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METHOD FOR DEPLOYI NG A PLURALTTY OF ,TOOLS | NTO A SUBTERRANEAN VELL

.TECHNI CAL FI ELD OF THE | NVENTI ON Thé présent inveption is di \r,\%é(ﬁg ngEl
“general, to subterranean well conpletion, 5 servicing and re h 't nor e

specifically, to a system and nmethod for deploying (and retrieving)

sel ected ones of a plurality of tools into a subterranean well for purposes
of conpletion, servicing or rework. BACKGROUND OF THE | NVE h
nodern oil and gas well| production has progressed to a fine MMM@FW
10 of difficuit problens may still be encountered during well Q)] n,
production, servicing and rework. O necessity, these situati ons*Hiflst be

s, en i Bl e e e AR,

Typical problens requiring correction within a well are: crushedggi ons in
t.he tubi ng, sand bridges or accunul ation of paraffin, scale, rust or other
15 debris. Maintenance procedures that nust al so be acconplished fromthe
surface include the need to set or renove | ock mandrels, collar stops or
safety val ves. Specific, commercially-available tools have been devel oped
for each of these mai ntenance actions or problem sol utions. 26 ~~ ~
2002 -2 Although the actual tools may be very simlar, at |east three
different prior art methods exist for powering the tools in the downhole
envi ronnent . SYISEM ANDAMETHOD PORMEFLOYINGI APEHRAIITYOF dIOGLS vi ng

downhol e problens are: w rﬁHB?& sﬁﬂ’i‘ﬁMNﬁQﬁWELL

TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to subterranean well completion,
5 servicing and rework and, more specifically, to a system and method for deploying (and
retrieving) selected ones of a plurality of tools into a subterranean well for purposes of

completion, servicing or rework.
BACKGROUND OF THE INVENTION

Although modern oil and gas well production has progressed to a fine art, a variety

10  of difficult problems may still be encountered during well completion, production,
servicing and rework. Of necessity, these situations must be remedied from the well
platform. Each well presents a unique challenge depending upon the well type, i.e., oil or

gas, and the action to be taken. Typical problems requiring correction within a well are:
crushed regions in the tubing, sand bridges or accumulation of paraffin, scale, rust or other

15  debris. Maintenance procedures that must also be accomplished from the surface include
the need to set or remove lock mandrels, collar stops or safety valves. Specific,
commercially-available tools have been developed for each of these maintenance actions

or problem solutions.



plunger lift systens. As usual, each of these nethods has both advantages
and 5 di sadvantages. Wreline systens use a variety of tools on t[ﬂ'ﬁs% d of
a wre acting through the flowine or wellbore. Various conbi nad; 200
tools and accessories, e.g. swage, gauge cutter, broach, knuckle joint,
stem jars or accelerator, are assenbled in a linear nmethod creating a tool
string which is used to performthe necessary action. Each tool string is
10 customtailored to performa requirdd function. In wireline, a key part
of the tool string is the stem which is used to overcone stuffing box
packi ng fri cti on Adthougtetht acteal pedsway be vary eotisr, e leaktahiee [diffdnenprionen t he
wel | bore. Wth set. of mechanical. jars bel ow the st t he gonbi.ned

wei ght of ¢ Rt e aP Rodiine DSt SR ot s FIeERgS Bd t hen
rel easi ng t RerWiifk Aidtendi€ oclBRIVIRIdoRMhEIE pEibRstare: IMRLAED PERApALWN MGt | ng on
the stemand 15 jars, creates the force to performthe necessary function
acting thropyingehéfitsystemahi Ashususl, gachopf Hiese matkodsnlaps dfoth Hralvawegessandi ng. |
many caseﬁs, dwpgpa hgstool has successfully perfornmed its function,

addi ti ona jélf1 (W% used to shear a pin to release the tool fromthe work

or new y-instal | airgliaé kystehl3@isd ©0driest dfitogls bf thd@id ofetwirexdagttbroufietheur f ace
wth the wireline. Wreline is nost effective in near,  vertical wells, as

the ef f ect s flomlige avwellporsn Margusgempipations of fqols adAcrasedsies. £08 AVpEQ E248Se wel |
bore depart i:cal Lo £ em t hat
can occur wi%{J ﬁ&?ﬁaé)ta‘ﬂgy Lgc?cﬁ 6’1&6\% ?tee ’ir]ﬁrg%??cﬁfraéagﬁ” %%%%ﬁb%@%ﬁ?é%rﬁeﬁ%ﬁdi ng a

t ool stri ng creatinge tddl strhg which iEhisal th peders thanesessany adidint Eaclatoolrstiing Bnance
action of,  retrievin he randed t.qol .string. .This is usually acconplished
by 11ohi My VHERPEGTRGI RO SLeAHY To5Uab ol PEB sy Peit e DledReaHter & or
the 25 fi shig@k stefh, wihieh igngeam@rcb@@huﬁihgb@gpacﬂdgﬂdﬂmameﬁrkar,sa_b&@fr&how I ne
(TFL) service systens use hydraulic pressure and flow to provide the force

required foroutsidsithenseliheahintodhevelibares Vith 2 tshof mechanigal jar belew thesems ihst em
there are fi [o¥ : : 0 0 i wer. he
surface, (2)C}Sﬁb81|%§l“t%§% ggﬁ@gﬁ}g ? %de&%ﬁ&%”%gﬁg?& t‘%jp ?/\rgzri(&/ﬂ ?g)pgglwgiap @E egti on
menber to preeasthg tikOvieelico rifhe edrebiatios of gravityang abmentd) acing oh tielsteen andndui t t o

carty L working. Ll 8 @0, (ol 00l RALA S, BRLRR iR Agedel
at or near the end of the tool string. In many cases, when the tool has successfully
performed its function, additional jarring is used to shear a pin to release the tool from the
work or newly-installed part. The tool string is then retrieved to the surface with the
wireline. Wireline is most effective in near vertical wells, as the effects of gravity on the
20  tool string diminish rapidly as the well bore departs from the vertical.

The most significant downhole problem that can occur with the use of a wireline
is breaking of the wire, stranding a tool string in the flowline. This necessitates an
additional maintenance action of retrieving the stranded tool string. This is usually
accomplished by fishing with another tool string to acquire either the broken wire or the

25 fishneck of the stranded tool string.

Pumpdown or through-flowline (TFL) service systems use hydraulic pressure and
flow to provide the force required for tool movement and manipulation. In any TFL
service system, there are five basic components: (1) a pump to provide power at the
surface, (2) fluid to convert the pump power to work, (3) a circulation member to provide

30  acomplete circulation path, (4) a suitable conduit to carry the working fluid and (5) a tool

string to perform the needed transport and service



-3z s.a~~ 2002 A TFL service systemrequires a fluid circulation path
froma central service . station into a well, through‘a conmmuni catlon ort,
and then returning to the point of origin. Thi s path may be throﬂdﬁh & UhA02

t ubi ng/ casi ng annul us, dual tubing strings or tubing side string in single
or nmultiple zone conpletions. A hydraulic punp provides the 5 hydraulic
power and fluid flow to nove the tool string through the circulation path
to the desired depth in the well and to-3acconplish work downhole. A
hydraulic manifold is controlled fromthe TFL operator's console at the
surface. The mani fsofgt abdiengysteat re%;tﬁi@esraeﬂ&iﬂ E%]thbH'cs)dthdﬂrérﬁ%tdeﬁﬁalcsgxa'ﬂﬁes
during a service action. Typical TFL service fluids are seawater, dead
crude oi | or st@fiesato £ wedl, thihgh TRommysication pasy aehihen setemisg telthespainteaii

pi ston 10 units that convert th id for ool
mani pul ati on H%R&SB t%ﬂéﬁ TRE Pfahﬁgpsblaé/ka? L@@&I%ﬁﬂﬁ&n&s@ﬁﬁ%%%ﬁm ubsea
conpl eti ons, side rseGig MdNddgler Maltighel dohe dompletionsf fﬁShSMr@ulmpﬁ&x‘fﬁ)pmxdémdfeor deep,
deviated holes where wireline work i s sometinme ossi bl e or, at best

ext remel y 3di thfélletPOWFFﬁ’dyﬂﬂ'éﬁOM’éQ “@dﬁﬂtelt%&‘F“&)Mﬁﬁﬁwtpﬁaﬁthé%ﬁ‘ébI e with

wireline Sefx%%&d%%geg Oans% a déa ughwgas @@ﬁgfkg{gmhﬁ%amﬁpﬁl ts,

j et-erode stubborn ges an conpli ol e mal nt enance
t asks eff ect corgtolled from tger'EEﬂ qﬁatdrr’smtma«ﬂk at the StiFfaces y1§teemmif¢'>ld atléwes fexthended

fluid circul ati on path. whi ch connects to the surface. Thus,
bot h i 1 ol 1 nEFauited B dsgRip. enRB P 2 S BRDY: Dutcat SRR stt o Rogb e

wel | head. Pl s&%ferldeﬁa crﬁyécm%memﬁex THe hFD @dol choﬂﬁm bf‘e@ésto@{ena BddnWi rel i ne
or TFL systens. 20 Plunger lift is used primarily to unload excess fl uids

froma ga§ wenits that copveriibe Buid Boyinie frree torprevidedpolangnipyatipn d4>\Mn110I'ﬁese syst ens
a tubing stop is gf’f ?ﬁrbchﬁ e% léxse;j)%htcmag uwfﬁl%r spg%a g(gnoélg%nﬁlﬁ%ﬁorﬁgl

desired depth, I'ng 1s 1nstal e pIunger
is allowed tdnlﬂerdeﬁomedﬁ'shctre ptah’errmmﬁrr d;qap,l dtgmteﬂ'hxelqsl\uhugemekmwdﬂc iso t he
i nside dianmeter of the fgowl i ngﬁand | unger .

e
The plunger PP FHBRFSIDE oAt DEH %?E@"‘:ﬂ?’ @&g -hﬂr ﬁfoé{PdF%lﬁéeJ“b‘g’la 't he

fluid col umpapdqth® chhdble! ith @ﬁame/&érvrceee qRpMBARE chi SRfugh @xirbife Sathfiace, the
pl unger acts as a swab, renoving ds in the tubing strl ng. Wen the

pl unger nfsederosits, magmefs@bl@m sind bh spﬁl agd agpaenplishousher downbply orintegarnce
:522;2232: gyrsrfﬁspegﬁg yﬁéﬂﬂ lé gt%gtldc'gé‘IW) 39F| qui gy#e%{% %"gg&%d&&)ﬂmg@%@éw%t ri eved
fromthe wel pstkachichTdoeneissd e pray ad Ghdomrfacet Aimag, ddthowiraiing aral TEL serinsol | ed.
require some physical connection to the wellhead.
Plunger lift systems have much narrower application than wireline or TFL systems,
20 Plunger lift is used primarily to unload excess fluids from a gas well or to increase
production on an oil well. In these systems a tubing stop is inserted (usually by wireline)
in the flowline at a desired depth, and a bumper spring is installed above the stop. The
plunger is allowed to free-fall to the bumper spring. The plunger expands to the inside
diameter of the flowline and the gas in the well lifts the plunger. The plunger is designed
25  to surface as a solid interface between the fluid column and the lifting gas. As the plunger
rises to the surface, the plunger acts as a swab, removing liquids in the tubing string.
When the plunger rises to the surface, the liquids and gases are diverted to separate
flowlines. The plunger may be used repeatedly to remove successively more of the

accumulated liquid in the well or may be retrieved from the wellhead. The system may

30 be automated or manually controlled.



2 6 ~tL 2002 -4 Unfortunately, each of the above-described systens fails to
address automatic sel ection and depl oynent of tool's appropriate to @Qg(hﬁb
-to be perforned. Accordingly, , what is needed in the art is an d !
syst em capabl e of selecting and acquiring an oi Ugas well tool, deploying
the tool to the required | ocati on downhole, performng the 5 required task
and returning to the well head. 2 6 ~t~ 2002 -s SUMVARY OF THE | NVENTI ON
To address the above-di scussed deficienties of the prior art, the present
invention provides a systemfor, and nmethod .of deploying a sel ected one of

r
a plurality of todnfartunstely, zachiefthe phavetasoribed systemsfallilo adsingss aytomefia he
systemor th ad. . | n L et he.system. ncl.udes: a too
sel ect or Capg%%g&%%n%rdgg@y@?nﬁ8?%2%%%)@&%%%?06?’54%tﬁ)ﬁ%s%f&gnoegl gaclc fj'gé& -
separat e | ocohitGindebes BQhe 06 4l Atiniedsyseh @apie oNRledling AR RbMAM drt y of
tools proximate an entrance to the subterranean well in response to a tool
sel ection copigasavellriack dsplayingde tegl ipthaceamised losptioradnvenboles pefimaisgdhe o t he
sel ected @“enﬁﬁh%ﬂﬁmHEHGéﬁ' 10thetPRhsyg t hat causes the sel ected one ofthe
plurality of t'ools to enter and traverse at |least a 10 portion of the
subterranean well. The present invention therefore introduces the broad
concept of automating the selection and depl oynent of a variety of tools
for a given well. A conputer can be adapted to control the selection,

depl oynent, operation and retrieval of tools, providing renote conpletion,
servicing and rework of a well. 1 s In one enbodi mrent of the present

i nvention, the tool selector conprises a plurality of tool containnent
chanbers corresponding to the plurality of tools, the tool selector noving
a selected one of the plurality of tool containnent chanbers proximate the
entrance in response to the tool selection conmmand. "Tool containnent
chanbers,"” as that phrase is used above, is broadly defined to include any
station or interface for 20 receiving, holding and releasing a tool. A
"tool contai nment chanber” can be, but is not required to be, an encl osure
for a tool. In one enbodi ment of the present invention, the tool selector
conprises a tool guide extending a |location proxinmate the sel ected one of
the plurality of tools to a |ocation proximte the entrance, the tool guide
bei ng novable to select the selected one of the 25 plurality of tools.

I nstead of noving a tool chanber toward the entrance of the well, a tool
gui de can be placed to provide a channel for tool travel froma

fi xed-1ocation chanber. The tool guide can be a tube, chute, rail or other
structure for conveying the tool toward (or away from the well entrance.

I n one enbodi nent of the present invention, the tool selector rotates about
a 30 substantially vertical axis to select the selected one of the
plurality of tools. In this 26Ut C2002 -6



enbodi nent, the tool selector may be thought of as operating |like a
revolver. In an alternative enbodi nent, the tool selector translates_ .
tinearly to select the selected one of the plurality of tools. chdbuk%am2
those skilled in the art may perceive ot her advantageous chanber
configurations and depl oynent operations. 5 In one enbodi nent of the
present invention, the selected one of the plurality of tools is adapted to
free-fall through at |east a portion of the subterranean well.
Alternatively, the selected one of the plurality of tools can traverse the
subterranean wet( in a nore r I enbodi nent of the

pr esent inventiog, t he tool gﬁ@@ﬂ%@éﬁ@ﬁﬁﬁﬂgﬁﬁkﬂﬁii% conprises a tractor
adapted to engage an inner wall of the subterranean well. Alternatively,
the tool displacenent nechani sm nmay be driven by pneumatic or hydraulic
pressure in the wdlolagdness the abowevdisedsed deficiengiesiofthe prierart] thepregant ipvéntien t ensi on

menber. I n one enbodi nent. of .th resent .inventiagn, the.tool displacenent
Techant sm coniP a8 B ca, o Tl GaR e e el Jeapl Ehigfy pEOFE S

di spl acement R6RAMeaM W bkt A wdlfeniphging dlelspitéra BLaR M&hdd. ITHR endedinest, My be
of any conventional or novel construction. OF course, a locator is not

necessary $o thaysismdedudsedpla op! elketoprapalieef repsiving eash of the phwrditysefiierls ment  of

the present |peitloaie BRfbnTherbdiantl el d Yerhed QL B bR @g&gﬁyggst%@% A ot

separate tool displracenen ani sm ernatively, one
mechani sm nmayprbemate ameibdnge oahgsuatzrrendan welh inalegposse tnetoolf selett@notmahd t y  of

tools is 20 desired to,. be deployed into the sulteryanean |.. 1n one
enbodi ment . ofAD PULERECHG FE GRS, Subiags Fo tecpleaantsft trsiwaliy Sh
conprises a GgyR!thi1GaREARE Sdlectdd 078 bPhe pliRByld¥ebolsliS k@ arI R krsBBABANA SM tO a
wire line retriever. Those skilled in the art are famliar with the

st ruct ur el@ndpariigncafithsrsubterrersan @gl.i onal wire line retrieval systens. The
present inventionu a t. i i :

| at er - desi gned, SJlrh? g%g%gg@grgbgetgﬁq%%éﬁ{aﬁg%grtﬁ‘?trnlaogégﬁ&é%gqé%gi%ﬁ{éngfqé? egoi ng

has out | i ned,seleatidneand kieplaghsnt of reksety of taidfal 4 givaaimell.e Af embputee xa0be t he

present invention so that those skilled in the art may befter understand
Phe” dot ai | o MaREL DROBHP GhE Seche SIOBITS BRETR ool St Py YA Of o PSS

features of tlfoleR¥MAMEiG) siking Bfd @ReR dfaegknher ei nafter that formthe
subject of the clains of the invention, Those skilled 30 in the art should

appr eci at &5t hat t Aegneeahodimgat of the gresent ipsergipn.dhetolselestor eqmirises aphdalispeci f i c

of tool containment chambers corresponding to the plurality of tools, the tool selector

moving a selected one of the plurality of tool containment chambers proximate the
entrance in response to the tool selection command. “Tool containment chambers,” as
that phrase is used above, is broadly defined to include any station or interface for

20 receiving, holding and releasing a tool. A “tool containment chamber” can be, but is not
required to be, an enclosure for a tool.

In one embodiment of the present invention, the tool selector comprises a tool
guide extending a location proximate the selected one of the plurality of tools to a location
proximate the entrance, the tool guide being movable to select the selected one of the

25  plurality of tools. Instead of moving a tool chamber toward the entrance of the well, a
tool guide can be placed to provide a channel for tool travel from a fixed-location
chamber. The tool guide can be a tube, chute, rail or other structure for conveying the
tool toward (or away from) the well entrance.

In one embodiment of the present invention, the tool selector rotates about a

30 substantially vertical axis to select the selected one of the plurality of tools. In this



enbodi rent as a basis for designing or nodifying other structures for
carrying out the 2 6 ~ E C 2002 sane purposes of the present ingﬁpﬁaa?.
"Those skilled in the art should also realize that such equival e 0
constructions do not depart fromthe spirit and scope of the invention in
Its broadest form J .8. BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete understandi ng of the present invention, reference is now nmade to
the foll ow ng descriptions taken in congunction with the acconpanyi ng
drawings, ' in which: 5 FIGURE 1 illustrates an el evational view of an

exenpl ary oidmbe@iment, théXIE seledtdr Mt bathsgh? of QS bp&raglg Meeivetdlvé. IBlah head
shown in FIGURE 1 that enpl oys a servi mxg? and conpl etion system

const ruct ed 2fe@etivH empadimenhdhe phf@lepméya atestimeaslydg eelect itheselaetpdbene of) GURE 3

|1 f
TR B TR O Y
functional ahemBersesfiguemiins widedephiymemeperationk. nent of the tool displacement

nmechani smof FIGJRE 3; FIGURE 5 illustrates an expl oded orretrl c Vview of
an alternative edboBs ﬁ@h?d"a?“ttoﬁé"eé’éfis?’itdﬁ“ﬁ@“%dhec%ﬁ?ﬁ!eétof‘% thy BueiYRt FI GURE

3 and 1S RHGURE fablh U5tHALER @OuACRl Ad8d, bF Ghe’ biWerRheddNwel

alternative e nment o e servitling and orrp et1on system of PI'—'IGURE 3.
2 s at ~ zoderaBivelg Ak kddtdiBERS tha pidlifRef evals cag tiamérse the supterandah BERE 1,
il lustrated }lgn%r}e g(lmeim tec'i (r)ng%l rV| ew of an exenplary

In one embodiment of the present invention, the tool displacement mechanism

10 comprises a tractor adapted to engage an inner wall of the subterranean well.
Alternatively, the tool displacement mechanism may be driven by pneumatic or hydraulic
pressure in the wellbore or lowered or raised by wire line or other tension member.

In one embodiment of the present invention, the tool displacement mechanism
comprises a locator that determines a location of the tool displacement mechanism within

15  the subterranean well. The locator may be of any conventional or novel construction. Of
course, a locator is not necessary to the broad scope of the present invention.

In one embodiment of the present invention, each of the plurality of tools is
coﬁpled to a separate tool displacement mechanism. Alternatively, one tool displacement
mechanism may be removably couplable to whichever one of the plurality of tools is

20 desired to be deployed into the subterranean well.

In one embodiment of the present invention, the tool displacement mechanism
comprises a coupling adapted to couple the tool displacement mechanism to a wire line
retriever. Those skilled in the art are familiar with the structure and function of
conventional wire line retrieval systems. The present invention is adapted to operate with

25 any conventional or later-designed, surface-based deployment or retrieval system

The foregoing has outlined, rather broadly, preferred and alternative features of
the present invention so that those skilled in the art may better understand the detailed
description of the invention that follows. Additional features of the invention will be
described hereinafter that form the subject of the claims of the invention. Those skilled

30 intheart should appreciate that they can readily use the disclosed conception and specific

embodiment as a basis for designing or modifying other structures for carrying out the



"oil well. The well, generally designated 100, conprises a well head 110, a
subt erranean wel | bore 120 énd a well casing 130. Those skilled in the art
~are famliar with the 5 configuration of a typical oil well. They g8kl 2fgad
11 O may be on land or atop an offshore drilling and production platform
190. At the well head 110, provisions are nade to route the well
production, oil and/or gas, to the distribution plunbing 140. Access to
conplete or service the well is providegd through an entrance 150 to the
casing 130 at the surface (land or offshore platform. The well 100 w Il
typi cal |y confeai,bRePbith@breleht Blentian e $R1E iRRAeast shofld ale sdatinabiatt 0
accommpdat e safet’y valves, |ock mandrels or other devices wthin the flow
.conduct or ofuch heuivedérit copructitme de netidepdrefiom the spisit and scap@OfthGiNYSHPR Wi t h oi |
wel | safety, valves and | ock mandrels. The well 100 nust pass through at

| east one s@UF@W&@H@EH'prOduction zone 170 to be comercially viable. At
the subterranean production zone 170, the casing 130 nay conprise a
mani pul abl e val ve 180 to control 15 production flow. Referring nowto
FIGURE 2, illustrated is a sectional view of the well head of FIGURE 1
enpl oying a servicing and conpl eti on system constructed according to the
principles of the present invention. The well head 200 conprises the well
casing 130, production tubing 210, a master valve 220, a servicing system
val ve 230 and a servicing 20 and conpl etion system 240. The naster val ve
220 al l ows conpl ete shutdown of the well production if necessary. The
servicing systemvalve 230 is interposed between the production tubing 210
and the servicing and conpletion system 240 to allow the servicing and
conpl etion system 240 to be maintained with pressure in the production
tubi ng 210 Those skilled in the art will recognize that various val ve and
punp configurations within 25 and adjacent to the servicing and conpl etion
system 240 may be necessary to operate the servicing and conpl etion system
240 while the well is still in operation w thout affecting the scope and
intent of the present invention. Referring nowto FIGURE 3, illustrated is
an expl oded isonetric view of one enbodi nent of the servicing and

conpl etion systemof FIGQJURE 2. Essential elenments of 30 the servicing and
conpl eti on system 240 are: a tool displacenment nechani sm 310, a tool 2's
at c 2002 -1 o selector 320 and a too! guide 330. In the illustrated
enbodi nent, the tool displacenent nechanism 310 is stored in a chanmber 355
wi t hin a housing 350. The housing 350 provides the interface between the

t ool displacenent nmechani sm 310 and the system conputer 340. Commands from
the conputer 340 direct the tool displacenent 5 nechanism 310 as to: (a)
what task to perform (b) where in the wellbore to performthe task and (c)
when to performthe task. In the illustrated enbodi ment, the tool selector
320 conprises a plurality of longitudinal tool containnment chanbers 325

| ocated radially about an essentially vertical axis 323. The tool selector
320 holds a corresponding plurality of well conpletion and



10 mai ntenance tools 327 to performa variety of tasks within the

subt erranean well 100 Those skilled in the art are familiar with oil well
-subsurface tools and their enployment. The tool selector 320 is Qifihl 70 i n
cross section and rotates about the essentially vertical axis 323 which iIs
offset fromthe axis 353 of the entrance 150 to the subterranean well 100.
By rotating the tool selector 320 about its vertical axis 323, access to
the well 100 15 (through the tool guideg.330) is provided for a tool 327
chosen by the conputer 340 from anong the plurality of tools 327 within the
tool selector 320. The t\OErddESERIPIIONSOF AFRE GFRANIKIGRL e the end of one
chanber 325 of the tool selector 320 and extends to a |l ocation proximte
the entrance 150 to the well 100. In the illustrated enbodi nent, the tool -

sel ector 320, mhgp di rected @é tge 2qrco§g§éer qgoh rotat%§ S0 as to
provi de access td ¥ Ad"HtPIREE ISy ing, PresTBMETY FHETEDF "Gl de 330)
for the tool madio BRfERWaE descPipliHTREN ih BEnjlcHBARWith YheQtdR@Pasyind b@wﬁ%m)ut er -

340 next conmands the tool displacenent nmechanism 310 to nate with the
sel ect ed tooin v@ih: This conbination of a tool displacenment nechani sm 310

and a toolL 327 c j I Lin At- this I nt, the tool string
315 may be held 3g§%§§§¥@F§%%ﬁa?ﬁ8"g%ﬁ%gg‘EE% é“%@%&&ﬂﬂ%ﬁ’is sealed to the
entrance 150 to tHGURE? Blustatearnestidhl vidddof atvell bedduhb®h iSFIGURBTRASES t he
master valve 220 to open, and the tool string 315 is allowed to free-fal

at | east son¥MRIPMEARRVEINEAPGHCY t'wmstemcr@vstmegedtaeeﬂrd'as%ﬁhaee'h%mfs FHehani sm
310 may enpl gyohfihGddigpal methods or other means to stow the descent in the
production tubing 210 Vlhen necessary, due to lack of gravity effect on the
tool string 31 S FIGRRE ddllusBgexinspipbodedrinometnsx hiawi afnor@ 1dnhodopeit of thesel f and
the tool (327 thr.ou t he, product i .ng 210 by a tractor nmechani sm which
engages the TRYIEPE %ﬁ‘?"@%ﬁg?‘hiﬁ%‘ﬁ‘é’gﬁ@%%ubi ng 210. i 2 6 ~ ~ ~ 2002 The

t ool di spl acenmentFIGRREMilG R ates b filhctignal drodsSedtivnal viewadfidab edbodifRnidfele String
315 in the production tubing, 210, Wen the tool displacenent nmechani sm 310

det er ni nes t 19&t dispiasemens|meshanisgpf BKEURE 3i n t he proper |ocation, the tool

di spl acenent nmechaaure Sk HE&E‘L:P&hl% &b id QB oBZr alfefhaBC ORI Lhe task
assigned by the ?%nputer. &or exa Pe,séﬁﬁ?ﬁe tgo%ﬁ% sffing 31§ﬁﬁé | ocat ed
i n the | andi thg servipipg end &fnpidtioR kYSISREOTFIGIREI 1) and subt er r anean producti on zone

170, th | di hani.sm 310 [y . .
ot oduct | 8% val ve HB0NERTMUAEH A RO R Oh B bRl §° Ssi

I's conpl et e, the kaviciaganditaiiaion sRtem sPRIGURESIN 310, reconfigures the tool
string 315, activates a surfacing nechanism (to be described bel ow) and

returns the tool string 315 to the well 10 head 110. In the illustrated
enbodi nent, a single tool displacenent nechanism 310 nates with a sel ected
one of the tools 327 fromw thin the tool selector 320. In an alternative
enbodi ment, each tool 327 may be equi pped with its own tool displacenent
mechani sm 310 and stored within a suitably extended tool selector 320. In
yet another alternative 15 enbodi nent, the tool displacenent nmechani sm 310
may be stored in one chanber 325 of the tool selector 320. After |ocating
the selected tool 327 in the tool guide 330) the tool selector 320 rotates
to align the chanmber 325 containing the tool displacenent nmechani sm 310
which mates with the selected tool 327 and perforns the commanded task as
descri bed above. However, one skilled in the art will recognize that the
storage location 20 of the tool displacenment nechanism 310 as well as the

| ocation of the mating of the tool displacenent nmechani sm 310 and the

sel ected tool 327 may occur in a variety of |ocations wthi-n the servicing
and conpl eti on system 240, e.g., the tool guide 330, the tool selector 320,
etc., while remaining within the scope and intent of the present invention.
Referring nowto FIGURE 4, illustrated is a functional cross sectional view
of one ‘



"25 enbodi ment of the tool displacenent nechani smof FIGURE 3. The t ool

di spl acenent mechanism 310Jis illustrated as being a $elf contained,
-power ed nodul e capabl e of receiving, storing and perform ng comrapgsr

the central conputer 340. The tool displacenent nmechanism 3 1O conprises a
power source 410, nenory 420, central processing unit 430, |ocation nonitor
system 440, traction nechanism 450, 3 0 free-fall restrictor 460, surfacing
nmechani sm 470 and retrieval coupling 480. Those skilled in the art wll
recogni ze that for the purposes of this discussion the |ocation and nature
of 2 6 UE C 2002 -12 the a i ot limted by the
illustration and may be varieQEXﬁFFgﬁB®§§¢%?HQﬁ§?thin the scope of the
present invention. The power source 410 provides all power for the tool

di spl acenent nechani sm 310, includin but not limted.to. conpu}er

operation and nefsfeFndnHRRGLRY bglhlﬁre;ﬁdisaﬁﬁlﬁv%tmlﬂw Hf3agreaplary
r-econfi gur aty [Ta¥e S l.efd j menory
420 stores tglﬁvrbgsggﬁhég}g%{iéﬁ@ rdgﬁ%nla%ﬂslbg’rég\!}@ gg% ﬁél%dg%taﬁﬁggﬂ%ﬁnﬂ 340
t o enabl e t vellboel 120i mp| aawdheasing N80 haFhicsensi@lié inotheper aecfamilidepahdbnt | y of

t he system co ter 340, The.central ocC in nit 430, in cqQnjunction
Weh: ot on SaRgbton SEa Pk SUSRDG TR wELRES RN AY te R atates i oorE t ool
string 315 Wil RAnd &@?m_bh plé{@c?gl_ 150 Al theh@fl REAdON ONPHAVEIB RS ¥ Sl o Adtide MRY

conprise, but is not limte inertial, pressure, mandrel identification

or magnet i c tkeswelpreductian, née@#mhg:,to thp distcibutianallumbiog &4k iArgess th compioe
reconfi gures . .. i C I O, 0, ool
string 3 i 5 r%ér]gigg ﬁ] §|‘Yefﬂ ‘f@%"ﬁf‘\eﬁgﬁ'{%@{ ér}lg@b?eor?r?% égéélegcatﬂﬁg)lfﬁ%tofﬁl%%ljl}%ﬁé t ubi ng
210, (c) penfhand or affshassplgied).t Ak wel( AP0 wilbypically sonsdie mplarbiftyof lahding and 15
(e) return to the |] head 110. Un%%'r nagrmal condi tion f%&low, t ask
conpl et i th, nARies (&Y {esignedsp acammpdale safRry vaves 1o TEGUA QEnet ¢RyIcEHpEnIn

di spl acementhd/ReH aBhdIRo? P the el QD OYrhbLeskited e 418 ERARASHMIDwaP t hat
wel | pressure will carry the tool string 315 back to the surface.

Al ter nat i velsgfetysmalvds cangrlegls maedrels. t Bbe well] 1000wt phsssthifcfuighi atrleast on¢ ai se t he
tool string gQc31Ra, hgb% LRR!Zofl ég& %%@&hﬁ&ﬁﬁnbi 0 316 HRY, @%ﬁ‘&@fiﬁ gure to
ch 4 to e oo 4

permt the traction ani sm nove string to a |l ocation
in the wel | posdactidrezone p7@ sisuraging $3 by compeisé a tntanipilabie tahe 11800 caitmol ng 315.

However, Jjn the event of a system nmal function) the problem nmay be reported
to the c‘o%"rpt?f ¢ $6r further action or retrieval. In the event of a

stranded tool st Rieferinglw bIFRGERE NUIBRMePR o KEGibMRY w1l waPkENoNT -
anot her tool 25 displacenent nmechanism 310 with a fishing socket to

retrieve th&FISURENdemplovied a servicingjargli®mipletiop aypsenn tonstructed aedoeding todbipl i ng
480. In the oyant, B@tﬁ%p s&?ﬁx@&%oﬁo?k\%q}eﬁ?La%%ﬁ@?&%ng@?&gﬁ@%chs]}% 139, hot

avail abl e of 18 lna 0 retrieve e stran ring a'wireline
equi pped w tphoducfiorstabing 2 50 @ kastercaive 220 engetvinnegisystemratve 289 end herdtinganded
tool strjing 315 by nmeans of t retrieval_ coupling 480 hose_.skilled in
the art 4o srdRemHeiongEan 4. e bitsaey B a s cOmPlEeaHARE SuBr el i ngs.
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isometric view of an . ' )
production tubing 210 and the servicing and completion system 240 to allow the servicing

and completion system 240 to be maintained with pressure in the production tubing 210
Those skilled in the art will recognize that various valve and pump configurations within
25 and adjacent to the servicing and completion system 240 may be necessary to operate the
servicing and completion system 240 while the well is still in operation without affecting
the scope and intent of the present invention,
Referring now to FIGURE 3, illustrated is an exploded isometric view of one
embodiment of the servicing and completion system of FIGURE 2. Essential elements of

30 the servicing and completion system 240 are: a tool displacement mechanism 310, a tool



al ternative embodi ment of the servicing and conpletion system of FI GURE 3.
In the illustrated enbodi ment, the servicing and conpletion system 240 is
equi pped with a linear ' tool selector 520 containing a plurality? 6f0tbqen
cont ai nment chanbers 325. In this 5 enbodi ment, the tool selector 520
transl ates under conmand of the conputer 340 so as to align the selected
tool contai nment chanber 325 with the tool guide 330 and the tool

di spl acenent mechani sm 310. Operation -4f-this system and the remaining
enbodi nents to be described, is the same as the servicing and conpl etion
syst em of Fl GiEkorB203nd aitdal gaidé 3%vhnha@jesraesdmhthediir@nm thet tbbisdisphibaskinrent i n
t hat the nunber of contai nnpnt c{;}aﬁgp 3 é}n a . tool selector 520 is not
limted by tEhadisrcHy isrqrekingg chamber PP i ?}{S‘"ge:'isé’ctyi‘e hoyging £5¢) GURE 3.
Al so note t

sel ectors SE}E&'}%@ ﬂ%eﬁ]éésrgag %@f%egwﬁﬁ%e@glwgd%gg %garsg’hs;é# to the
primary tooIeompxhteché@ 5Qemmafiils sfroracidie tdoopater t380| dre8Q Thec awvl hhsphacmmntmdat ed”’

by transl ating the ransverse. t o the 15I|ne t ool eIetor
I |yne of bt |"Eﬁ% aa*ﬁmfl%t%éoszagw gt 135k W psrigm, I(g)t‘ﬁléer‘a‘@él?er‘@ boguie pg% al i gned

with the toqgskgga@gﬁégto&h@nﬁg@tam spl acenent nechani sm 310 mates to the
selected tool 327 in a simlar manner to that descri bed above, thus

conprising a tooln dterillngragd mbodiment, the ¢oah stlecter 83 oernprisss 2 rhtrality 06|

i Pl acement, RS RiBh OB TR 1BARGh, SRR vald e, | 00

sel ect or 0 a h t he

tool di Spl acamm TRetvaniekoiod 120 Mdshcmmdw,gtﬁmrhlhyzoﬁezbleaemlﬂettomhd 327 and
performs the commanded task as_.described above, Referring now to FlI GURE 6,

i 11 ust r at®d mainteianeetopisdddtq Ressm Yarighyeaf tasks it aﬂheema%rr%arbwﬁbm%m of
the servi ci ng,angliic@ e bk 912 aRhaTHIPSil Elel%&z%ce d&lééﬂh%h&%@ﬁ}?éhﬁem, the

tool contai nnment chanbers 625 of the tool selector 620 are l'y aligned
fromthe welThegor sedenter ]25@ cirfitlar in @ndss sestiomandmetates ebeutitker essedfdly versicdh e

Cube, “or cortShnal PR Carearom 5y S £ v wuibe B 0B i §efdea (o

the wel | entipensg ro’lt5t€hg the tool selector 320 about its vertical axis 323, access to the well 100

15  (through the tool guide 330) is provided for a tool 327 chosen by the computer 340 from
among the plurality of tools 327 within the tool selector 320. The tool guide 330 is
located proximate the end of one chamber 325 of the tool selector 320 and extends to a
location proximate the entrance 150 to the well 100.

In the illustrated embodiment, the tool selector 320, when directed by the

20 computer 340, rotates so as to provide access to the entrance 150 to the well 100 (via the
tool guide 330) for the tool 327 selected from among the plurality of tools. The computer
340 next commands the tool displacement mechanism 310 to mate with the selected tool
327. This combination of a tool displacement mechanism 310 and a tool 327 comprise
a tool string 315 At this point, the tool string 315 may be held temporarily in the tool

25  guide 330 which is sealed to the entrance 150 to the subterranean well 100. The computer
340 commands the master valve 220 to open, and the tool string 315 is allowed to free-fall
at least some distance into the well 100. The tool displacement mechanism 310 may
employ frictional methods or other means to slow the descent in the production tubing
210 When necessary, due to lack of gravity effect on the tool string 315, the tool

30 displacement mechanism 310 propels itself and the tool 327 through the production tubing

210 by a tractor mechanism which engages the inner wall of the production tubing 210.



“I'n this enbodi ment, the tool guide 630 rotates about an essentially
vertical axis 30 633 to ali)gn with the sel ected t ool 327 whi ch WS y

onto the tool guide 630 and to zsat c 2002 -14 the well ente %ﬁ @g
The tool displacenent nmechani sm 310 is stored separately and mated mnth the
selected tool 327 after the tool is located in the tool guide 630. In an
alternative enbodi nent, the tool displacenent nmechani sm 310 may be stored
in one chanber 625 of the tool selecterl-620. The tool guide 630 may then
rotate to align 5 with the tool displacenent nechani sm 310 which mates with

t he sel ect etthd R0l disphatedtrl nReHAnisii ™ OtnkRit6:/0 PREEOEhEENn bamK s steesriihed above.
I n anot her alternative enbodi nent, the tool guide 630 nay be stationary,

and the tooProdigtio tynng2l®. (Wheidhetoal displagemeny maehagismi3i 8 detgmapesdbpt thol

chanmber 625 T bed
above. 10 P13 ftle sabherBotitl i diof A BLARL REtaREE ) AT By gRSCr | e
provi des a ﬂuysbcﬂm?ﬁwacmnmmgmamdk m@gnlalﬁiyaye c:gn;mterelFectMpmmf tleftoa

plurality of toagl ane.a I | 1. enpl t he system
or the met h$gns phsgbgngcgﬁ%é)'ﬂ%}?e pding %agﬁb@%ﬁaﬁﬁﬁwh@g l§> "B‘g?a“sel e>c/t or
capabl e of peaelishatheRelinelod aeplmemerﬁlmewangﬁq $18%H:5 o F‘%‘@ (RoRARPHR:E

| ocati on t hereof pl aci ng a sel ected one of urality of tools
pr oxi mat e ampr@dturtwno/elve dJStheat&cBWQuubﬁﬂelandmg}mppleO Wherrtbstpsinseommeta t ool

Sl cct ed ondeopor figetets feg Bem B SIS JE L0 N 36 dB B Bre ot the

plurality 0§urfa@ﬂﬂ% metkhnBi @ babélclited ¥elbWParltrelufiRShe RoPRfidd I3 16 thetvid
subt erranean wel Al though the present invention has been described in

detai |, hob®@ddiPiled in the art 20 should understand that they can make
vari ous_changes, 1;3bshiiikd Rt Al raIAbb AR IRER B hothiahodear L ng

fromthe spirit and scope o e invention in it orm 2 6 DE~
7.002 - is withatselested b ofghe fosts 327 frmWémethetamﬂ sallepdrdzDntn @ dteinetdieed one of
a plurality of ubt.errane a tool selector

Capabi o of * PREgpashioRt SR & BRARG yiftsciv 0] sseigens e

310 and stored within a suitably extended tool selector 320. In yet another alternative
15 embodiment, the tool displacement mechanism 310 may be stored in one chamber 325 of
the tool selector 320. After locating the selected tool 327 in the tool guide 330, the tool
selector 320 rotates to align the chamber 325 containing the tool displacement mechanism
310 which mates with the selected tool 327 and performs the commanded task as
described above. However, one skilled in the art will recognize that the storage location
20 ofthe tool displacement mechanism 310 as well as the Jocation of the mating of the tool
displacement mechanism 3 10 and the selected tool 327 may occur in a variety of locations
within the servicing and completion system 240, e.g., the tool guide 330, the tool selector
320, etc., while remaining within the scope and intent of the present invention.
Referring now to FIGURE 4, illustrated is a functional cross sectional view of one
25 embodiment of the tool displacement mechanism of FIGURE 3. The tool displacement
mechanism 310 is illustrated as being a self-contained, powered module capable of
receiving, storing and performing commands from the central computer 340.
The tool displacement mechanism 310 comprises a power source 410, memory
420, central processing unit 430, location monitor system 440, traction mechanism 450,
30 free-fall restrictor 460, surfacing mechanism 470 and retrieval coupling 480. Those skilled

in the art will recognize that for the purposes of this discussion the location and nature of



separate | ocation thereof and placing a selected one of said plurality of
tools proximate an entrance to said subterranean well in response to a tool
.sel ection conmand; and a tool displacenent nmechani sm having an Zaﬁtl]ihblmmnt
‘mechani sm associated therewith that is configured to attach said sel ected
one of said plurality of tools to said tool displacenent nmechani sm and t hat
causes said selected one of said plurality of tools to enter and traverse
at |east a portion of said subterraneasi2well. 2. The systemas recited in
claiml1 wherein said tool selector conprises a plurality of tool

cont ai nment  ghaaBdR tSmEdHehR SN ik by chesliiswatiohuhdinay e @iricll 0GllSreniing t 0Ol
sel ector noving a selected one of said plurality of tool containnment
chanbers pro%tﬁ‘ﬁﬁ}é‘ %%%Pfé?ﬂﬁré??éb‘“i’eﬁ“?'bsponse to said tool selection
command. 3. The sygt SWeﬁ%Jrge%ltO ovidks Gl anr]foMQ‘igdlfausﬁﬁandp%?ﬂecﬁa ctor
conprises a tool gui'de extendin ocation proxinmate salid se one of
sai d plurali 810, oklutlioglbst momhmxtédioactompntepm;mmnmami manotymuﬂmemnee lgationt t ool

gui de bei novabl e to, sel ecf said sel ected one rality. of tools.
T The. oy o0 cRoHEE Bl e Er GRSy B S e ComPlecel bt echafiet oo

about a SUbSBﬁHxBWﬂOyStM@{ il %kntﬁ%hs’ink@orﬁ?l‘&ﬁ&edsc@' tfle %ﬁ‘s'té?x%@rﬂ RBe3fosai d
plurality of tools. Q-c The System as reC|ted|n claim1l

wher ei n sai de!tabblth%mobdtspllﬂcmmhmedu@sn I3|1M‘appvateoné@plemtl}safd"xes&ybt@mt ed one
of said plural f The syste s.reci.ted in erein
O o sl bt cebrtnter Jog ot ssnfi PR tagr A0S i ESityiioh i, e et et
through at | RRgtonderdors| déddmies SRilstatidHuf eltodl 88hg\3ek hwithih thd Bell SHGEURHM as
recited in claim1l wherein said tool displacenment nechani sm conprises a

tractor daplosgiongneiighgesiem HAmey cpapriseoputsiaingt dmired toaeainl. wesssre.8. The
systemas r efnhﬁcﬁg ideti éaﬁbﬁb#m%‘éh%ﬁ@éeﬂso?f" d tool displacenent nechani sm
nes a

conpri ses a locator t dete ocation of said tool displacenent
mechani sm wi t hi n Asiedessarips the centrelqmoagesirlz.un® 43T heeosfigirasithatool displeceshentn ¢l ai m

di ep ncenent PREBHSR A S.8) Sl e ARl e b o e SR ot B o o

t ool di spl acgm@iiiionRENaRIS r(a;)qﬁmam Sefisighet QD] (H)1@p&d apyshsh halficRUp] sdsai d
t ool di spl acenent nechani wire line retriever. 11. A nethod of
depl oyi ndda &aresep &}h‘b}‘(é“ Bﬂfaddla| Undsr perpaksondiggnsfollpiiae sask gomeletiomien wel | |

conpri sing t Be g PRSsse umtr@@‘?éc%hﬁk&re%%ﬁo&fdxsﬁﬁbgnéﬂi HEHahib 396 14 &Hﬂl ' nto a

separate |ocation of a‘tool selector; placing a selected one of
plurality of theowifasing mmschanssmes Hrsoghat weh pressute willicdrrs ﬂtﬁtteolrsmWaIHS\baﬂd t0| n
response to &‘St orgl sel ecti on command; and z 6 ut~ zoo2 -17 causing said
sel ected one %Fd plurality of tools to enter and traverse at
Alternatively, should pressure in the well 100 be insufficient to raise the tool string

20 315, the tool displacement mechanism 310 may reconfigure to permit the traction
mechanism 450 to move the tool string 315 to a location in the wellbore where pressure
is sufficient to raise the tool string 315. However, in the event of a system malfunction,
the problem may be reported to the computer 340 for further action or retrieval. In the
event of a stranded tool string 315, the string may be retrieved by dispatching another tool

25  displacement mechanism 310 with a fishing socket to retrieve the stranded tool string 315
by means of the retrieval coupling 480. In the event that a second tool‘displacement
mechanism 310 is not available or is unable to retrieve the stranded tool string 315, a
wireline equipped with a fishing socket can be employed to retrieve the stranded tool
string 315 by means of the retrieval coupling 480. Those skilled in the art are familiar

30  with wireline retrieval of stranded tool strings.



| east a portion of said subterranean well with a tool, displacenent
mechani sm havi ng an attachnent nechani sm associ ated therewith that is
.configured to attach said selected one of said plurality of tools?tdtE300
t ool displacenment mechanism 12. The nethod as recited in claim1l wherein
said tool selector conprises a plurality of tool containnent chanbers
corresponding to said plurality of tools, said step of placing conprising
the step of noving a selected one of sg.d plurality of tool containnent
chanbers proximate said entrance in response to said tool selection

command. 13. The pRIGQAn&S 16 SRIURE i Mustadddms Jeh SBRIIBE Rom@id i@Pbr a€l ect or
conprises a tool guide extending a | ocation proxi mate said sel ected one of

sai d pl ur al iattgmativetapiblodiment of theseavi¢ingans eoxiphaiios systerd o FIGERES, lodhel step of
pl aci ng co i sing the.st of moving said. taool jde to select,.said

sel ect ed onéE'ﬁ?ratfgfrag%q"mrg’ﬁp‘?sﬁwbcf"gtag‘g‘foé’?p]e?ﬁ’." sﬁ%’g%@ﬁﬁ%”pﬁg?‘%gﬂ’%‘ﬁri n claim
11 wherei n 3gbicheRt®RP 520 cBhtaiaingq FIGARY 0FQsolt ddRtaringit QhanietA29g IS ahiel t ool

sel ector about a substantially vertical axis to select said sel ected one of

sai d pl urfl iempogimenigtlegool gectorHal transkgrs uadercogimaag of the epmpyierrOiRAEs ei n sai d

step of plagj ki r | i.d. tor

i mearl y't o @ SRt BRIl Mnahilh BarkbP05 b 9 (58 ick %) aBFUERET
met hod as r elisptaééént metiansmB10f urt her conprising the step of allow ng said
sel ected one of said plurality of ols tqo free-fall through, at. |least a
portion of said SIFErPR Ao F"_.‘J t_%ezenea"w“&e@ofae@t&wi%_deﬁ'beirrféﬁﬁet hod as
recited in Ghak M dsehHEhgEH SR s JFFRGGRER. sfq&ggﬂgamtagestaeaﬁsor of

sajd tool displacement nechani'smw'th an inner wa ~said Subterranean
wel | . 1810 Thethisenibodimgat in thei therhimbar oficaitainmentghemesrs3 25 d tacbedlecthir §pP acenent

mechani sm conpr.i.se gcat or i h .Sl o]
det er m ni ng H (thyg‘ét (Iig},]thgfc{j}g%l e?%oogth i gﬁﬁ%&ﬁ@é[“%é@%%%}@%ﬁm@m;ﬁlscéai d
subt er r aneamowettat inlthe ilistratee tembadiaent sdditiond! lineat kel relédtomhsazemsy dach of

said plurality of tools is coupled to l?F seﬁ\ar ate tool displacenent
mechani sm  283embied iR@tTRgHS40ssoras ¢p Peparpiie! &0 Hierprmanyfey selpctaras 4P ¢ Hoys.

di spl acement, gR6HANNRLQAR b fESmAcERy! (Hlislatil fle PRK 326 bt EREL, HOTPI T Si Ng
the step of coupling said coupling of said tool” displacement nmechanismto a
W re |inks rdineirgoerselector’s Aneseftmasion aindldhe saldckor Barmoith therdgsired el 323ds e havi ng

a casing th%igﬁeﬁxﬁ&qhg%o"?gﬁiﬁ%e at a surface |evel

The tool displacement mechanism 310 mates to the selected tool 327 in a similar
manner to that described above, thus comprising a tool string 315. In an alternative
embodiment, the tool displacement mechanism 310 may be stored in one chamber 325 of

20 the tool selector 520. The tool selector 520 may then translate to align with the tool
displacement mechanism 310 which mates with the selected tool 327 and performs the
commanded task as described above.

Referring now to FIGURE 6, illustrated is an exploded isometric view of an
alternative embodiment of the servicing and completion system of FIGURE 3. In this

25 embodiment, the tool containment chambers 625 of the tool selector 620 are radially
aligned from the well entrance 150. The tool containment chambers 625 may be channels
or tubes as desired. Likewise, the tool guide 630 is a channel or tube, or combination
thereof, by which the selected tool 327 is guided to the well entrance 150

In this embodiment, the tool guide 630 rotates about an essentially vertical axis

30 633 to align with the selected tool 327 which is conveyed onto the tool guide 630 and to



thereof, said wellbore passing through at |east one subterranean production
zone and containing at | east one mani pul able structure at a |l ocation al ong

a length thereof; and a systemfor deploying a selected one of a pIhﬁﬂtLﬂ%Z
of tools into said wellbore to mani pul ate sai d mani pul abl e structure,

i ncluding: a tool selector capable of receiving each of said plurality of
tools into a separate | ocation thereof and placing a selected one of said
plurality of tools proximate said entr.aspce in response to a tool selection
command, and 2 GDE C 2002 -19 a tool displacenent nmechani sm having an

att achnent @W&l%n%ﬁh@bsmc'ﬂEQéiolfthfa%énh nfeldRdnishS3 10Q0 bropHdr @fhrhtelyahd ach sai d
sel ected one of said pluralit ools to said tool displacenent nmechani sm

and that causts veth e seléatest tedl iiﬂéﬁ@ffth%tﬂoﬂlsmwwm th,@ terf} sugol680t o enter and -
traverse at |eas ortion S rriye, at sai d
mani pul abl e str utﬂaﬁ’rﬂg?mﬁtﬁve erFEOdlmg tqhgtg’ %rﬂz%)ﬁ%%gﬁg ¢ a&'lsrrlﬁ%ﬁ E B sai d

t ool sel ect @f or2@RABNbes B35 Bf th Wobdeletipr 610. tmhoacgmdasmmmy thematdie fosalign
corresponding to said plurality_ of tools said tool selector novin

sel ect ed Son&ntithestpbidipnlzreaentyechnismhii 0 whish matrmwnith theselasted dogi 38K ia tg sai d
entrance in x?(ﬁ'ﬂxgg%% \A’%&aﬁ@éd%s}( %esc’?ﬁ)l&@%dvg nln%ﬂ@fﬂ@rqgemgt?{re C%Bgdlw?ljlt, th&S
m gul de

recited in rai erein sald tool selector conprises a to
ext endi ng atdodgaitle 680 pragbe satienasgiand ﬂmlte@tseldcton&mﬁrarskatedsopisuo aligrttyie of t ool s
to a | ocation proxi e sa entrg‘nce sald uide b ing vable to

sel ect sai dSdeqtedktaod ¢ E%bebfﬁggé’l”ﬁ‘ £UPal 5‘{'9/58 h&?s‘?’“?ﬂ.‘ﬁ% CIHEPP 2%

recited in ghaktedzbovherein said tool selector rotates about a
substantially vertical axis to select said selected one of said plurality
of tool sl0 25. ThErOWEthtt abpye, fitéedppargntithat gheairgsetinyenianairovidesiadytesofor.gad ect or
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15  subterranean well in response to a tool selection command and (2) a tool displacement
mechanism, couplable to the selected one of the plurality of tools, that causes the selected
one of the plurality of tools to enter and traverse at least a portion of the subterranean
well.

Although the present invention has been described in detail, those skilled in the art

20 should understand that they can make vanious changes, substitutions and alterations herein

without departing from the spirit and scope of the invention in its broadest form.
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di spl acenent nechani sm conprises a |ocator that determ nes a '°3ﬁ§hﬁ$ﬁ@
said tool displacenment nechanismw thin said subterranean well.

well as recited in claim21 wherein each of said plurality of tools is
coupled to a separate tool displacenent mechanism 30. The well as recited
in claim2l1 wherein said tool displacenent nechani sm conprises a coupling
adapted to couple said tool displacenggt mechanismto a wire line
retriever.
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chambers proximate said entrance in response to said tool selection command.

3. The system as recited in claim 1 wherein said tool selector comprises a
tool guide extending a location proximate said selected one of said plurality of
tools to a location proximate said entrance, said tool guide being movable to select

said selected one of said plurality of tools.

4. The system as recited in claim 1 wherein said tool selector rotates about a

substantially vertical axis to select said selected one of said plurality of tools.
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6. The system as recited in claim 1 wherein said selected one of said plurality

of tools is adapted to free-fall through at least a portion of said subterranean well.

7. The system as recited in claim 1 wherein said tool displacement
mechanism comprises a tractor adapted to engage an inner wall of said

subterranean well.

8. The system as recited in claim 1 wherein said tool displacement
mechanism comprises a locator that determines a location of said tool

displacement mechanism within said subterranean well.

9. The system as recited in claim 1 wherein each of said plurality of tools is

coupled to a separate tool displacement mechanism.

10.  The system as recited in claim 1| wherein said tool displacement
mechanism comprises a coupling adapted to couple said tool displacement

mechanism to a wire line retriever.

11. A method of deploying a selected one of a plurality of tools into a
subterranean well, comprising the steps of:
e receiving each of said plurality of tools into a separate location of a tool
selector;
e placing a selected one of said plurality of tools proximate an entrance to

said subterranean well in response to a tool selection command; and
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configured to attach said selected one of said plurality of tools to said tool

displacement mechanism.

12.  The method as recited in claim 11 wherein said tool selector comprises a
plurality of tool containment chambers corresponding to said plurality of tools,
said step of placing comprising the step of moving a selected one of said plurality
of tool containment chambers proximate said entrance in response to said tool

selection command.

13.  The method as recited in claim 11 wherein said tool selector comprises a
tool guide extending a location proximate said selected one of said plurality of
tools to a location proximate said entrance, said step of placing comprising the

step of moving said tool guide to select said selected one of said plurality of tools.

14.  The method as recited in claim 11 wherein said step of placing comprises
the step of rotating said tool selector about a substantially vertical axis to select

said selected one of said plurality of tools.

15.  The method as recited in claim 11 wherein said step of placing comprises
the step of translating said tool selector linearly to select said selected one of said

plurality of tools.

16.  The method as recited in claim 11 further comprising the step of allowing
said selected one of said plurality of tools to free-fall through at least a portion of

said subterranean well.
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19.  The method as recited in claim 11 wherein each of said plurality of tools is

coupled to a separate tool displacement mechanism.

20.  The method as recited in claim 11 wherein said tool displacement
mechanism comprises a coupling, said method further comprising the step of
coupling said coupling of said tool displacement mechanism to a wire line

retriever.

21. A subterranean well, comprising:
e a wellbore having a casing therein and an entrance at a surface level
thereof, said wellbore passing through at least one subterranean production
zone and containing at least one manipulable structure at a location along a
length thereof; and

e a system for deploying a selected one of a plurality of tools into said

wellbore to manipulate said manipulable structure, including:
e a tool selector capable of receiving each of said plurality of tools
into a separate location thereof and placing a selected one of said
plurality of tools proximate said entrance in response to a tool

selection command, and
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of said plurahty of tools to said tool dlsplacement mechanism and
that causes said selected one of said plurality of tools to enter and
traverse at least a portion of said subterranean well to arrive at said

manipulable structure.

22.  The well as recited in claim 21 wherein said tool selector comprises a
plurality of tool containment chambers corresponding to said plurality of tools,
said tool selector moving a selected one of said plurality of tool containment

chambers proximate said entrance in response to said tool selection command.

23. The well as recited in claim 21 wherein said tool selector comprises a tool
guide extending a location proximate said selected one of said plurality of tools to
a location proximate said entrance, said tool guide being movable to select said

selected one of said plurality of tools.

24, The well as recited in claim 21 wherein said tool selector rotates about a

substantially vertical axis to select said selected one of said plurality of tools.

25. The well as recited in claim 21 wherein said tool selector translates

linearly to select said selected one of said plurality of tools.

26.  The well as recited in claim 21 wherein said selected one of said plurality

of tools is adapted to free-fall through at least a portion of said subterranean well.

27. The well as recited in claim 21 wherein said tool displacement mechanism

comprises a tractor adapted to engage an inner wall of said subterranean well.
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30. The well as recited in claim 21 wherein said tool displacement mechanism

comprises a coupling adapted to couple said tool displacement mechanism to a

wire line retriever.



