSle fopge. i 2o
applied to the runnl%g dol % as *ShownoT n A EHPsieh®ad %y

sl acki ng otheonesteoforiie stunmigrg22owilt ROt he ot dfmiwatrtionedsout in
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as depi ct edrbm BéfRatllf.thds dadngtas 1B6ft rdbeasing Ihe codngtie from the
(count er-cbjockwi e as_Vvi e d fr mtheﬁggrface) sufficient to shear

the shear pi-AST7821¢hot® \fﬁﬁq &d “EJct funning tool 20 while the

|l ugs are in posjition 46 a nunb of lications of tensjle
conpressi ve for%%cgrjarilg 551%065 %;SI iléld%%?oﬁ??ggt wor K st isrlllg affe{‘l%i¥hgé19
runni ng toabckt beeebyhe egfeatleidiry 1d2sphathaged el wgsmddelbéeBdeenTh he

positipns 46a, b as | ndicated doubl e- headed arrow 226 .in FIG 16),
Bt houtD caBePiERH o e O aiPe haeu PEOE o PRy DA HhOUERENS ¢ ool
10Lef t - handuppogtied applihed dod liche retiahnag 10! 2Zhemrivnihing sabli 20 ent
to shear the shearb(gi ns, 78 ce#sfes thethUﬁst% 0 di Inace ﬁg gosi tion
46c as depF&PelBOV PRI LSV orhitE et FRERCE POt Wt En P g plt Acefent of
the | ug 46descrndédadimsirdby arrow 228 in FIG 16. In this position of
the lugs 46 15 (the lugs 46 being aligned with the |Iong slots 48hb),
the running tooRefértingarfdigliicad1igr nbhetal IBE nate, setschegatic
procedjire, 9L, Lhe,SONt) NASNGL 4215238 RT QOEIM fiun Bk 15RCLLREENEPOS
20 is representatively illustrated, depicting various
positions of the lugs 46 relative to the slot mandrel 50 and
torque ring 62 in corresponding various procedures of
running, setting and releasing the running tool described
20 above. Different positions of the lugs 46 are designated as

46a-e in FIG. 16.

In the run-in configuration of FIGS. 2A-L, the lugs 46
are in position 46a depicted in FIG. 16. In this position
46a, the lugs 46 are in the short slots 48a and support the

25 weight of the remainder of the running tool 20, liner hanger

18 and liner 16.

When compressive force is applied to the running tool
20 as shown in FIGS. 3A-C (such as by slacking off on the
work string 22 with the liner 16 bottomed out in the
30 wellbore 14, or stuck in the wellbore), the lugs 46 will
displace to position 46b and enter the slots 80 on the

torque ring 62 as depicted in FIG. 16. As long as left-hand



Tensile force applied fromthe work string 22 to the 20 runni ng tool
20 next causes the lugs 46 to displace upward in the |long slots 48b
(as indicated by arrow 230) to position 46d as depicted in FIG 16,
thereby initiating the alternate |liner hanger 18 setting procedure.
This configuration of the running tool ;20_is also illustrated in 25
FI GS. 13A-C. To performthe contingency running tool 20 rel ease
procedure, right-hand torque is applied fromthe work string 22 to

the runnin b hspl.ace .t S it.0 kets 76
as indicathE§§£a3§@ﬁﬁ&%%§‘%?ﬁ%ﬁ%ig%lg? P%eéggt%ﬁgnégﬁ i%ﬁﬁiggggn,

conpr essi veuffdiceentantmovhdre dye isbeafr pims he8 wos knat dppd i22 to the
running to o] -~ 32 - r i |, fro he_| .| ner
hanger 18,ggg%ggécF§§£§ﬁ§§gVéé %Pecggsﬁo&?gefgd%%§€?§¥ég%%ﬁaPh%he
above- descnubedrr afinapgl tadlicdi® afdtassoteaded oethods iyreofiodee maay

benefits 5.,to_the.art_of anding lLiner ngers. For _examl t he
operati%n 8F 9%8?%$%§%§Fn5gﬁ3ecg' gﬁg ﬁgsg?heofﬁ%%ffrﬁhé@?Qfglto be
expanded i ntredirabel yepddterdlgentsplagingstbadluds Wb thatyefear thhe

operating ball. 208 to fall to.the seat. 90. .1t also allows ope ion
o “the runBRGEESEP 56 e DIRaaEY BY pdotnfedtesad Aa g are 8
wel | bores wWherelthe wpehatt rgpdzding 288eatghdr notensgacte tseetseagt 090.
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operating BaFI T28BMY 019 "addition, the Ieft-hand torque
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is sufficient to shear the shear pins 78 causes the lugs 46
to displace to position 46c as depicted in FIG. 16. This
left-hand rotational displacement of the lug 46 is indicated
by arrow 228 in FIG. 16. In this position of the lugs 46

15 (the lugs 46 being aligned with the long slots 48b), the

running tool 20 is configured for the alternate setting
procedure, or the contingency release procedure, as

described above.

Tensile force applied from the work string 22 to the
20 running tool 20 next causes the lugs 46 to displace upward
in the long slots 48b (as indicated by arrow 230) to
position 46d as depicted in FIG. 16, thereby initiating the
alternate liner hanger 18 setting procedure. This
configuration of the running tool 20 is also illustrated in
25 FIGS. 13A-C.

To perform the contingency running tool 20 release
procedure, right-hand torque is applied from the work string
22 to the running tool to thereby displace the lugs 46 into

the pockets 76 as indicated by arrow 232 in FIG. 16. In

30 this configuration, compressive force can now be applied

from the work string 22 to the running tool 20 to release



15 renovi ng the shear pin operated set down wei ght emergency rel ease
mechani sms of prior running tool designs. Instead, the running tool
20 may be rel eased by applying set down weight only after |eft-hand
torque has been applied to shear the shear pins 78. 20Use of the
torque pins 128 permits both right-hand,and |eft-hand torque to be
transmtted through the running tool 20. Torque is transmtted

t hrough the running tool 20 via the torque pins 128 w thout the

20, 242, 235, FBBI N R o s FEBea e
runni ng toebove. It wll, thus, be appreciated that the above

detail ed description and acconpanyi ng drawi ngs provi de several new
and beneficial Fhpravemshtle japprieeiatedothat nere Feper-dgBcrahadng

tool's and %ngqgof&gj(’) {B;%[HH edss%.cqgrtg dmgéh&f%e&%ﬂgiet Fﬁl&%' IBgﬁefits

hanger running t om t he 11 ner hanger can 1 nc e steps
of : appbyi hg kkétahandf ex@@dingoddnert banbers unrfion exeoipleanthehen

rel easing gr%*:@?{;'ncgf taol Efa?; e%h% %b@eé?h@ﬁ&ﬁeéjyth%pﬁ'i%EQgh?n er
tensile force to e runni ng oF. "The re easing step may inc ude
appl yi ng al8otprbgsevpaddad enmedihéelynaf bgr t omhertOirgf timstepgl 9Eng
the 5 tensi) . QI C T, rel I fur r.in d pLyi ng
a second tgﬁgﬁggfg?%et o %%eg%r%&r% i ﬁéﬂogﬁyﬁgaﬁ@r taopg:an%i %Sggh%y'
conpr essi vétf alse. alThewsreddeoch tiioaf efabhy ruehimestacddi2dl Wheouphaced y

expandi hg | portion the lLin nger .18 in.the 1 | | bor
T pr o ot e el ok rge Pl el A e’ PEIAHRPEE i e Rrt e e cPi e
expandi ng 20&8pmirgit i mot udsdmdaheasienty pPesstine flindder walkesB6i ogn 22

used to convey-.the.runni nd tagl. 20 and | iner hanger, .18 in
tor T bore S RECEneREa I Ak LA%oE} Q08 bF "Ehe MARSEL i1h WAID 208, i on

cone 126) 15 to i spkack W LN 1482 _RQLL' L8r Qe Lt i8N 020 Lase
procedure eliminates the possibility of premature release by
15 removing the shear pin operated set down weight emergency
release mechanisms of prior running tool designs. Instead,
the running tool 20 may be released by applying set down
weight only after left-hand torque has been applied to shear

the shear pins 78.

20 Use of the torque pins 128 permits both right-hand and
left-hand torque to be transmitted through the running tool
20. Torque is transmitted through the running tool 20 via
the torque pins 128 without the torque being transmitted
through the threaded connections 236, 238, 240, 242, 244,

25 246, 248, 250, 252, 254 between components of the running
tool.

It will, thus, be appreciated that the above detailed
description and accompanying drawings provide several new
and beneficial improvements in the art of liner hanger

30 running tools and methods. For example, a method of
releasing the liner hanger running tool 20 from the liner

hanger 18 can include the steps of: applying left-hand



The | eft-hand torque applying step may include transmtting the
torque through the running tool 20 wi thout the torque being
transmtted by threads of any threaded connections 236, 238, 240,
242, 244, 246, 248, 250, 252, 254 20 between end connections 24, 26
of the running tool. Al so descrihed_above is a nethod of
setting the |iner hanger 18, which nethod includes the steps of:
conveying the liner hanger into the well bore 14 using the running

tool 20; a i.ng ive.force r i.nhg toaql: ;
appl vi ng | SPEaRanst; EPECERRBI SRR ahe Sy HEIRARAL Ure RRIAS
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fromthe l%@%%sgggggﬁ gﬁ% work string 22 used to convey the running
tool 20 and liner hanger 18 into the wellbore 14, thereby
biasing an expansion device (e.g., the expansion cone 126)

15 to displace within the portion of the liner hanger.

The left-hand torque applying step may include
transmitting the torque through the running tool 20 without
the torque being transmitted by threads of any threaded
connections 236, 238, 240, 242, 244, 246, 248, 250, 252, 254

20 between end connections 24, 26 of the running tool.

Also described above is a method of setting the liner
hanger 18, which method includes the steps of: conveying the
liner hanger into the wellbore 14 using the running tool 20;
applying a compressive force to the running tool; then

25 applying left-hand torque to the running tool; and then

applying a tensile force to the running tool.

The method may further include the step of, after the
tensile force applying step, applying increased pressure in
the work string 22 attached to the running tool 20. The

30 increased pressure applying step may include driving the

expansion device (e.g., expansion cone 126) through at least



The running tool 20 is described above for conveying 15 and setting
the Iiner hanger 18 in a subterranean well. The running tool 20 can
i ncl ude threaded connections between end connections 24, 26 at
opposite ends of the running tool, with the threaded connections
connecting nultiple conponents of the gunning tool to each other.
Torque transmtted 20 through the running tool 20 is not transmtted
by threads of the threaded connections 236, 238, 240, 242, 244, 246,
248, 250, t: ape e kr 1 4.td L,Ge

of the thr ea eﬁggé%nﬁt%}gégélg%gvgﬁgéggré%s%lgg%%%? t \ré(&qlgetg%/ g%?&
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The running tool 20 is described above for conveying

15 and setting the liner hanger 18 in a subterranean well. The
running tool 20 can include threaded connections between end
connections 24, 26 at opposite ends of the running tool,
with the threaded connections connecting multiple components
of the running tool to each other. Torque transmitted

20 through the running tool 20 is not transmitted by threads of
the threaded connections 236, 238, 240, 242, 244, 246, 248,
250, 252, 254.

At least one torque transmitting device at each of the
threaded connections prevents transmission of torque by
25 threads of the threaded connections. For example, the
torque transmitting device may include one or more torque
pins 128 received in each of the components at a respective

threaded connection.

The torque transmitted through the running tool 20 may
30 Dbe right-hand or left-hand torque. Right-hand torque is
directed in a clockwise direction as viewed from above the

running tool 20. Left-hand torque is directed in a counter-



15 tool, or alternatively in response to increased pressure applied
to the running tool w thout prior left-hand torque being applied to
the running tool. The subassenblies 28, 30, 32 may include an upper
adapt er subassenbly, a piston mandrel subassenbly, and a val ve sl eeve
mandrel subassenmbly. 20The upper adaptgg subassenbly 28 and piston
mandrel subassenbly 30 may permit substantially unlinmted conpressive
force to be applied to the running tool 20 without initiating rel ease

30,35 can raerhise HHARAAR, s delaRaehah angpd s HRIRTILLSE 00
248, 250, 282, 2B4tbesweeiglendaschiectiensolld Sthertwicppopetretents of
the running Eg%' t§g 1}%{ heﬁ Pcﬁlr#] re%agﬁgfl%f’ﬂ&ﬁ&t d%on%g@t '11'4% ~hand

nmul ti pl e conponen to eac ue nay
be transm ttbeduehwvoulbh ¢¢henwmaarq;eta©b 20 Mm®$mnnoﬂxunagrewamsﬁt%ted

by thre dshg dtgﬁgégégadgp n%%&IE torgu% transmltégﬂ d%gglng tool

20 may Dbe réel easa fom the I er ange In Tesponse to

appl i cati on of ahberaatifg SEnsie agdBorBI eSSl I 458 Lanhe

runni ng tool er applTtcation of le e runni ng

tool. 5In aangeroma imereapnnSQJtmo&hezmetaﬁham®Itmhqwaﬂampieﬁﬂltestﬁe,
30, 32, 12% ﬁ?gg 34, . 182 capabl e of releasing the running tool from
the Iiner hanger |n response to appllcatlon of alternating tenS|Ie

and conpr essi veTﬁg [EGRnlf e Uiing beoloaltel, annl igathan, gl 10

| eft - hand torque nnin too assenb

124, 150, 13aerl1Bangay b ﬁaﬁﬂdﬂ&y oapabré of releasing the runnlng
tool 20 fromthe |iner hanger 18 in response to application of
conpressive f or 3ése odeser ¥hathiakhpvieodls aheerummiﬁqihnmi Réngervihgs been

expanded. L3GL-COMELPPos 2 PETSHN SKLLLEM LMok N 1 480N Bnger
consli

car ef ul eratron of the dbove scrlp fon o representatlv
enbodinent§8oﬁntheSP@w@mthqnieﬁﬁﬁhmnﬁytapguecaa@kﬁ&duuorhh@yrunnlng

Todi 1 cati 9nsy 391 £ 8%y SHRSU BBSss 0L ehbeNea A LNBLARERGOeS

may be
15 tool, or alternatively in response to increased pressure

applied to the running tool without prior left-hand torque
being applied to the running tool. The subassemblies 28,
30, 32 may include an upper adapter subassembly, a piston

mandrel subassembly, and a valve sleeve mandrel subassembly.

20 The upper adapter subassembly 28 and piston mandrel
subassembly 30 may permit substantially unlimited
compressive force to be applied to the running tool 20
without initiating release of the running tool from the

liner hanger 18.

25 The subassemblies 28, 30, 32 can include threaded
connections 236, 238, 240, 242, 244, 246, 248, 250, 252, 254
between end connections 24, 26 at opposite ends of the
running tool 20, with the threaded connections connecting
multiple components of the running tool to each other.

30 Torque may be transmitted through the running tool 20
without being transmitted by threads of the threaded

connections.



20 these specific enbodi ments, and such changes are within the scope
of the principles of the present invention. Accordingly, the
foregoing detailed descriptionis to be clearly understood as bei ng

given by way of illustration and exanple only, the spirit and scope
of the present invention 25 being |iniggd_solely by the appended
clainms and their equivalents. - 37 - WHAT IS CLAIMED | S: 1. A

nmet hod of releasing a |liner hanger running tool froma |iner hanger,

t he net hod conpgsi s -of - .Sappl yi ts q t he
runni ng tool; aﬁgé P?nﬂ?ﬁ%ﬁ&$§1§§sﬁﬁg ? ey%{ﬁﬁﬁﬁﬁh%g%#g}%%%1?Eggfiner
hanger by &ppougirngdalfiretpansssitioe appléeatbon hef ralmemgtiogl tensile

2. The method ohnGlalflde MRS Al BRer EhAARAOO- S PRAD ULbRCLar on

conprises applying a conpressive force to the’running too

step of appfylaftthend|tstqueensi [thef ynoaing tool3. The net hod of
claim2, wherein the releasing step 15 further conprises applying a
second Pensile foreddibiame thenaunginegotoal t20 care igradmdef appl yi ng

the conpr e%%%‘é@séﬂﬁffes 28, 3 3phe 9Bt hﬁ?g? of £ ,ai1§21’ca§t%ﬁgeéf

conprising the step 20 di‘al’l'y outwardl'y expandi'ng east a
portion th&elppeingabperrinmiagvdiobbofeoprtioe linathedngfetr- Randnt or que

appl yi ng SEggponse to application of alternating tensile and
compressive forces to the running tool after application of
10 left-hand torque to the running tool. The subassemblies 28,
30, 32, 124, 150, 154, 182 may be further capable of
releasing the running tool 20 from the liner hanger 18 in
response to application of compressive force to the running

tool after the liner hanger has been expanded.

15 Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to

20 these specific embodiments, and such changes are within the
scope of the principles of the present invention.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the present invention

25 being limited solely by the appended claims and their

equivalents.



5. The method of claim4, wherein the expanding step 25 further
conprises the step of increasing pressure in a work string used to
convey the running tool and liner hanger into the well bore, thereby
bi asi ng an expansi on device to displace within the portion of the

| i ner hanger. - 38 - 6. The meghod of claim1, wherein the

| eft-hand torque applying step further conprises transmtting the
torque through the running tool without the torque being transmtted
by threads of any threaded connections 5 positioned between end
connections of the running tool. 7. A method of setting a

| i ner hanger, t{gaveidqe. CHEY ifsi:Nng the steps of:
conveying the liner hanger into a wellbore using a 10 runni ng tool;

applying a first, conprgssioe Joredch8ihfear I AhdRRlr ruRgAngPRbYL NY
| eft-hand torque to the running tool; and then applying a first
tensile fof&em 8 {Hee¥ WMIIRF t o1 Method gomppksing ttde iskepéaséd
tool. The nethod of claim7, further conprising the step the first
tensil e>force apPP¥YHRY stefd--hamsl ?Pﬁ@uﬁpggsﬁ?% TYyprelngotecdt r PRY

attached to the runniqg ) ) )
then releasing the running tool from the liner hanger

by applying a first tensile force to the running tool.

2. The method of claim 1, wherein the releasing step
10 further comprises applying a compressive force to the
running tool after the step of applying the first tensile

force.

3. The method of claim 2, wherein the releasing step
15 further comprises applying a second tensile force to the
running tool after the step of applying the compressive

force.

4. The method of claim 1, further comprising the step
20 of radially outwardly expanding at least a portion the liner
hanger in a wellbore prior to the left-hand torque applying

step.

5. The method of claim 4, wherein the expanding step
25 further comprises the step of increasing pressure in a work
string used to convey the running tool and liner hanger into

the wellbore, thereby biasing an expansion device to

displace within the portion of the liner hanger.



9. The method of claim8, wherein the increased pressure applying
step further conprises driving an expansi on device through at |east a
portion of the liner hanger to thereby expand the |iner hanger. 25
10. The method of claim7, wherein the | eft-hand torque applying step
further conprises transmtting the targge_through the running tool

W thout the torque being transmtted by threads of any threaded
connections 30 positioned between end connections of the running

tool. - 39 - ¢ 7id ndiod®iMNedagh &l ajiereid W8l GQRRALSI NY
the step of applying a second conpressive force to the runnlgg t ool
ne

after the fpraiet eplYENg oitp dppityieAgosmepises transmitting)gheThe
met hod of ¢hayfelinrbidt Nefe %H?{ﬂn%; f&ao&hﬁii?ﬁ&ﬁlt Afh ARRIHRI bR i §COond

tensile forceto the running tool after the second conpressive force
appl yi ng st&pnsmptte@repythraasts oft Rayr Ghneaded cpenfacdmonise | i ner

hanger.5 gositlgneé‘ﬁé%wgéﬁ]éﬂaﬂcd%%%cﬁgeﬂgy$ﬁguﬂgqﬂﬁﬁﬁkkngoélLiner
hanger 1n subterranean well, the running tool conprising:

t hreaded connecti ons positioned between end connections at opposite
ends of the running tool, the threaded 15 connections connecting

mul tiple conponents gfpdhe,d WG iagl ot 9igacmather, @Rduhergi n
torque transmtted through the running tool is not transmtted by

t hreads of coReripieadele coreiectdfons. 2014. The running tool of claim
13, wherein at |east one torque transmtting device at each of the

t hr eaded connecFPBﬁ@Yb@%v@ﬁ%sJﬂﬁ&h@ﬁp§§Fohng@ ? HFRPUL WP UFAe84d3 of

the thigadednaeRgeebbons.

applying a first compressive force to the running tool;
then applying left-hand torque to the running tool; and

then applying a first tensile force to the running
tool.

15

8. The method of claim 7, further comprising the step
of, after the first tensile force applying step, applying
increased pressure in a work string attached to the running

tool.
20

9. The method of claim 8, wherein the increased
pressure applying step further comprises driving an
expansion device through at least a portion of the liner

hanger to thereby expand the liner hanger.
25

10. The method of claim 7, wherein the left-hand
torque applying step further comprises transmitting the
torque through the running tool without the torque being
transmitted by threads of any threaded connections

30 positioned between end connections of the running tool.



2515. The running tool of claim 14, wherein the torque transmtting
device conprises at | east one torque pin received in each of the
conponents at a respective threaded connection. - 40 - 16. The
runni ng tool of claim 13, wherein the torque is right-hand torque.

17. The running tool of claim 13, whergyn_the torque 5 is |eft-hand

t or que. 18. The running tool of claim 17, wherein the running
tool releases fromthe |iner hanger in response to the |eft-hand
torque applied to the running tool. 10 19. The running tool of

claim 13, wherein the running tool is operative to expand the |iner

hanger radial | y; put wagd. kgl A tRNY, t PRt LRAPHEKIAG BRY step
setting a liner hanger in a subterranean well, the running’tool

conpri si ngofsabRbEEND| 3 xeaamshlsioBPEPSseve| FRrehed ither THangeg teol
response tgelgltehang; tor g&é%s?ﬁ%' Eﬁgcépﬁféﬁﬁy{wfg%ﬁ ool followed by

i ncreased pressure applied to the runni tool,; 20 and in response to
increased pressure applied to the running tool w thout prior
| eft-hand torque being applied to the running tool. 21. The

running tool of;gl aifneGne iRy %ifnctla@m%l;suwlao%fpﬂi@%gdeh@n
upper adapter subassenbly, a piston nmandrel subassenbly, and a val ve
sl eeve nandéteP sfibaRREMIY @ second tensile force to the running tool

after the second compressive force applying step, to thereby

release the running tool from the liner hanger.
10

13. A running tool for conveying and setting a liner

hanger in a subterranean well, the running tool comprising:

threaded connections positioned between end connections
at opposite ends of the running tool, the threaded
15 connections connecting multiple components of the running

tool to each other; and

wherein torque transmitted through the running tool is

not transmitted by threads of the threaded connections.

20 14. The running tool of claim 13, wherein at least one
torque transmitting device at each of the threaded
connections prevents transmission of torque by threads of

the threaded connections.

25 15. The running tool of claim 14, wherein the torque
transmitting device comprises at least one torque pin
received in each of the components at a respective threaded

connection.



22. The running tool of claim 21, wherein the upper adapter
subassenbly and pi ston mandrel subassenbly permt - 41 -
substantially unlimted conpressive force to be applied to the
running tool without initiating release of the running tool fromthe
| i ner hanger. 523. The running tool qf 46l ai m20, wherein the
subassenbl i es include threaded connections positioned betwen end
connections at opposite ends of the running tool, the threaded

connections confgct i fge MUldd L +&3TPBRERY §i QT 1§ h&HHMNINGKHEORL L e
each other, '"and wherein 10 torque transmtted through the running

tool is notist ragBhikard traus-eads of the threaded connections.

24. The running tool of claim20, wherein the running tool is

rel easable fromthe |iner hanger in response to 15 application of
alternating tensile and conpressive forces to the running tool after
application of Léft-P@dwsridie toelt RE FLaET NS t ddlerein the topgue The
runningstogk obrelRhiy 2&hrqdierein the running 20 tool is capable of
expandi ng the liner hanger radially outward. 26. A running too
for conveying and setting a liner hanger in a subterranean well, the
runni ng tool conprising: 25subassenblies capable of releasing the
running tool freg thend inamikeRNEo1l Bl 8SRONSE7 | QriliinC &hik0PuRhing
alternating tensile and conpressive forces to the runnlng tool after
applicatio%OGi FeteesRh 4Bt fhe tLdPeRenRRART NP tiPonse &9 the left-

hand torque applied to the running tool.

10
19. The running tool of claim 13, wherein the running
tool is operative to expand the liner hanger radially
outward.
15 20. A running tool for conveying and setting a liner

hanger in a subterranean well, the running tool comprising:

subassemblies capable of setting the liner hanger in
response to left-hand torque applied to the running tool
followed by increased pressure applied to the running tool,
20 and in response to increased pressure applied to the running
tool without prior left-hand torque being applied to the

running tool.

21. The running tool of claim 20, wherein the
25 subassemblies include an upper adapter subassembly, a piston

mandrel subassembly, and a valve sleeve mandrel subassembly.

22. The running tool of claim 21, wherein the upper

adapter subassembly and piston mandrel subassembly permit



27. The running tool of claim26, wherein the subassenblies are
further capable of setting the liner hanger in response to |eft-hand
torque applied to the running tool foll owed by increased pressure
applied to the 5 running tool, and in response to increased pressure
applied to the running tool wthout prﬁ?r | eft-hand torque being
applied to the running tool. 28." The running tool of claim 26,
wherein the 10 subassenblies include threaded connections positioned

bet ween end _co negiilns at .op oaite ends _ of ppe ruQniEg tooi %nﬁ
threaded coRRecttons Cortadting niPTPpT e chimpsHa ¢ 0Pt ABPHHFMI Ty
tool to eatheotietinqandbolheriehobutol girei dt ang mdlicadet bfothd tilening
runni ng togg | S.not H{aqgnitt%d bg t hreads of the threaded
connecti on 3% from the liner hanger.

5 23. The running tool of claim 20, wherein the
subassemblies include threaded connections positioned
between end connections at opposite ends of the running
tool, the threaded connections connecting multiple
components of the running tool to each other, “and wherein

10 torque transmitted through the running tool is not

transmitted by threads of the threaded connections.

24. The running tool of claim 20, wherein the running
tool is releasable from the liner hanger in response to
15 application of alternating tensile and compressive forces to
the running tool after application of left-hand torque to

the running tool.

25. The running tool of claim 20, wherein the running
20 tool is capable of expanding the liner hanger radially

outward.

26. A running tool for conveying and setting a liner

hanger in a subterranean well, the running tool compfising:

25 subassemblies capable of releasing the running tool
from the liner hanger in response to application of
alternating tensile and compressive forces to the running
tool after application of left-hand torque to the running
tool.

30



10

15

- 42 -

27. The running tool of claim 26, wherein the
subassemblies are further capable of setting the liner
hanger in response to left-hand torque applied to the
running tool followed by increased pressure applied to the
running tool, and in response to increased pressure applied
to the running tool without prior left-hand torque being

applied to the running tool.

28. The running tool of claim 26, wherein the
subassemblies include threaded connections positioned
between end connections at opposite ends of the running
tool, the threaded connections connecting multiple
components of the running tool to each other, and wherein
torque transmitted through the running tool is not

transmitted by threads of the threaded connections.



