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[0001] TITLE OF THE I NVENTI ON [ 0002] Ml ti - Zone,
Single Trip Well Conpletion System And Met hods OF Use.

w( 0@08311@ROSS REFERENCE TO RELATED APPLI CATI ONECT/081041/068182

This application clains benefit of and priority to

U S. Patent Application No. 11/615,529, filed on
Decenber 22, 2006, which clains benefit of and
priority to U S. Patent Application No. 11/418, 765,
filed on May 5, 2006, which clains benefit of and
priority to U S. Provisional Patent Application seria
no. 60/763,246, filed on January 30, 2006, and benefit
of and priority to U S. Provisional Patent Application
serial no. 60/678,689, filed on May 6, 2005. Each of
[0Be1jf BirldgoDRJHE BNVENGIQNr at ed by reference herein for

oses. [ 0005], TEVENT . REGARDI NG FEDERALLY
BI85 0o R LML 00 5 PR
appl i cabl e. [0007] REFERENCE TO APPENDI X [ 0008] Not

applicable. [0009] BACKGROUND OF THE | NVENTI ON [ 0010]
[60e3] CCROSS RERERIBNECE di) REhA TERYARPLIGSTIONS r i bed

(056t Sy Elisth bonelif af Fof Bay g Ll Snbactit Apviicaton
NONMMELS379, Atk tonAh& RS D)OB) RN Slaints Benshit Wi idhioRity
[0011 Descri ption O The Related Art. [0012] One 019

toHéSs PrighteApplipgtion Noodd 418360 cfilad @d May B, 200fp Ivétichnglaams

erfa n. hydr oca n .. ugh as ub.sea well ,
R ST RRE R 67 R ¥ isipadlo Paled® it el no.
606163, Biguiflledin fanoetyt Be, Pe0d, &@r BendBe pREMSH riofityVed U .S.
epth, tripping time may account for the mgjorit

d f
RieVisiobaliaat mlisasongerislro. S0GER65hilehgn Mtd, gods. Each
IFRIRELIORY O HRDrpokdibPB) Flerbhdlhekein SHTPRHRE. | 1 each

Zzone S

[0005] STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
OR DEVELOPMENT
[0006] Not applicable.

[0007] REFERENCE TO APPENDIX
[0008] Not applicable.

[0009] BACKGROUND OF THE INVENTION
[0010] Field Of The Invention. The inventions described herein relate generally
to hydrocarbon well completion systems, and more particularly to a system for

completing multiple production zones in a single trip.

[0011] Description Of The Related Art.
[0012] One of the single biggest costs associated with completing a subterranean

hydrocarbon well, such as a sub sea well, is the time that it takes to remove a tool
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conpl eted separately fromthe other zones. It is
desirable, therefore, to reduce the nunber of trips

woewedsasy to conplete the two or nore productPONUSINBE6S182

inamulti-zone well. [0013] U. S. Patent No. 6, 464, 006
is entitled Single Trip, Miltiple Zone |Isol ation, Wl
Fracturing System and di scl oses a device and net hod
for "the conpletion of multiple production zones in a
single well bore with a single downhole trip." [0014]
U S. Patent 4,401,158 is entitled One Trip Milti-Zone
Gravel Packing Apparatus and discl oses a device and

U, PR 510 B, B S GR A A

timy ni2e greauelfoptekagolity sluwelessmprtiyn @osts.NGot B&vell having
e&%li ment. [0015] The jnventions disclosed and taught
TRl iglenPrHECt N, elep drPBINEnRe Ve qoBpewndkd 1heechnaencomyst be

doHpl &R %f&agé@ﬁﬁgg lotHEP EneR! @HF‘ ﬁégiﬁﬂle,zﬁﬁ?gegolljg{‘to%&c}%ﬁ the

subt err anean ring a single trip:

IBONMYARY tiFs TieessavENTbON e GE7iwd or anee produetimnzaidsan a
ofl.the i nyention, a nmethod of conpleting two or nore
BHYFOLE SN zones with an inproved wel | conpl eti on
systemin a single downhole trip is provided and nmay

conprise assenbl i nég a plurality of production zone
[ﬁ@]\r‘gg Si BatertoNe.Had Ae@ﬁézis 215 ingle diripx Mydtipla Zone Isolation,
[ ction screen senbly having, at .| t.pne .
BEBEt Bk SHIEEACRRGER KeiRih B Rerisrit«ff Somatggien of
BslspRIPro@fktibN zbies 1M kingRv4ll Bt GlithQisifdl® 1HEnhdiO &AL NY

a conpletion tool assenblyin a | owernost production
zone assenbly, wherein the tool assenbly may have a

tyir ¢a i t. . IS ti vat er; Lhe.
(DGR S PRa B01135, ¥ Ayt e SAE Ml 0 TRl e
Apredarhd and disclosaady dévicnambalsthiod a66 egrlel ROIaRE iaspla@lisy of
setting tool to the production zone assenblies to form
ZQnesoYihis:a Bibtesaearsisll - RUBATCRY cathesuserspive £prmay be gravs!

Iﬁ@EjedtMuc@e%ﬁ%’l’?flrMoJiﬂé glepggﬁifningﬁ}_ est abl i shed by

[0015] The inventions disclosed and taught herein are directed to improved
systems and methods for completing one or more production zones in a

subterranean well during a single trip.

[0016] BRIEF SUMMARY OF THE INVENTION

[0017] In one implementation of the invention, a method of completing two or
more production zones with an improved well completion system in a single
downbhole trip is provided and may comprise assembling a plurality of production
zone assemblies so that each assembly comprises a production screen assembly
having at least one production screen valve. Running the production zone

assemblies in the well on production tubing. Locating a completion tool assembly
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a sunp packer. Cycling the tool assenbly within a
production zone assenbly to index the conpletion

waeymwamiso a formation treatnment conditi on andPCT/@81007/058182

the production zone. [0018]31n another inplenentation
of the invention, a single trip well conpletion system
is provided that may conprise: a conpletion assenbly
conprising a plurality of production zone assenblies
corresponding to formation zones in the well. A

conpl etion tool system adapted to operate within the
conpl etion assenbly. An autonmatic conpletion system

. 1 . r r . n
B DRl ABR'ATLRISUAD (e RopENEhR hapy e »
depstivetadoepenamntoal Hatishdtivatedfafiep eeatobohfas pardéd below angt
a tool activation, ass |y disposed in a | owernost_
By P@‘&f&efl SEHCH 8ﬂ¥?-aé§$ﬁ1§4rﬂ§gtadﬂr%@cr19%péc@r asamblncomaising a
LHE 161 & tiel }?l%ﬁﬁ&ioh%!ne Wsclfiffiel 90 rorhy §LM lc%tg)glz%]serXﬁgr.
anot her aspect of the iInvention conprises de Ing a
Runmingothe leemplgtionfasseattiln gnd toel assemblyeinmopesitiasestebdisiesd; by
maki n and .pressure testing.each pr.oducti on zon
oL H By Vel JBE L0 gssermiy Py BRHUCt R fopR G 1embl 0
iRAGIHE o 1@%69?*%_ M 1k forMBfidn fbdthlet QndRIAHAL t@Rng the
tubing and | ocafing the assenbly on the sunp packer;
myeducting zane op production / gravel pack packer;
rel easing a service tool, if the production assenbly
was run in on a work string, or otherwise running in a
[6e18]ilaenbthet implp@ehtatorof thedhvehEiog, S SihglenriphaliP&inpletion
production, sl eeve and testing the system |ocating a
SR 15 Broxider hak RayoImpTER: Aneprarletiom gssembbisemprsiag a
: r. . .
AL SRR nE RSB BT BERRBE s n e
welhct Ar comgpletien taolesysmon edagied ko ngpertte awithin ether &nfygetion

out; .clgsing all |ower . zone sleeves; pressure testing
Ao Ak TR RRIF Heler PesecasHmaly opatablp between

DO PRIIuBEor QYRMbEP HRd ShE et@ﬁl Waahed Badued icgﬂgﬁi&?yﬁ?fstem
and testing, repeating the conpleti‘on process unti

hetweeenas t pluahity iof eremsingt eshditiamsnamiga tool activation assembly
disposed in a lowermost production zone assembly to activate a deactivated

opening or closing tool on the tool system.

[0019] Yet another aspect of the invention comprises setting a sump packer;
perforating one or more zones as needed; making up and pressure testing each
production zone assembly and service tool at rig floor; running in the production
assembly on a work string or production tubing and locating the assembly on the
sump packer; setting a top production / gravel pack packer; releasing a service
tool, if the production assembly was run in on a work string, or otherwise running
in a service tool; opening a lower zone screen wrapped production sleeve and
testing the system; locating a Frac / gravel pack position and setting a lower zone

isolation packer; opening a lower zone Frac pack sleeve and locating a Frac
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production seals into upper production packer, if
needed; and openi ng sl eeves as needed for production.

w@ 0020311BRI EF DESCRI PTI ON OF THE SEVERAL VI EWSPCFUI14R7/068182

DRAW NGS [ 0021] Figure 1 ildustrates an arrangenent
for a conpletion assenbly having two or nore
production zone assenblies for use with the inproved
wel | conpletion system [0022] Figure 2 illustrates an
arrangenment for a service tool assenbly for use with
the inproved well conpletion system [0023] Figure 3
illustrates a cross-sectional side view of an

[ i : ' by for U LLh: the
e e A
dlodingssli &tvees zangslaewas; presareotesting¥o0 isdgiorebdgitthing Mkt zone
cycle. assenbly for use with the aytomatic positiaon
‘i‘%l?éft‘t}oi’? Y2 REBINGI 19 Wet ZqBe Eereqn W[‘%R?Sé]?f uglipteslegye and testing;
&béaﬁﬁ%rtﬁk eSorfplEfdS pragsd LffiRkheS 14e 6h&Ws %o 1§ea;shming
inverted seal systemfor use wth the inproved we
nrodystion iseals éte upper[f@odisliofipackes 16 beddet umtdr ateamgasleeves as
crﬁ?sds-secti otnal side view of a safety shear out system
RS OEPRIPE Y he i mpr oved wel | conpl eti on
system [ 0027] Figures 6a and 6b illustrate a
cross-sectional side view of alternate crossover

(9031 RS yDERCRIRBON ¢ ©F obHEa SHEBWHR AL andlEAVS o Ot THHE

ﬁﬁ%@@ﬁd’s’“ ve in a production zone assenbly for use
Wi th e inproved well conpletion system [0028]

[BO2M) rRigutreill illusttatest @iSartangérdsiit-foes torapRtion hstemyiyehuvadg @vo
hydraul i ¢ setting tool for use with the inproved )
@ HYE P istiey zonsrasspmbbies forjuge mathgthe impenved el gpmpletion
Sggtgﬁs-secti onal side view of a second inverted seal
ystem for use with the inproved conpletion system
[0030] Figure 9 illustrates a cross-sectional side

j f rcul atin I . .
[“bfZ\?l I*"j{gur{ej:l 2(:1husgcrl'e|1teasta!n agraxgen\l/e%t for a service tool assembly for use with

the improved well completion system.

[0023] Figure 3 illustrates a cross-sectional side view of an automatic position

locating assembly for use with the improved well completion system.

[0024] Figure 4 illustrates a planar view of a 360-degree indexing cycle assembly

for use with the automatic position locating assembly of FIG. 3.

[0025] Figure Sa illustrates a cross-sectional side view of a first inverted seal

system for use with the improved well completion system

[0026] Figure Sb illustrates a cross-sectional side view of a safety shear out

system for use with the improved well completion system.
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waymwvami3f§ 0031] Figure 10a illustrates a

shifting profile associated wth a production zone
assenbly for use with the inproved well conpletion

cross-sectional side view of a closing tool assenbly
having a circul ati on val ve, associated with a service
tool assenbly for use with the inproved well
conpl etion system [0032] Figure 10b illustrates a
cross-sectional side view of an alternate closing tool
assenbly associated with a service tool assenbly for
use with the inproved well conpletion system [0033]
hArr a [ 210 By, Str ssrsegtional .side
(b2 g B ot Bbbutos (A aRRRr 3B LW or iftfate
@essovdraubakssrhbly im aservideasolt 888misis aadvh fornfaBion Us€@syWilbe in
the i nproved wel| conpletion system [0034] Figures |
3 predyqtiogzppepssemblydes useanith s dnpeived well sgmpletign system.
deacti vated openi ng tool associated with a service
tool assenbly for use with the inproved well
[0028]| lagurerV Blyustraes § 0ABShedtiogalrsidel Fiewl dfushydaindir stting tool
£ 0SS~ Se ti.onal ﬁ%i de vi.ew of an opening tool
eV IOV COMBIEHARFPYSISEY with a | ower nost
producti on zone assenbly for use with the inproved
wel | conpletion system [0036] Figure 13 illustrates a
[0902 Jligwet§ Bluatrates d srasseoptiohalasithy diesubf & sopadiingertedadeal
lvatjon assenbly associat.ed with a | ower nost
Sg%@u@{ lllsgnw@:) & llgggoé’ﬁif:?}np%f‘orb@gte\m‘t h the inproved
[0630] Figure! ®till@trafedSi @PassisOdAhl EidoUriew 16F h!diMtlabint 8mla
ressure_test assenbly and indicating collet assenbly
Sﬁ@f@@& ipsefdle agsediated Mathe prisedugtion divne i assemidly fon sse ity the

. = }ﬂ' [ ved wel |l conpletion system

1{11%03}%? | gégp]@qé}§nisp‘§%@t rates an alternate nose piece

associated with a service tool assenbly for use with
iyproved wel | conpl eti on stem

[})61361] Fqgure ?Oa i ustratesny cross-sect?o);lal side view of a closing tool

assembly having a circulation valve, associated with a service tool assembly for

use with the improved well completion system.

[0032] Figure 10b illustrates a cross-sectional side view of an alternate closing
tool assembly associated with a service tool assembly for use with the improved

well completion system.

[0033] Figures 11a and 11b illustrate cross-sectional side views of alternate
secondary indexing collet associated with a service tool assembly for use with the

improved well completion system.

[0034] Figures 11c illustrates cross-sectional side view of a deactivated opening
tool associated with a service tool assembly for use with the improved well

completion system.

PCT/US2007/068182
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[0039] Figure 16 illustrates an enbodi nent of the
present invention in which the production assenbly is

wo xv7itsiishe wel | on production tubing. [0040] PCTUSB0OL68182

illustrates the enbodi nent ©of FIG 16 while treating a
| ower production zone. [0041] Figure 18 illustrates
the enbodi nent of FIG 16 while treating an upper
production zone. [0042] Figure 19 illustrates the
enbodi nent of FIG 16 during selective production from
a | ower zone.[0043] DETAI LED DESCRI PTI ON [ 0044] The
Fi gures descri bed above and the witten description of
speci fic structures and processes bel ow are not
intended to limt the scope of what Applicants have
[0033] Higareol? tillestetape absspeoti@nl iside fvivw tdfoSE opening tool
i nventions. The Figures and witten description are
%F‘Wlod‘e%ﬁs%blb’e%@éwl?g?ﬂ/ Wiy & dpwerpopy RIgdugiionrzong rassemply for
. i s whi ch pat ent
‘g?lg‘?te}@??bﬂgﬁ?gé{%ﬁléE%ﬁ.ﬁm?hglggysg% led in the art will
appreciate that not all features of a commerci al

' nt at of the inventiops. are descrjbed or .
(o BRu e ﬂﬂ@%ﬁss BFCTRPZFPHPALNEC I 1 t2aRYirAYic opening
t661 &ERati asikinbly dsBodidtbd wathta %v%n?ﬁﬂfr@&dcﬁbﬁ z%ﬂ@‘éss‘é&%ly

devel opnent of an actual commercial enbodi nen

fonussrypidh teiimgravspesiisoniblation spstersent i nventions wil |
require numerous inplenentation-specific decisions to
achi eve the developer's ultimate goal for the
[003TENigira! 14 niNQstki@Nta. pRdSiTle | 0R! asBMbBL 208 - MARGHAG Collet
deci sions may include, and likely are not limted to,
assmhly asroelatgidr witls g deveermost prodertiop zengasssmbly) far wsg, with the
. t-re ot her constraints, which may
1v§¥(§yeg3r}€e{sﬁpcé)é : %LO%?S%QP%hent ation, |ocation and from
time to tinme. Wiile a developer's efforts m ght be

| ex and tinme-consumng in an absol ute sense, such
lé&?@ rtgURd | lhuﬁ@,tesrwémﬁigq 58 Picee asiaciaird Witk arserigerigol

afs&rmbly for use with the improved well completion system.

[0039] Figure 16 illustrates an embodiment of the present invention in which the

production assembly is run in the well on production tubing.

[0040] Figure 17 illustrates the embodiment of FIG. 16 while treating a lower

production zone.

[0041] Figure 18 illustrates the embodiment of FIG. 16 while treating an upper

production zone.

[0042] Figure 19 illustrates the embodiment of FIG. 16 during selective

production from a lower zone.
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those of skill this art having benefit of this
di scl osure. The inventions disclosed and taught herein

w@ae@74sH6£pt i bl e to nunerous and vari ous nodi f PCRUSTINF068182

and alternative fornms. [00456] The use of a singular
termis not intended as limting of the nunber of
itenms. Also, the use of relative terns, such as, but
not limted to, "top," "bottom™" "left,"” "right,"
"upper," "lower," "down," "up," "side," and the like
are used herein for clarity in reference to the
Figures and are not intended to limt the invention or

qg@ia' Stdq% f@qethhinthe scope of the
@gﬁgn edgggﬁ?ﬁé? ' Eﬁo e" generally refers to the

[@044 cElieo Figuneswkeschibed) bpye and i the t wiifigre desdtiptioh eofvepdcific
"Downhol e' generally refers to the direction that |s
YHEUES e P Cﬁ?se&ph%%“éfaé? ngt ﬁ@?@&é@%h%ﬁh@ seppe of what
. ) . . 9
IS hale Ll ERUT AL Doy o FofecfipE T8, AREnIGHP (The
Egates ancherittzo deskiptien brs.proddetbio téqupl dng aetsen Bkitled in the art

created an inproved. systemfor conpleting in a single

G Tiors’ trq [HeomESHion e s PG Ropiepish Isagpueht. Those
skflcd@elin OME AT 5lMCIppRRIAONBH) nbf AIETTERGDY o MRblnmercial
bore. The inproved well conpletion system acconplishes

implemesitationaflibe iinveatiensnayt aleshsild oF shown forathe spkeouf desty

far I re operatio .such ,.but, not limted t
3 ittt g oo RERRY ARCogRTL AR e et bt B
deerelepmentadiiart bétall @nmméciabBhbbdiaent iRbEbokfARly dsheds of the
annul us pressure nonitoring, all wth _no production
presBt usBtons will requircommerpis impleworigtionespecifisngtcisionsnto
1| c lef i Y..GO I.Si N
PURVE TR A, il R £, R cSRRSHERL Yo "Such
impbohenitdtion-spacifie rdecizivgls anse indhele, taad! lil@B}g afebhot. 1ifnd0d 4,
The .inproyed well conpletion system may be pressure
OBl iRttt rsgsts@nrﬁfaﬁ‘gh Speinessplaedp ggyementaelatedpngd other
P g o RS M REhe LT 0ol 408 (A e
tpgioie. NWhdpedavélopes’s ablosts miight, beswirpies arel tmeodorsuingmg in an
abSSlite ss’e(%)llsea,ltsluglll1 efforts rv%/dlg eb%, %g\gelr{?lgless, a routine undertaking for

those of skill this art having benefit of this disclosure. The inventions disclosed

and taught herein are susceptible to numerous and various modifications and

alternative forms.

[0045] The use of a singular term is not intended as limiting of the number of
items. Also, the use of relative terms, such as, but not limited to, “top,”
“bottom,” “left,” “right,” “upper,” “lower,” “down,” “up,” “side,” and the like are
used herein for clarity in reference to the Figures and are not intended to limit the
invention or the embodiments that come within the scope of the appended claims.
“Uphole” generally refers to the direction in which equipment is tripped out the

well. “Downhole” generally refers to the direction that is the opposite of uphole
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w0 seasileh seals for each zone.

conpl etion, stimulation, and production operations and
the i nproved well conpletion system provides for fresh

conpl eti on system provi des ghysi cal indications of
some or all system positions or conditions, wth
optional hydraulic verification as well. [0048]
Conventi onal mechani cal sl eeve val ves nay access

hydr ocar bon production fromone or nore selected
producti on zones. Additionally, nmulti-zone production
control systens, such as, but not [imted to, those

ot % f’h‘%gtﬁ%ﬁ t&v@léc g‘ggﬂgg%w dgﬁﬁﬁ gletlgﬁg)gs%{ms(sm cﬁ%sr?gégd fayght

hmtbmasy be0rs8b i, @ticah melld, Aevi a&dms apd/behdtizpatabselle of

each being hereby incorporated by reference for all

pur poses) may be incorporatedwith the inproved

[0046]'&15¢1Qﬁnt§)‘h%9@@1‘eta&daéd MproCE SYARTR SH O@éﬁ@ﬁ{ h%lﬁgle
fromtwo or nore zones that were conpleted ina sin

desvarnts ipt enepor MOC bydrbearbem beaing ﬂormamse(pmnbtmozcmes)

eski i.sh and is.r r..conpleti
BERORERD o et o e PGl Ry Fha®fpplishes
mﬁlltlplet fasksvl 4 sﬂagreeddvaﬂﬁldoa@dﬁ{depmvmegi foleRti vBRdos@htidg,
| ace.. Typically, sunp packer will be used to

Sb‘%\'slﬁ okut duot ém&eérfeef%@iamn fr@ﬂugug)gndq geavel praking operations,
gg(?er g Eﬁcuﬁt co%ﬁlqoggtanﬁ% rrgcn e{n?lglu %TCCS(S}HV érmmtgﬁgg all

I on an esire

with po pmdueticnr;;onp daarnfgﬂr ®btrioorn PElietikipponedvial] dinefdnyedm
to sequentially ar sinultaneously perforate one or

A3t ECTBPIIENR ComBlgtien REMPLHeAMPESINg, P OE MNGre REesdusten Byne
dsfignMel bindQ p&,dumﬁx LATREON R, %&% |ce &%ﬁés%bgn system

| Nposes no estrlct ons on t producti on
zone or on the spaC|ng bet ween zones. |If necessary,

' Ioss con stens, such as, .but not limyt
[%‘H] © HoRroYy “Ee d° ‘BPIB‘F?I} §ySt?FB;}n®é bEsRIESE &stRdy E‘Ffom
Pubimerd })@traﬁb@sﬂ bénes Préfi@Blyt Re wakP Hed 1O '?101.Z 9 reﬁf dyrin

i nterest have been est abl |sh an i mpr oved npl et |o§
fexpaatiom matmmzts,nglcbraé, but nojr lemagb@@tfsaommtgher glae'slepackmg

dp@l\é%ghionﬁos%%, ElefPn® prod%ctlon zone isolation is provided during

completion, stimulation, and production operations and the improved well

completion system provides for fresh isolation seals for each zone. The improved
well completion system provides physical indications of some or all system

positions or conditions, with optional hydraulic verification as well.

[0048] Conventional mechanical sleeve valves may access hydrocarbon
production from one or more selected production zones. Additionally, multi-zone
production control systems, such as, but not limited to, those disclosed in
commonly owned U.S. Patent 6,397,949, U.S. Patent 6,722,440, and pending
application serial numbers 10/364,941 and 10/788,833, (the disclosure of each

being hereby incorporated by reference for all purposes) may be incorporated

The i nproved wedT/US2007/068182
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[ 0050] An inproved conpletion systemmnmay conprise a
conpl eti on assenbly, which may conprise a bottom

w@as®enbiiyg4 two or nore production zone assenbl PEFUSINI7/668182

producti on packer. The conp eti on assenbly may be
assenbl ed and hung off the rig floor. A bottom
assenbly may conprise a indicating collet assenbly for
i ndicating position off of the sunp packer; a pressure
test assenbly allowi ng internal pressurization for
integrity testing purposes, and a tool activating
assembly to activate a deactivated tool assenbly, if

WHE ¢he iliJRotd8% R4 plmn%y%&%%lb%@ofmgﬁﬂtﬂ {)(ﬁﬁ:ﬁgﬁﬁom

conpri se a production’screen asse ern
svoortueere ganesdhatovsre seropletad in bsmghaio“lnihniettﬁ;i to,
nmechani cal sl eeves for sealing and unseal i ng
production screen ports, a circulation valve closing

[0099]i I gerfefd] TBAEO theaGRR Sor¥ 3la¥ ©bed® £8ABlidhed 2ardiCR! ready for
systen1 an isol ation packer assenbly andan automatiT

copapletian, é@anmntlag@mrgpnetm sBEpt easmaanm yumiago the well

SV T0n o b T TR B
ber @88 W6 Grdvidd zeebfeluﬁw\lgmﬂtaﬁ@e sttizeqend Bl o-ﬁ}éﬁh@ﬁ‘ﬂ |sMeh £a6ht

succes ve production zone assenbly, if used,
%Aet% A9BE Rsriomtiop e ceraplgtionndévissired, a@@nvmlonal or

r r n S r
lifﬁ c‘?é%@ | JettRiing SPUahLRT FANECHRIBI B skifengally or
Scimrrkbmneuﬂlys pefiférhterametor ntvaé of thaprdduetidn Zdh‘es pf m@htedt tradersed
or. ot her mp oducti on zone assenblies, as

nbl
HEMEIPRE e IpRRES ctioR YT impRaeSpRosisichions
dﬂﬁ@ Sengflf &f aeﬁ@@ﬁdﬁon%ﬁ@mp&?ﬂ’l@ GhacHl Ké?ﬁ'/@encﬁﬁ@% Foecessary,

i sol at ed gravel pack screens, preferabl I ntegra
f‘pﬂfd) nss pordrpl§r/$tcms;g§ush g bubnot dinfiteddo ot lnov ligited el plhactkay

B RE e e FE AR ToRRRL s BRBITGE Ereudih aas of hvere

Iﬁa@ kén edabledhed, &M GRBRVEY %oﬁfp%i'ﬂéﬁt dySfen? eﬁﬁzlﬁg RE U YmbR
made the conpletion assenbly i$ hung off "the rig

%P%Ofgh%iplﬁﬁ%W@tlQ@@@dbqaﬁﬁembiﬂ@gr| ty. All system
val ves, such as, but not limted

[0050] An improved completion system may comprise a completion assembly,
which may comprise a bottom assembly, two or more production zone assemblies
and a production packer. The completion assembly may be assembled and hung
off the rig floor. A bottom assembly may comprise a indicating collet assembly
for indicating position off of the sump packer; a pressure test assembly allowing
internal pressurization for integrity testing purposes, and a tool activating
assembly to activate a deactivated tool assembly, if used. The two or more
production zone assemblies may comprise a production screen assembly with
internal production valves, such as, but not limited to, mechanical sleeves for
sealing and unsealing production screen ports, a circulation valve closing profile,

formation access valve assembly, a seal system, an isolation packer assembly and
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to, production valves, may be, and preferably are, run
in the closed position to provide positive,

w@e@stisdat ment zonal isolation. Once the desiredi/nso®068182

of production zone assenbl ites are nade up and hung off
the rig floor, a single gravel pack service tool may
be installed bel ow the | owernost screened interval and
connected through a concentric inner work string to
the primary work string above the top production
packer. Alternately, the assenbly may be run into the
wel | on production tubing and the work string /

o . |
SOAMER IRlen R OP IR, IRE opibg telenbly AT HREOMnIed 1o
farss emloiver pegdulotion monel assanbliebatkdf ydrieh inay dediungloff the rig

rip. [0052] A service tool assenbly for use with the
tﬁ%%@/b{fs%% Fes@gﬁ%rlag €8st em may conprise a

nosepi ece, an opening tool assenbly, a secondary
i ndexi ng col let assenbly, a closing tool assenbly
[OBSHubneplla, ael Lgugedssine verbduction zonss essombhiasifentsddy may

iy I ¢ q . ndexi
sk ST R P BB o B B o et gome
dRRyahitsly] 1qr Bé t burgedsiel préductic® MRInRt ia8denbiies Mhiak € ombate
utilize the tygl cal down-to-open convention for

qormpenents ghiffownt dhat thae the dirsth gradyetion zene raagsimplyi dr| other
: | St t.he cl.0si ol . ..The s I ce 1,00

HOREHEH s Aol WAL 19 by, 38 Hsyhogl

mbdwkion alontss, Prdfatablypeper pioduvtidnnzdeecdgiises Ysolaes giavel

each productjon zone assenbly to provide a positive
I?éalélsmsn%;}%%fj@fﬁbbowﬂgdewg% pEodugtione siding|sleees, af nasBick /
: . . ot .
B e uSing Bah o pRorphfios (LAPERNEL | ap aypgmatic
systgmb docating i assembliearcloap| isolathon gmslearbl y  asd epabs istidoassiet

such .t hat the opening,tool, (and/.or the cl osi togQl, .
sadssion 2o empl ds e 1Rt FapRICon SsrY Tphae el e
fidoraxe lpfdasdra Csteldrfot in%%A@MIlggﬁbmWaﬁQy,%bﬂ Hs, B ot limited
assenbly. Once the tool ‘assenbly has been p05|t|onég
i preductidnevalvsse mey e, pnd grederebly aae smintinythe alosghpositioroto
psfgvcihg 'Bo@ﬁl%as Bfegtréa%%gntn%ﬁapefsoﬁalffg)nF 9Once the desired number of
production zone assemblies are made up and hung off the rig floor, a single gravel
pack service tool may be installed below the lowermost screened interval and
connected through a concentric inner work string to the primary work string
above the top production packer. Alternately, the assembly may be run into the
well on production tubing and the work string / service tool may be installed

below the lowermost screened interval thereafter. In any event, the entire

assembly may be run into the wellbore in a single trip.

[0052] A service tool assembly for use with the improved well completion system
may comprise a nosepiece, an opening tool assembly, a secondary indexing collet

assembly, a closing tool assembly including a circulation valve, a cross-over
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verify overall systemintegrity, including that all
system val ves are closed. To ensure that running the

assenbl i es has not unintentitonal |y opened one or nore
down-t o- open val ves, the opening tool may be initially
deactivated, such as during run in. In a preferred
enbodi ment, once the service tool assenbly has been
positioned with the conpletion assenbly, the opening
tool may be activated by hydraulic pressure.
Alternately, positioning the service tool with the

t I
SAELVAR BEREER MR £ RS e g
mwdmwudswnanﬁmmhmgpnﬂﬁeamahlnhﬁmMpeﬂﬁm@ib@blF&a&nmﬁaﬂm

limted to

act [ t, not nmock .
corbie 2 uB 8 Hniga B rie-oe tonvntiy Pr procksiongives,
th@s)pei@iﬁg tBOITBletdrily Willh®NSERRMN Gistafip lorSHP dl&uié“ ﬁgﬂ The
| ower nost assenbl y” may be deactivated, such
septicd foal @%@irnbb’ mby comprige haﬁéemdssealmuefa@sosuchias sliclofjoints,

noyvi a_sea V|ce

s oTRrtiendil B s Pl SR ARG onromaim g prnide
acposmeeeanmgcby@&mcmr ERNQoASHBEDhRIet@Nd a service tool
assenbly) nmay be run into to the well bore, on a work
string or production tubing, and |located in position

til, 0 I ore
[gﬁiﬁ flgcst%mte exﬁﬁb%hrﬁéiﬂgr ) e?lig fi nglr iny s?erd eplf:tg Wﬁ%%gq make-
upt dhiel csénvme moh as@mmmy B@mﬁf Iuﬁsstha d@ﬁﬁildtioﬁnassembly and
i ndi cat i ni syc not limted to,

RORHoGSl g TR 1B CReUBRSNGL (APEr e sile. B e fired) is
1hEIREL R v AP 1%weﬂﬁos%yﬁﬁogﬁetioﬁ Q%ieiee\iﬁdihie gﬁi%? SOl ai%anXt

positioned relative to ndi c
myditciom monye gssanblye Onos theitve ap:iembéyrhastbeied pmntﬁne@latntlﬁﬂ the

GV v isitisem et ComEi T I, PooueE EoHBrL b 6
wYiSt 6VRrhi s?it@rﬁqmi%n{yo %ﬁqlﬁﬁng Hak Iﬁll@'ystiéint Vs 4B ecl(%b&' Ao

a position indica system a production packer nay
epsurg ethat cwroving e tsgrvuqes t@éasgﬂmbleihrcmghmhle eprotihation zone

a?{ %ﬁ@% W n(&aucx:llﬁ%entlonXHy ogpnreld%%e ¥ %i]oré3 85\\)\/7{’1 (():" %pecr:lo {Taqves the

opening tool may be initially deactivated, such as during run in. In a preferred

embodiment, once the service tool assembly has been positioned with the
completion assembly, the opening tool may be activated by hydraulic pressure.
Alternately, positioning the service tool with the completion assembly may
mechanically activate the opening tool. If desired, a device may be provided to
allow for verification that the opening tool has been activated, such as, but not
limited to, a mock mechanical sleeve. After pressure integrity testing has been
completed, the pressure test sub in the lowermost assembly may be deactivated,
such as, but not limited to, by using the nose piece of the tool assembly to

removing a sealing device.

assenbly through the producti on BONES2007/068182
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packer, which may be hydraulically set, such as by
dropping a ball or other pressurization device into

WO b@7asmmpd et i on system and pressuring up agai nBCT/URE07/068182

device. This pressurization2zmay be used to activate
the hydraulic setting tool to set the packer, and
thereafter rel ease the service tool assenbly and work
string fromthe conpletion assenbly (e.g., the
producti on packer). [0055] In such enbodi nents, once
the service tool assenbly has been separated fromthe
conpl eti on assenbly, any pressure-bl ocking device used

[@g%@cl%é \ﬁﬁ%gm;égﬁ%%@ictowpq : %glﬁyég%% t(?%h d%?grgqg-iﬁen% tvlvg (}rhr%ore
Rodliction8he PIseHmBUES il 4 6tvie b1 HssemBIY havibk lrufpus 16 g

bal] out of setting tool activating position and )
elhporeaprea el ssmedrdirodustion fubirg viad losetedgnipesiting relative

15 $he/ 'sfﬁﬁ% tpggller B Sb‘?l@'\%e'lllag%fz taﬂ‘t?f’ﬁctt h z? %kelﬁ%r?%g{erfqg%déryent, the

unwant ed “upward travel. ternately,
lowemmiioss prododtionetong basmblyi dngwists gpésitirvintichand syisteat, such
may be r Fverged out,%cgf the system _thereby elilmnating
35 8ut, Beig imgied oy a dadicatingjeollet, agssmblir e Fon ¢xpaple. tpee the
0L Q8B 0058k SPLLBALAIENY con 0y THERFT PRRARE o 0
swinplpatker, the eskerting syserninoay prbeide positiver plaeenicnoidentification,

i re run.in on t pductj on tubing, rather
SRR ATl 550 aed D o R REGSACE 58 brolabliont ot
thé ijph@bé@éb:ﬁﬁlé%@éyis% YEhr8pdriinlotate®Wwith ¥PWithSlt thdFidUr a
produc

ction tubing,” the service tool assenbly may be
nesiien indicaiing sestem, a produdiiopl ackes maydeertacgordngrosgistdesign.

[ t ool ..above a_product. on ve, such ,
e, BB Bickel mht R an A B ReBerchSEp S L e
padkdrhevhidhr filay e hpdi@iliGaRy sBf, Qulbl¢ tak By dRPBIngSS BAR! of- other
Once . the opening tool is_ positioned above 1o the
neesSuriatiog rfleyige viato the wamatalionyeipmnandopressyaing apvagainst the

By (o) i.ng. tpol to engage
2Rk 5l irhldn VRS AP BAURS b SR
santheqekerf hed drsaticAtatehsp tindseeiico fod) Akéetnblp WM vask skitg

ot .
f?om the completion assembly (e.g., the production packer).

[0055] In such embodiments, once the service tool assembly has been separated
from the completion assembly, any pressure-blocking device used to activate the
setting tool may be disabled. In the case of the CompSet II HP production packer,
additional pressurization against a ball will move the ball out of setting tool
activating position and simultaneously uncover the crossover ports in the service
tool assembly and trap the ball against unwanted upward travel. Alternately, the
ball may comprise polymer glass-filled lightweight ball that may be reversed out
of the system, thereby eliminating the need for a “mouse trap” to capture and hold

the setting ball.
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w@owgilsig3down the wel |

limted to, by noving a production sleeve. Opening of
the production ports may be verified hydraulically by

[ 0058] The service tool asgenbly also may be noved
adj acent the isolation packer assenbly for the

| ower nost production zone to engage the production
assenbly's seals with tool assenbly's hardened sea
surface. Once the seal surface or slick joint is
positioned in sealing arrangenent, the isolation
packer 20 may be set, such as, but not |imted to, by

S t ressure
USRI, HIEPLOSAS Fle SURE o SBpE Bt any i
saitalslb foratse avithtthe pies@it imeatobiviienttiy pbﬁld’cﬁo@@@bhbﬁ’éﬂe 8t
that the opening tool is in position to open (e.g.
in 198k prg ?‘BWH&FWB& rathgisihan g Moplestsngs rac val ve in the
producti on zone assenbly. The service tool assenbly
may be repositioned to open the formation access val ve
[Q%Hrﬁbgatdlmsjftvi/lmﬂldr hhae poductissastrhlidsowerealih in on a work

reat ment, o er a{)J on Fferr d enbodi nen each
Il%c&rcProcht V“ﬁeoﬁﬁ assgrably, may, bg mave relative to
th@ Gé&hblégofi‘%%ﬁml)y t(Pf)osn?dht Bk Qﬁ)@ﬁlﬁ% to&l%‘bv %r&%ﬁwﬁéﬁ? lv?ﬁ'

by the service tool assenbly amp |ty 0
sadms,ebutonots mtednt@,om diowndnS),pes lmbdtmiipn kslﬂtevcn an th¢ rfirstect

P} Biodlesiom g nE-ehbie S0 e demhi tod o7 postiauiig Bpove

the pr@uctife vaeodewavard hdvédent sethed@Mice %olfdseé;nbly will
condi tion, set down weight nmay be applied to the well

cevyep it mwnng/sﬁoelmt@ cengagan taa correspbrding eopsoivigt pwfile on the

I nd i conpl et |

RSLUEER Yol BRI PG A RosoPRRATHIOtuYy bty S b ot
limniogal ﬂogbjf mtrrgmp@du&m dlewre.0 Opening lof tieeoprpligdtiodhorts may
Syst, also provide for real tinme punp i
Bsveudigd b&al%hqﬁléy %m%rr@oﬁqvmtaa islltbeee @dnmoage famptien.
punpi ng operations. The well conpletion system may be
pl aced in a squeeze position at any tinme during the
[0SR Thg sereicattdpalnadsymbiynplsy may be moved adjacent the isolation

packer assembly for the lowermost production zone to engage the production
assembly’s seals with tool assembly’s hardened seal surface. Once the seal
surface or slick joint is positioned in sealing arrangement, the isolation packer
may be set, such as, but not limited to, by pressuring down the work string. Once
the pressure integrity of the lowermost isolation packer is established, the tool
assembly may be re-positioned so that the opening tool is in position to open (e.g.,
above) a formation access valve or frac valve in the production zone assembly.
The service tool assembly may be repositioned to open the formation access valve
and to position the tool assembly for well treatment operations. In a preferred
embodiment, each production zone assembly comprises an automatic locating

assembly or “autolocator” that may be cycled by the service tool assembly among

bore and i nto the fornmapd¢DOS2005068182
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repositioning the well tool assenbly. [0060] A
formation fracturing and/ or gravel packing operation

woray7hei1appl i ed by punpi ng down the work stri nBCEOS2007/068182

into the annul us adj acent tilne production screen
assenbly. Once the treatnment is conpleted, the service
tool assenbly nay be repositioned to a reverse
position by locating the crossover assenbly relative
to the reversing seal in the production zone
assenblies. Debris fromthe gravel packing treatnent
may be reversed out of the conpletion system by

PHTRANG 1008 ulc0h SSER Db R A 85} B o
‘TamelngPedt-downngnd ‘PeE-Biprrg wi || not affect formation

zones above the zone being conpl eted because such
upper zones are fully isolated and their production

0 [ e ain

PRSI0 BrabASE el ek S Bl BP SEeBAD ey e
atmveatdrite thotSmidoon” a fias sosditdn, tset ddvaatvehy mag e a?bl’ﬂé]i
deEri Si The formation may. be nqni,t ored thereafter for
(B8 2 e ORIy tEpn fystsm toaMpinggin relafevsiposttinn bwpemisestiise

| {HeO cl 0§ NGk I S Al
AR, eIt BP0 8| PAAA pok® aligoment
quriad upmiping Veeatneentsp e dmpowedewell ebmpletion caybtems sapirlgo
thr.qu the zone causes the clqgsin roti]e on the
PR G S R PuRiE et dB RS cirel o Spmdes
duir g Ysiinfiflg \bBkrdBons € THe .well BémpleGsd QFktdh §8%Che FMied in a
causes al | production valves to seal” off or close
SAHeSZe  ReYBen aatednyr tiacdimng phet pumpingr ebsratismol it | sigply

< COF e..Zqne isolation may be verified b

réﬁoresftg)glgpépt?%g%ll}ﬁ?@a ?egﬁqu.[ 0062] The se¥vi ce tool d

assenbly may then be repositioned into the zone above

the zone just conpleted. The opening tool may be
[B0R0]1:A ereratign Sipetupng préer graveldaplipg Qperption R be epplied by
' 0 i hed e r at.ed
el OBk RO QuBOGARE SR, B uBBRKC R e BRAELSS
spreenl assembly . ZOneesthé fresindeatis completed, the service tool assembly may

be repositioned to a reverse position by locating the crossover assembly relative to
the reversing seal in the production zone assemblies. Debris from the gravel
packing treatment may be reversed out of the completion system by pumping
down the tool assembly annulus and taking returns up through the work string.
The pressures developed during reversing will not affect formation zones above
the zone being completed because such upper zones are fully isolated and their
production ports are closed. The tool assembly is once again repositioned so that
the end of the tool assembly is above the formation access seal to clear any
remaining debris. The formation may be monitored thereafter for pressure build

up or fall off.
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wo mog3i1sol ated, nmulti-zone well.

conpl eted, the service tool assenbly and work string
may be renoved fromthe well bore |eaving a conpleted,

hydr ocar bons from any zonei1say be acconpli shed by
mechani cal |y openi ng the desired production val ves
using wire line, coiled tubing or other conventiona
or proprietary methods. Commi ngl ed production from
mul ti ple zones may be acconplished by opening
production sleeves in nmultiple zones. A preferred
enbodi nent of the conpletion systemcontenplates a

lﬁﬁ&ﬂofﬂevt%opéégéﬂlbl?org%{f: Pi@ g@#&@i\%ﬁ‘&i gootll‘lﬁi% tth: ich%]ingfljoél RMocated

nore different p sl eeve pro es
digthleortt balewzba dwamosiucdned prdductiex satpé.e Usiaed infdvement of

S S S e B S BB o
tg Whﬁé ﬁ_déh‘é?»ﬂdnﬁﬁltgaﬁr‘éﬁléi &t ek Pholctfo {/aWe,t(H.%',,rEngleﬁl:t?on

or wire line tools nay be used to sel'ectively open
sigedit o and [cassss salic produdticas valwsst, seshexfif oo wiise dheit tasociated

intel.ligent or interventjionles oduct ion cont.r ol

i e ot enchV B R b o pTal PRnE” AR RAIRGS may be
REIED BY ¥udaegilessiisig0R. r ef erenced above, the inproved
conpl etion system di scl osed herein may provide

si mul t aneous, non-conmm ngl ed production frommltiple

(BRI $eB 10 SR bnel AT YR one info i ope shave
the O] jusircoinpixtal €Thecopeping o) MaMtet fRBItIdhed AUVE@r BRAIMA] a
nqﬁéie the present i nvenhl ons may reduce or elimn

t
CHERAlPY W iisZ0a¢-orl he BracPASsEIERed @boYR 1a¥ bﬁ&ﬂgéﬁgd for
AER VR cRGTE ?x%ﬁﬁ&@n' %ﬁne.an@q@yalﬁ!ﬂrga&ﬁgﬁ H}He% | plve bca:n
uns. rig time an

perforation Substantial savinhgs 1n
ooopdsted, dbe warivice dsol rassanuitg iahd evotlostniag intay bareageeed ftom the

be realized by vi f _ .
L8R Fioe i roomietitc i Bptal g welln Piaetion of
HyBRIcBbREs HORPARL H5H Iﬁf?}’s b& RcoldRGHH By Iﬁecﬁlani.c%ll?%gening the

i'llustration of one of° nunmerous enbodi nents o
desingsl profeetionswadves|uping00irg bine, iwodediubingaor dthgrengentional or

p?gﬁpelta?rgfl 1%@th%¥ssft e&rlnrnncl:r?élgg rp%du@&or? fors rmultiple zones may be

accomplished by opening production sleeves in multiple zones. A preferred
embodiment of the completion system contemplates a selective profile system
having four, five, six or more different production sleeve profiles for selective
zonal production. For example, specific profiles on the service tool assembly may
open and/or close valves in the completion assembly. Other specific profiles
associated with coiled tubing tools and/or wire line tools may be used to
selectively open and/or close such valves. Also, when coupled with intelligent or
interventionless production control systems, such as, but not limited to, those
commonly-owned systems referenced above, the improved completion system

disclosed herein may provide simultaneous, non-commingled production from

Pr oducti on oOPCT/US2007/068182
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nore of the inventions disclosed herein. The uppernost
portion of the conpletion assenbly 100 nay conprise a

w@ew@dastiBon packer assenbly 102. A preferred pBCREF2007/068182

assenbly is the ConpSet 11 16P Packer or the TIP-PT
Packer, both offered by BJ Services Conpany of

Houston, Texas. The first of one or nore production
zone assenblies 108 is also represented. [0065] A
producti on zone assenbly 108 may conprise an automatic
| ocating assenbly 106 to | ocate positively the
conpletion systemin its several conditions, such as,

. . .M " LEd (o) .
s bl s R g RS i
adthydaulic idteventiong. assenbly or "aut ol ocator" 106
preferably conprises a debris barrier, such as, but

not limted to, a nolded rubber cup positioned above

[0063] M Ohipeaicdl cdBpleBBs §8@ATNANZ M orATr NG tNE :}J_resent
Jbore for preventing or réducing thé amount of debris
ipyetiosd Magdedusg arrelintirate theonesd 4o oun a0dor tatriewddiackarplugs

b ck uni.on be i nt er posed het ween the progduction
ok N BTG G HERE s BT Bpdile et Sisieruns.
Subs@ntidlysalHigs S0 fidingdaRd ehde), asSRIMPhLY rdPBndeeSfoRfktion
have to be rotated after the tool assenbly 200 is

pysRemeite el deapaized\by yintye efaene prmergcitbnpresens inventions
i 4 Qs , pl hear - out
BEREE el s BEOR Bhrplehol PG d The™

conpl eti on system becones stuck. A nechanical shear
fety joipnt or a hydraulically actuated safety
[ﬁ@‘;ﬂfﬁﬁ’a IHen éﬁ%ﬁrmf qne off guerous epbadimensi enietion
e e g - an
BERLY 100G paPRHE bl oI sk L bt e o
rhare jof thei idehtions diadbsedrhediinet Thowppenaos pertival of theocompletion

facilitate hanging the assenblies off the rig fl oor.
PO RO COUBEPS APrOGUTOm PRCkEr &SRy Ul Poproterred

pﬁ@@riaﬁﬁnﬁﬂﬁ%sgﬁ& g%ﬁip%m@{m&kp&&hefnﬁm Rk G@diltfgﬂed

assenbly (F | sol at1 on packer assenbly

: S %@Vﬁﬁfbcpm@dﬂﬁ ©f Heustan, dexase Thedustadfiona oz oroee pfoduction
Zoht gsrsgl%gliespl 68015 RS Ire%?es%ﬁt%g.ss valve

[0065] A production zone assembly 108 may comprise an automatic locating
assembly 106 to locate positively the completion system in its several conditions,
such as, but not limited to, a “Frac/Set Down” position, a “Pickup” position, and a
“Run-in” position. The automatic locating assembly or “autolocator” 106
preferably comprises a debris barrier, such as, but not limited to, a molded rubber
cup positioned above the autolocator 106 and engaging the casing or well bore for
preventing or reducing the amount of debris from collecting in the autolocator
106. In addition, a quick union may be interposed between the production packer
assembly 102 and the topmost production zone assembly 108 so the completion

assembly 100 does not have to be rotated after the tool assembly 200 is positioned
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assenbly 114, or frac pac w ndow, may be fornmed in the
production zone assenbly 108 to control fluid

wa@oeowmsiieat i on bet ween an inside of the producP@DOSHOT@GS8182

assenbly 108 and the outside of the assenbly (or
annul us, not shown). A second sealing system 116 is
provi ded such that the formati on access val ve assenbly
114 is disposed between the first and second sealing
systens 110, 116. A preferred sealing system conprises
the inverted nol ded seal s described herein. A
circulation valve closing profile 118 may be provided
. fo aml.e, ' [ ve |
(hfeiny oRIERIB 6035 ol REUARY R 16l elftel 16 place 2
shyarteed shfetynjoithe 09 nlagt, FIGNn§b)dpeast the gompletioh ispdiem becomes
osition to.the reversing, position. Lastly, a .
ddft FeahAnicyl shear QUISSHRY JP1nts adiyiRprulisd hpacdmtedorafarp jaint
RAPIUERDRYed C 116§ Profédiil 1 %5@%@11 3 | i
pr}gduct Pogescr ee véfg\?eé’ not ghgf\%ﬁﬁg%gﬁ%ggl? ﬁgﬁtse%lg%g
systeint &t0 tand bebohdhé @atolshweVid$, Anyurnnéngppmoveaday also be

0067] . Coupl ed.to. the first or | r _production zone.,
raROdh i, CBesrodidion Hat vt i BB HRng g HopeRples
Fhe MY flook04 may conprise an opening tool activating

assenbly 122 to activate an opening tool and/or
closing tool on the service tool assenbly, if such

[ [,8. hav, n.deacti.vat ed.. The. .
88818 i 320 g G 135 15 PR Y51 Sing Bhinst pssie gtion
dfahe gasict itewdiag@nibe (M6 2).CAntigitionssaeRd désdnBl{5.112)may ve

pressure test assenbly 124 may. be provided to
rravifled taisolgse dhe produetion: 7ans (ﬁ? intesent-e A dammatigngiccesgevalve

tq : L | Lngdi gat | |
SERIE 9L SIS L8011y SR8 IR
aosemblyl @68 toocdntiol Shidodoinmingcationbewtcenan assidandd the pdduction

2D, s | (AR Ui QRIEEE U SSHU on GBS ORIGROWD). A
AL S ot 90w SRt SRR Yy v
asseoiblad $4 nddigpospd OeBleek L@, fidt argl secompscabing byténanl I, 146.

%ge\ffi:rcr:&l sFegﬁrlxg saic’s e(:f‘nnchln}/lpr%s%(s) tltlehfrfll%errt'g%iy mgﬁeéJ ge%‘ijs described herein.
A circulation valve closing profile 118 may be provided to, for example, close a
circulation valve in the completion tool assembly when the completion system is
cycled from the fracturing operating condition position to the reversing position.
Lastly, a production screen assembly 120 comprising one or more production
screens (not shown) and associated production screen valves (not shown), such as,

but not limited to, mechanical sleeves, may be provided.

[0067] Coupled to the first or lower production zone assembly 108a, is a bottom
assembly 104. The bottom assembly 104 may comprise an opening tool
activating assembly 122 to activate an opening tool and/or closing tool on the

service tool assembly, if such tool or tools have been deactivated. The activating
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with the conpletion assenbly 100 of FIG 1. The
service tool assenbly 200 may conprise a conventi onal

w@eoopnsnsd et ary hydraulic setting tool 208, anPCT/US2007/068182

automatic locating profile1210, which is adapted to
interface with automatic |ocating assenbly 106 in the
conpletion assenbly 100. It will be appreciated that
if the conpletion assenbly 100 is run in on production
tubi ng, the setting tool 208 may be omtted. A
cross-over assenbly 212 conprising seal surfaces, such
as nitrided slick joints 209, 213, above and bel ow a

i - QY] facili fluid
SR A prle ACpBARE 5 7 nBElopdnel WSope e el

assensbldgFIGIR). tA meslreagdi R&mBlYa2¢ anayl B pRVIdRISE Thtiltate
seal ? stenms 110, 116 in each production zone assenbly
Preasiallien, prestre testingn of ({hp épmpletion fassarebly ol Onpdastise ain
; [ LV .

R P MR SR 13 o B Bl A MR 28 B Wit hd o
fAish offithg completias assehibly 200! &osmné smbgdiments e @mletion
val v maybe proyi ded havin ne or nore structures
SRS 1Y B0 LU g o) O &L PRSP BEi58  rgpatcl.
a8 dide6ésed 88loA theoliMikSiov akeambly T0d MGy 5O FRI ldnWwork string /
assenbly 100. The circul ation valve 216 nmay control
Sﬁr\uﬁqiocﬁ/ﬁmmblyati on along the interior of the tool

assenbly 200. A secondary indexing collet 218 may be
provided to activate the automatic | ocating assenbly

[0068]tFIGO2 3¢ @kepreskRfatibm of £ 5drdic 6P AsHebBN200 MBt LIRS BE Bgkd
tool assenbly 220 isprovided having one or nore

vaith thetcampletion apsestbly ¢@0 eloF G g aldiersgrvigectolassimbly 200 may

. i nq. ' | i th )
SRR ol bR BRI R L2 g
locatipg eprefikb 2Y0,dedidh vathesptah td rinterfate rwith iabtoaddc locating

t her.ea ctivated once the tool asse 200 is in

SRGHLTY NG i 5 FOVERIGH QOOARRATERIY 0 8l Py SpoRciBipalierif g
RIS InpcpeldEbbie, S5 UERSGSp
bEwmmitted) Acwodsedvar asserablyeX1dicoagridiag Gedl gtiffases,afuch as nitrided
sﬁcr:[f? ?(‘)jilntrge %98,’ 26199 a cgv%f a(f"nrdr ggow a cross-over port may be provided to
facilitate fluid communication from inside the tool assembly 200 to the outside,
and to seal against the completion assembly seal systems 110, 116 in each
production zone assembly 108a, 108b, etc.... The upper end of the top most seal
surface may comprise a primary indexing shoulder for interacting with the
automatic locating assembly 106. A closing tool assembly 214 comprising a
circulation valve 216 maybe provided having one or more structures or profiles
for engaging and closing corresponding structures on various valves in the
completion assembly 100. The circulation valve 216 may control fluid
communication along the interior of the tool assembly 200. A secondary indexing
collet 218 may be provided to activate the automatic locating assembly

(“autolocator”) 106 in certain conditions. An opening tool assembly 220 is
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enbodi nents of the inproved conpletion system FIG 3
illustrates a crosssectional side view of a preferred

wo eoomafi3en automati ¢ system | ocati ng assenbl ypADESmmN7/068182

"autol ocator” that may be used with the inproved well
conpl eti on system of the present invention. The
aut ol ocator 106 conprises an outer housing 150 and an
i nner housing 152. The outer and inner housings are
adapted to slide relative to one another and the
interface there between conprises an indexing cycle
154 and follower 156. The follower 156 is partially

it hi ' . pr y e,. & .
SUSRD P L B (PRSP Ao Gpein

orrespomtimpesttuctakds dretanas valhes inrthe corapldtion be&embBUBI0gFhe
152, 150, The indexing cycle 154 is described in nore
erizg| too}, assembly 220 ds preferablyn deaskivated (o inigiah s rignand

tRéredfe RYULAlACBHYY 1tlié42|tb‘<§lt 5@5}:1%@13) Bob! & i .’po§iti8$rgvgtﬁ{ﬁet e

t he 1 nner housi ng conprises a plurality o

doimpletion dszEnblyr Kilebylopynify tedl apipattoni amembly 129% dastly, a
| engt h each fi r 170 is an autolacator profile or
D@F%}ﬂ?ﬁg 2%%6’1&%%@%%&5 Sieﬁf‘%ertf"c’t@aéswlulﬂﬁ Zﬁﬁ'e aut ol ocat or
profile 210 on the service tool assenbly 200. The

ﬂr oove 176 is preferably fornmed in an insert 178 that
[P869 olipniag now teschorsaletasted tiesegiption ghHemtdiments ged prefareed

| o or. profile 0, 176 ar ref.erab
RSB 25 L GuPidel Shuefetitn, S50 ek SififBlst o sross-
séetishal §idé RRWNODR feHel FBinh BN an BREMEEE s@tdm 1dtting assembly
relatively high pass through |oad, it is preferred

K0Rr “apfelocatert thatimay be uspdawith therimaraysd yyell gpmpletion system

o et M ehifor R B BT 108 co bt ouleh fopsine 150 and
anriandrtholisig 1152 Clihe baker ahd dnhet ASISIAS 196 hdaptdderslide relative

materi al systenms that offer suitable galling .
tp Qap éfl%ﬁherez%flfmgwslflﬁee‘ﬁ@q CTPaRE R QURPTISES) Aty 11}‘%Atngi qygle 154

REFSFRE: B! ThEGollEW&" 19501 'aﬁlaaqﬂy%qgé& v@th{iﬂ g?&e%HQ% 158;
detent collet 160 conprising a plurality o i nger
nréfatablyr brame¢,dtoi faciditaie eslidiog woatach (sitlo ik thé rand ndircumferential)

qrﬁfe"tﬁ%ln?_%lg giBJréérn g 1t;e5 :}il:ogsiir?gsf) rl%E,e Ii g (? d fhlg:afndg)grelg rc%‘f%l%i P§4n 95

described in more detail in FIG. 4.

[0070] In the particular embodiment of the autolocator illustrated in FIG. 3, a
portion of the inner housing 152 comprises a plurality of collet fingers 170,
preferably 8. At approximately the mid length of each finger 170 is an
autolocator profile or groove 176 adapted to interface with the autolocator profile
210 on the service tool assembly 200. The groove 176 is preferably formed in an
insert 178 that is coupled to each collet finger 170. The fingers 170 and
autolocator profiles 210, 176 are preferably designed to require a snap through
load of about 12 kips in the uphole direction. Because off the relatively high pass
through load, it is preferred that the insert 178 be made from a beryllium copper
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bearing material, such as bronze. The retaining ring
preferably conprises a debris shield to reduce the

wo e@R/18fi3debris fouling the detent coll et asseptl/ySHE0068182

The each finger has a profizbe 162, which corresponds
to one or nore grooves in the outer housing 150.
Preferably, the outer housing 150 has a plurality of
detent grooves, which correspond to the various
positions or conditions into which the conpletion
system may be placed. For exanple, detent groove 164
may correspond to a "Run-In" condition, groove 166 nay

S5 CBROAS Kot I SORIARD ORCUERNS

tﬂetnsent 1@8)lisl EDAIBN alog (48DBYBEIGYather mistsiia) sesierhe thadoffer
Srﬁﬂt ge | oad é abOﬁ]em {;{‘) [0072] As .
SUtaRis es sistanes and strenghomay peissdat or 106 is in the

"Run-1n" condition (i.e., detent profile 162 engages
8roove 164). Wien the tool assenbly 200 has engaged
[098 ] At it wrosinml endieh¢ inner houstngnl 5gries alflvatiz® detenternfeigbi

t h 76)., ut 1 k d
Plioistec PRE Y shifslrisPe At SRRop e by pRlitnlEigna
refamimA ki Cll5|laf1t (5 QRefBiréd that MCretiimiafHng 18be infde from a
ei ther t "Pi ck- Up" or_ "Set-down" condition,

h@é%%@@ﬁ@la sesh asthsonzea (The setaining ringdusberaplycgampyisesa debris
T Bl ool il BEUUAAE cbcr Ly gt "o
cach fingeretiasra fo6ild $63, whitte coiusspomisad dre @ -rhire @@GWlick ii® the
the col ] et assenPIy 170 is ahle to deflect into recess

optey hoysing| oW ¢ Pretesdhlysethe &&reral@%ﬁ@ 19029 a plusahifyp of detent
%rﬁﬁ\%b'g\t} ich Q:oﬂ@&)%gg he tltlco%n gﬂs GOty 9&0 wh1ch the
eauto ocat or In an up Ie Irection requires
doompdktimh sgtstnnm ha8K i hes plattk aEdno exaapler ddtent |gsoo|va tfhﬂe may
et - do rac,condi.tion, F collet 170 .
G2 o B BB CoRGHch. BRoNEo G AR CHaePIy 1 Pigkalp
c%ﬁ!h'tlﬁh and gfc’é@@ 188 haicbire}Bnd@ ) 26EAL 0P YL EIovPEDhAGon. The
surface 173. In this condition, there is no recess fo
deteat eqlldt 460 aad gsopsermanbe deanghedrfer z snapitbuglo bdad of about 1
ﬁgsenbly may not snap through the autol ocator in

[0072] As illustrated in FIG. 3, the autolocator 106 is in the “Run-In" condition
(i.e., detent profile 162 engages groove 164). When the tool assembly 200 has
engaged the autolocator 106 (i.e., when profile 172 is engaged with grooves 176),
a load of about 1 kip is required to shift the completion system 100 (or more
precisely, the particular production zone assembly 108) into either the “Pick-Up”
or “Set-down” condition, depending upon the state of the indexing cycle 154.
The same 1-kip load is also required to return to the “Run-In” condition. As can
be seen in FIG. 3, when the autolocator 106 is in the Run-In or Pick-Up condition,
the collet assembly 170 is able to deflect into recess 182 to allow the serve tool

assembly 200 to snap through. To pass the tool assembly 200 through the
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either direction. In the Set-down or Frac condition,
the set down weight is carried by the autol ocator

w@e@lilBas4 210, 176 and set down shoul der 186. PCT/1S2007/068182

preferred that in Set-down2condition, the collet
fingers 170 are always placed in tension to avoid
buckling the collet 170.- [0073] It is preferred that
the autol ocator assenbly 106 al so conprises a | ockout
mechani sm 180, such as a sleeve. The | ockout sl eeve
180 has closing tool profiles 181, 182 so that the
closing tool 214 on the conpletion tool assenbly 200
£A010&AG2YGs T an! BRORUEIr&HiBR YBqARY %%aﬁD(YfeaBotut rl@l(&ts.' Vhe
to the collet assenbly 170. V&en the closing too
aeecrsdryl 061i4 innlaga§etsdawrods Frac tedditiomeah¢ oalked U0 is displaced

TESA Py T ol -t A L
d@ howding Nefhdes 1437 81n il cdddidnl, Bferd 16O AFRe 0L thePttileP o
the way and into recess 182. [0074] FIG 4 is a

gxapeil Biq and the senvigeiten assembliempy abtenap throughethe agtolbgatorin

of .. 06. | et le.i .
R Pl e SN oy £ oo Ao S Wi e
bynthexautdoyet! fofifed 2By 1 1Bearl &0 dbvi UAbSIdEODSs. TTHE preferred

ndexi nqg cycle 154 conprises an_engi neered track 188
tg?"dﬁ g%&vapw candigipm,dhe poliet dingers dd0 are alvaseiplaced indterdion to

%fd%ﬁﬁn%&%cgﬁéﬂlwr 156 is shown in FIG 4 to be in
mul tiple [

ositions along the track, it will be
appreciated the follower 156 will reside in only one

.t the track 188 at any point in tine. For
[@@hﬂlf g?npfa CF)‘ir‘lf ﬂeaﬁth'c%lﬁﬁhoe%t%%ﬁswaﬁwylééwoynwes a dockout

BAGAGA 180, heh AL OLRER O THORAN e HIOWY Lidsibl Gool
3), downhol'e novenent of the work string w caus
nrofales b8l 182 iso thas yhet coring tont 214 arhthe 'thmaletibn Geil askomibly 200

<GP 3BlAe e FRAUIERE 156, Floof & lilsnin G ermseiayy 170
WaeetHel FostitlOtow] AdserBlySH 4tdnBagel PRAMAE 1181 1Y FcROUL Re@RhR

the "Pick-Up" condition. The follower 156 may conprise
180maygbecmpyadeuphple andispusethe endlst assembiydl 70ite defflect hutnaedly.

lth%l'éfgfg?{he Jo%?rir{?i\ﬁserts 178, and profiles 176 are moved out of the way and

into recess 182.

[0074] FIG. 4 is a laid-out illustration of the preferred indexing cycle 154 for the
autolocator 106. One complete cycle is shown in FIG. 4 and it is to be understood
that the indexing cycle 154 may be a continuous loop. The indexing cycle 154
comprises an engineered track 188 along which a follower 156 is constrained to
travel. Although the follower 156 is shown in FIG. 4 to be in multiple positions
along the track, it will be appreciated the follower 156 will reside in only one
position along the track 188 at any point in time. For example, while the
completion tool assembly 200 is engaged in the autolocator 106 (such as shown in

FIG. 3), downhole movement of the work string will cause the completion system
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woray7hgl1Boad bearing in the Run-in condition.

rotate. In a preferred enbodi nent, the follower 156 is
not | oaded in the Set-down or Pick-Up conditions, but

t he enbodi nent described in2FIGS. 3 and 4, the
aut ol ocator is associated with the conpl etion assenbly
and the autol ocator profile is associated with the
service tool assenbly. Those of skill in the art wll
appreciate that this association may be preferred for
smal | er dianmeter conpletion systens. Larger dianeter
conpletions may permt this association to be
t5 RHfer ﬁ%d“Fréuf‘/ Q&4 ogémo{{l Bfia | U o'll ?v?l[ EE?%F detent
herein al so contenpl ates that t e aut oca e
gragvebid8a Sderatier dplale movbreet@iectbolasseanstsip 2D0 yvﬂdi nalist lie

BHSTRR, g Fenier i SRR iR o dWer Py 06 ausy

o‘éﬁ'@Jnsé)ASrl a;r 18 {nos BidRgde BErAGEIYS, ﬁﬁwh&ﬁ'tﬁé mm“&%@qlsermay
assenbl y In a preferred enbodi ment, the first

rgtag. Ig;asnreffm‘pé embeditmsut, dhefplowie] eis Inet loadad inrile Beirdown
he f I
T30 b R pPORR B SRS,

carrier 194 al though ot her sealing technol ogies, such
but not |imted to, PTEE, PEEK and/or PEKK may be
(08259 InThe ewhedigpst described iy FKeS. ddsand Yedhasutolocator is
[ r
sl RUEE R o elAbdL R sy oA e BEETo00RL  augiged
vﬂlff}Bthe/k‘er\&dsmml hiseﬂﬁb@ SEhos@ o$ Elaﬁlﬁn ahe @t SeRlappledigte tiBYthis
be held in recess 196 a retainer 198 (which
Wm&@ndﬂ%g? Iaeds remalicy riwmeterm@l@ewn syytemsm hager
{
et 2%%&“%?# oAy AR AR KB, Tk d0bras,
t]m invbnticﬁﬂde:scnbﬁdfﬂmremaﬁo czoutehaxkﬂes thiat thie lalitolbecator proﬁle may
reci hat e ch pr t| zone, assenb
R ASHcE Ll i Semtion Paseanbis il wh Patolsrgn may bejespeiated
Vsllﬂpﬂye seiVideltéal ad@nibly.i sol ation packer 112 slip system
75 to prevent or reduce uphole novenent of the packer
during fracturing or other punping operations. The
[?Jg{(ﬁ rFEésgamhéﬁra!tes é) Bgrfaﬁr abhlyst %e %%tgr% Pl)f) {ocgtcctl adJacglt an
isolation packer assembly 112. In a preferred embodiment, the first seal system is

located above the packer setting port. The seals 190 of the first seal system 110
are preferably molded elastomeric seals 192 on a metal carrier 194, although other
sealing technologies, such as, but not limited to, PTFE, PEEK and/or PEKK may
be used. The seal system 190 may be described as “inverted” in t};at the sealing
surfaces 192 are exposed to the inside of the production zone assembly 108. As
shown in FIG 5a, a stack of 3 seal rings may be held in a seal recess 196 by a
retainer 198 (which may be a part of a safety joint). The seal system 190 is
adapted to sealingly engage a portion of the tool assembly 200, such as, but not
limited to, a slick joint 230 or other seal surface. It will be appreciated that each

production zone assembly 108 preferably has a first seal system 110.

PODTSI007/068182
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causes individual slips 76, 78 to grippingly engage a
casing or well bore (not shown). This actuation may be

wo o@RasiBn so that the slips continue grippi NgPCT/US2007/068182

engagenent after the actuatsng pressure has been

rel ease, or, nore preferably, the slips nmay di sengage
the casing once actuating pressure is relieved. An

i sol ati on packer slip system 75, such at that

described in FIG 5a, may prevent a safety joint or

ot her assenbly below the isol ati on packer (not shown)
fromshearing due to fracture pressure induced

novenent of the system A slip systemal so prevents
buckl ing of assenblies uphole fromthe packer, such as
[807HdA lac sindwiz oniElGs Sp Ii:oisiuland)mpackelr El@rslmaﬁiml 36 to [p@é)ﬂeﬁi or

FIG 5k illustrates a_ pref ar out saf
I é/‘é‘f’eﬂ?tl}%tmweﬂb ofi b E aFtuea&pwrem {, pumping
%ttlgggb igié@n%ﬁ §e§m1(‘)?§rls? an 1econd b yadé%éﬁggg@ ggﬁdh

0@08135 lﬂi&l@ghlabalms Poris tmgrippiegly amgeg#t 2 icasihg wr abdllgberd (not

d togeth d t
SRS S Rt R 67 o kot w08 1B dbe Blpt Y S rippine
eﬁrr%y e@ﬁé@iﬁ’ﬁft@r&hé‘a&h&ﬂ%‘ prés6uftfhad Bgén Rlleak€)o?, lﬁéhQ ﬂ%@f@%gn the

e first and second body portions 602, 604. A sl eéve

ships playtdisengage thg chyingpeet antuating poesswie d%rdlem?ﬁbt An isolation

f o]
30 ek 99,985 R RRI by BEGLGLED Y Joim
qmmthermssammta belvat tHehigolati®re packeo (msshém) fo@Sshedrthgd licdto
tJ oad bearing arrangenent, as shown in FIG 5b. The

tachure PEgsurs yadusad sowemayt ofohe syseme Aplip aystery abso nreecas
d b 0
Rk Klingy SEUBRBIRE dohbR, (A HREEANE PARK RO Sl one's

maduetipn sgre¢reassémblgesi gned to carry about 250, 000
pounds during tripping in (as shown in FIG 5b). To
activatethe safety system 600, such as when the

BT AGE S8 PRk PRRIRRE U RY it Mo Bl
vgith th¢awell h@npllebew eysaem iToe wheaz dut safety systeml 608 itlesttatahin
P(IE% % comprls 1rst) and seond %g/ p%lr'uorn% |68?,36%4. These body portions
are concentrically aligned and coupled together with a load-bearing system 606
and a shear out system 608. The load-bearing system may comprise a plurality of
dogs or keys 610 between the first and second body portions 602, 604. A sleeve
or piston 612 is located on the outside diameter surface of the safety system 600
and is preferably shear pinned 614 to the first and/or second body portion such
that the sleeve forces the dogs 610 into load bearing arrangement, as shown in

FIG. 5b. The shear out system 608 may comprise a plurality of shear pins
between the first and second body portions 602, 604.

[0079] A preferred embodiment of the shear out safety system is designed to
carry about 250,000 pounds during tripping in (as shown in FIG. 5b). To activate
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the dogs 610. It will be appreciated that the dogs 610
are biased to a non-load bearing orientation when not

wo emwnaiiaed by the sl eeve 612. Once the dogs aP€r/US2007/068182

rel ease, the | oad bearing capability of the safety
system 600 is determ ned by the shear out system 608.
A preferred enbodi nent of the shear out system 608
conprises a plurality of individual shear pins 607 and
609, which are designed to carry about 100, 000 pounds
after the safety system 600 has been activated. [0080]
Applicants prefer that each production zone assenbly

e rahe._a,.shear qut safety syst 600. The
B S OB T w8 S e e oo Ry Tiod e TG et adlcems o
sublg pdcked, hyeahilio Preayat esmpplizdasdhd Bﬁe@tﬂyﬁdeﬁpé(ﬁ@ o 130 the
Each product zone assenbl may have a shear out safety

SISPYE Of GDOOVRGEN PR a@@gdi@?%gnt(@gt, ldewshele) tr uncover or release
I N T

teerhg ogestatiore mhid ot festraimed drynthefsldeny 612.eDimrathe dbYs are

The saf et stem 600 al so nmay conprise an _expandabl e
ra@?ﬁep cgapd béring zopatility ol dhepeisHuFm GO GwAiEmIREEDy the

o . g
Sy Y0 HE e iR BRI R0 PR By
domprises a pixalay df odirdéisl sheat pinsx6p@ndd K69 wlitly aerdtsighed to

circunfer al ly and, preferably, contact the casing.
ATy Ao oBoh PeudsaEic t@ﬁa{ewesya@é?@of@aﬁﬁ%w@%d-
conprises ANSI 316 stainless steel wire that has been

"bird nested" or woven to about a 50%density, as is
[RO%OL-ApMicarte paefer thah cadhepredutionmone astembly 1168 FicGrpdsate a

' j 622.. 62 626, 8 havi d
8o B P ey R0 BT
Heawdenhe 620 sedld@&jtem! 1G0 #5d thd hutslotRbEEOH. OFdBAtgréduct zone

access valve assenbly 114, or frac window, in a
assearhly mayrhaye ﬁéh%@}(r&fﬁywﬁe@rﬁ%éh@rl& devigned ta shaosama or

GBS b SAANLY R9R ol SRRy s
RiGl BbpHudtrafes2n ftst gedling sybtemd] oimmbheifomh iof invettedsasls 190.
”llhréssia eFf‘y %}lfjsrtef:n‘%1 C6%0 oaflsot rlglgy comprise an expandable debris barrier 620. In
the embodiment shown in FIG. 5b, when the sleeve 612 is activated and the dogs
610 are released, the sleeve 612 compresses the debris barrier 620 and causes it to
expand radially and/or circumferentially and, preferably, contact the casing. A
preferred embodiment of the debris barrier 620 comprises ANSI 316 stainless
steel wire that has been “bird nested” or woven to about a 50% density, as is
known in the art. In the embodiment shown in FIG. 5b, four (4) debris rings 622,
624, 626, 628 having canted surfaces are assembled about the body to the debris

barrier 620.

[0081] FIG. 6a illustrates formation access valve assembly 114, or frac window,

in a production zone assembly 108 and a crossover assembly 212 in a service tool
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tool assenbly 200 to an outside tool assenbly surface.
In a preferred enbodi nent, the through wall port is

wo osomasiiien an angl e of between about 45 to 150PCiPUS®ED)68182

and nore preferably about 220 degrees to the too
centerline, a downhole orientation. The crossover
assenbly 212 also conprises an internal sleeve 244
having a seat surface 246 adjacent the port 242. In a
preferred enbodi nent, the sealing surface 246 is
adapted to seal against a ball or other substantially
spherical object that engages the seat 246. FIG 6a

ti on the seat 6..
engrty 2007 Ry REkinpB Ao ekl A Bbslst et 2 dving o
thndugh atadl Iidme2m¢tltdwi@ flomd corBuniditios Elont Hieingide duGhdeQT the
Locat ed bel ow t he seat

cker as i s conventi onal
Bak el 200t 1o o 1980 sSSmPB SHlheswes 1n @ preferred
[ I
SS90 A IR o RRETHL 6 2O LR iyl B
}riﬁ)ndﬂ:gnees[ @%Zﬂlorﬂmeﬂerubgr abdut s128edepréd ol the Stbd)ld@dmlte&hne a

| at | th nbl 0.and hel d th
diflesfrictuion Theryeh dmoars flsh sy glaemgmal
dhaeve rmmcpmégw %dse%h Qaffac! 9491 QHJQcé?lft tH@giéh 24200 0P preferred

whi ch shoul d” be greater than'the gener at ed ur| ng
eretheasedling ISkrmerZ‘lﬁngs@#amedtto owal Jganss hemlleor2dther

BTSRRI s o
BUBaNMPsitibN 6 thel sRatSAB! aiishil/BaSses gah&H mdyBR used to
sl eeve 244, inc| Udlqmg seat 246 and ball 248 aré noved

astivate the W@lngetyoloEOSt spighe pzmizctwmwcmreléﬁeam4:0m‘¥®t10na1

I it h exte
AR 16 SR 20600 sl RT3 R Biltion
f2eil tha\wolaaseaﬁmynm(s hhﬁrftﬁibetosthéhmklhatcoﬁﬁlﬁﬂ of NEe SéMR¥E00]
244 qD downward to open up the crossover port 242,
pranbly égéfi%“%’émdﬁmred inwardly to trap the

pressure bl ocki ng device, such as ball 248, in
position. It is desired that the ball or other device
[0682]iBte ibterrmb kleevean244i igishdabld retativie tis theasolt dssembly 200 and is

held in the position shown in FIG 6a by a shear pin system 240 having combined
shear strength of about 4,500 psi, which should be greater than the load generated
during packer set and work string separation. The sleeve 244 is biased away from
the port 242, preferably in a downhole direction, by a spring or other device (not
shown). Once pin system 240 has been sheared, the sleeve 244, including seat
246 and ball 248 are moved out of the way of the port 242. The sleeve 244 also
may comprise a plurality of finger 243, which extend above the pressure-blocking
device 248. The fingers 243 have a camming surface such that when the sleeve
244 moves downward to open up the crossover port 242, the fingers are cammed
inwardly to trap the pressure-blocking device, such as ball 248, in position. It is
desired that the ball or other device 248 not be able to migrate from its position

adjacent seat 246 during subsequent well operations. It will be appreciated that
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adj acent seat 246 during subsequent well operations.
It will be appreciated thatthe biasing elenent, such

position after the pin system has been sheared and,
therefore, the ball 248 is trapped in the sleeve.
Because it may be possible for the ball to mgrate
fromthe seat, such as into cross-over port 242 while
the fingers 243 are transiting the port 242, it is
preferred that at |east one finger be deflected
innmardly at all tinmes to trap the ball adjacent the

tzlg %’ﬁu@e gfé{aneé{ éuﬁh Qir eJ g&g@s rIﬁ:l]a%ts thggsl%lv?er%\ﬁg eiﬁdﬁlfr* bretracted

8sitlon aﬁerpthe\;ﬁmtsyaahrhas lfeemhéaeed laig GBRfat] R Bl DI® is
sl eeye 244, [0083] Alternately, and prefer abl y, as
'garp@ﬁ% in thepsleevehBedruse it aaydiedtossibledabiby ballto gugratenem the

&Qﬂ.@ﬁdhs% érggvc?velz ééla 908l WiHig tlpé)ﬁxﬁ%e%sd' 243 %re q}a}ﬁ@ﬁ’lﬁ% the port

uncover ed on Its inSide surface ere s
ZHRalt i2pkfeared tha ankeast one fimgeﬂieufeﬁected ﬁ@a’lrdﬂytat éll times to trap

bl k d 248, ed above,
i S’ﬁﬁ\%@fagmto thesra na@\éilbgl?& Brﬁﬁ“é{fd tHEtot S1oehe 2&%9@%?:%@
&BAL HON48 Sidhugd Wr Rioldel atih \ehly 18 e;ﬁévetnh Qiegf@ Gk | fgﬂhng

packer 102. Pressurization against this can
apseation of ghstsleeve 2¢4.0duct i on packer 102, and then the
i ghtwei ght ball may be reversed out of the system
[0084] Still further, FIG 7 illustrates a hydraulic

[0083]i Algerhatelly, had pﬁ&‘érbblggast Styval BOPRS 6B thd 8k &fved Bdsembly
with a cross over asse y like that illustrated in

Healoegpot qmpmﬁyonr %l@ﬁv|ec24éeamtiuth¢g PetH 312 Tna wepsprioyeredzon its
iRl8e Wack! OMRSORANY & 1iO%at TP ald BYnEOP B bkosciO@un aeging o

npri ses a eeve

I(r&sgre blogking de\flb@\MS aAssmentivnied abba .a ghtwkeight Ball ma be
(ﬁealln%@surface 706 on the sleeve 704 interacts wt

eRped 1348 to theswysiemsandseaitpn psiruethee telagvely aear the prodyptian
s{@ev yr f fl
ﬁa@@er f(ﬁ ?reég#mb?ﬁnp v\gﬁﬁt ﬁfééﬁ%éls%a%n&% H&d 7%36%J Spodlugtﬁ]on
pavleard@ﬁ;sandrtﬂert the lightveeight ibaN emy de |ra}elr$d lmnt:@Mﬁé syster@.r
opening the flow path 702. Wen the pressure is
reduced to bel ow the biasing force, the one-way val ve

[0084] Still further, FIG. 7 illustrates a hydraulic setting tool for setting the
production packer 102 with a cross over assembly like that illustrated in FIG. 6b.
The hydraulic setting tool 700 comprises a one-way flow conduit 702. The flow
conduit 702 comprises a sleeve 704 biased into a no flow condition (e.g., uphole
flow) as shown in FIGs. 7a & b. A sealing surface 706 on the sleeve 704 interacts
with a seal 708 to seal substantially the flow path 702. When the sleeve 704 is
pressurized from the flow direction (e.g., downhole flow), the biasing force 710 is
overcome and the sleeve moves axially uncovering or opening the flow path 702.
When the pressure is reduced to below the biasing force, the one-way valve
closes. It will be appreciated that this feature of the hydraulic setting tool

facilitates a wash down operation.

retains the sleeve 244 in the rePCHUSN7/068182
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closes. It will be appreciated that this feature of
the hydraulic setting tool facilitates a wash down

we@p@rasiiehn. [ 0085] Returning to FIGs. 6a and 6bPCT/DNSH07/068182

preferred enbodi nent, a portion of the crossover
assenbly 212 conprises hardened seal surfaces, such

as, but not limted to, nitrided slick joints 247, 249
above and bel ow t he crossover port 242. These slick
joints 247, 249 interface with the first and second
sealing systens 110, 116 to for a high-pressure sea
for punping and other well operations. At the distal
end of the upper slick joint 247, a primary backup

aut ol ocat or shoul der (not shown) may be forned for
[0083]aR ¢tomingf tot FiGsate aidodtption pidiérahanbatiimbet, a portion of the

aut ol ocat or ile 210 be out of position. [0086] A

ForRutoans B 624 compiges hESeR yalzBaces Sueh ze, Wit Reipited
foSnithi®A dlick m{samgzmb&ﬁe%nprbewtthbgrgrsé&rég 89990 Phese
108. The formation access val ve asse y 2 8 conpri ses
sick hoiotsg#7na49 inft¢rfase Gtht the Gi2stand secamblisdaling, systeaisilig, 116

I .264. Th i.di | eev as_a,.cl osi.n rofil
BBFH Sidteissey sBL T BHek RGP PEny IO oA Al disal
ddobf tHe iRt sHBIOGEnt DAT2% QRinAeY da8R Autdlosdd! skiflder (not
Suitable seals are provided so that 'the port 262 1s
shewnemhay baifermeds foractugtionvof Hiecantalpeatdroldp sbbultitee sitelevaor

&?ﬁe%@%g%u{ hfg?o%%tn 262. The port 262 is preferably
€ r |

ongate e ve to the crossover port 242 so that
i f autolocator profile 210 on service tool 200 is not
engaged in the insert 178 E)i.e., groove 176) but
lﬂﬁﬁgﬂe‘h formatiop aggess Wlve assembly1268, of fran windewnisralsediilngrated

i ti i t B
e e T
dolprised b tlrongh-etalldiove pett A6Ri andthelidiky sedling slesvdi 2640MThe
I.n.that tqol pqrt 242 js aligned with the packing
Sﬂ)@mg_ ds dia ot slesing pisiii 266 lospisclpcica geoxrradl epdrandhan
RRAHNFoRR' tnof @gowﬁdﬁ IRatel RfackntSg didAWhd, C0RUHIL QWhls lafe
W || "be appreciated the ports 242 and 262 are in
mwotidedine ithat tiad poph @A tis sealed against fluid flow when the body of the
sleeve 264 blocks the port 262. The port 262 is preferably elongated relative to
the crossover port 242 so that if autolocator profile 210 on service tool 200 is not
engaged in the insert 178 (i.e., groove 176) but rather on top of the insert 178,
fluid communication is still achieved between the crossover port 242 and the frac

port 262.

[0087] FIGs. 6a and 6b illustrate the well completion system in the “Run-In”
condition in that tool port 242 is not aligned with the packing port 262 and the
sliding sleeve 264 has sealed off the packing port 262. In a ‘Frac / Set-down”
condition, it will be appreciated the ports 242 and 262 are in substantial alignment

and the sliding sleeve 264 no longer seals the port 262.
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and the sliding sleeve 264 no | onger seals the port
262.[0088] FIG 8 illustrates a second seal system 270

weroorhalips oducti on zone assenbly 108 | ocat ed dPGI/ab2007/068182

the formati on access val ve2sssenbly 260. In a
preferred enbodi nent, the second seal system 270 is
substantially the sane as the first seal system 190.
The seals 270 are preferably nol ded el astoneric seals
272 on a nmetal carrier 274, although other sealing
technol ogi es, such as, but not limted to, PTFE, PEEK
and/or PEKK may be used. The seal system 270 na¥ be

r ert [ h eaI rfa
@%ﬁal?g]e 33@%% H%éog tsggondng?agl [eL%tF '3 e ot OH"SCP{ gHCtiodln gone

aseabip| 18 I0ated \disedd @finhé forfatioB acceds $4126 kasginbly 268 In a
i in a seal recess 276 by a retainer 278.

feg 'a%bgixgteernﬂzemcp %?ahw@al 71 s Stbsanely dieciage as the
flﬁ@tr §e'ap sRafm 'i@(? re%&g?lﬁﬁ&lhecﬁélastgﬂg?g géatlsn272

I|mte tjomt e appreciate
@ae hnqztabdambr dﬁ4,zaiﬂmughs®]mdyl geam@ tqghadlegiaf)| suchas, dut not

BRHLIR.PTR THK SEHPY Pek BRoe pisdodie ralEovp 40 ey be

deB&ifHeB Qs 3Rtk B tﬁanoth@gékﬁﬁlg%ﬁrfﬁ&@ ©7853E 8 o¥ed 38the inside
according to the present invention. The indicating

Pt pllOéuqsm Ze8e assembls] (g 49? gomnain 80 & heastack afskeseabrings

t I eryice tooI
i§ 81% % s!eoprr?\ét?sé;ﬁgi)ysw aér?ﬁr‘ig§ Hlilﬁ 68%} SyStem, aff@els aprtecP to
seflirquty é‘@g davortidaost the vl hsseinbBB 202V Sfichi ;RIb@GRM 1ikii@A 1o, a
40090] FIG 1Ca illustrates a portion of the service

igl 1ol s eltbwill beoanpmﬂ% thag cack | redustion cone 23gembly 108
I QG lurality of collet
%ﬁ%ﬁa‘g!}ghég%ec&% ehls%%ta 5 uspalceé about an outer
portion of t he tooI asserrbl y 200. Thedcol let fi ngers
Io n rofile 294 | ocate proxi mat el y
(01 K5G F in h Sheglagiitedool cshiigaguroRloc 280 dbomal rhs
1§$Jrﬁ&ﬁféﬁem apbf?)qﬁ&fdno Qor?ﬁc ﬁgs%ﬂlblﬁallﬁﬁ ccéﬂdﬁ@ % r’%}éep Wresent

not" limte for exa sl'eeves co
lp‘mntlsn t Bhec irrdwtlsgj anoﬁflal Oshashe wlaag pefile 782 thdtaﬂbs&g a

CIrcgla‘uon VaIverH]be enrs)érlvfégstogl gsester% } %8(? V\t/hhe%t t’he completlon

system is changed from the “Frac/Set-down” position to the reversing condition.

[0090] FIG. 10a illustrates a portion of the service tool assembly 200 comprising
a closing tool 290. Closing tool 290 comprises a plurality of collet fingers 292,
preferably 6 to 8, spaced about an outer portion of the tool assembly 200. The
collet fingers 292 have a closing profile 294 located approximately mid-length,
which is adapted to engage a corresponding structure on production screen valves,
such as, but not limited to, for example, on sleeves covering ports, to close such
valves when desired. The closing tool 290 further comprises a detent 296 that, in
the preferred embodiment requires about a 2 kip load to displace the detent in a

downhole direction and about 600 Ib:. load to displace the detent in an uphole
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the preferred enbodi nent requires about a 2 kip | oad
to displace the detent in a downhole direction and

w@bwat13880 | bf . | oad to displace the detent i nP@mnUS2007/068182

uphol edi rection Also shown2n FIG 10a is a goi ng- down
shoul der 298 and a pick up shoul der 300. [0091] FIG
10b illustrates an alternate enbodi nent of the cl osing
tool 290. The enbodi ment shown in FIG 10b conpri ses
profile inserts 295 preferably fabricated froma

mat eri al having superior anti-galling properties, such
as, but not limted to the beryllium copper all oy

A 306 BRI JORE o A9FEoRR SARP RPN R
shaslden®(Cs . Addltlonally, and preferably, the entire

collet finger / closing profile assenbly may be
fabricated fromthe anti-galling material. The opening

rpooi] R ob @l?usq‘aég |a9%ﬁ§n9@|e%omnlrlénb ¢ Bf 8 Asas ffoBl %é(P Mhe

he ‘anti-galling inserts and rication o
esphadimensshown irf F16§&0b ¢onapresas popfiper mﬁertseZ%smeihtalb}y fabricated

ti t 0092] FLG 1
i Sebrat fmyiid Bt g e peorsieor sy, 109t ipited o
B0 4berftusOCopped IS dleikséd é)re\%’u?sﬂ}t ' 01Fh§ rlﬁy&‘t 95 Fnfy be

10a, the circul ati on val ve 302 al l'ows

phosisely dastensd for e b@llftﬁvﬁllg% 293} \sach tah rbwglhremdt §1s306s.

304 .and b
T R A
m#Ey bs efabricdidd |ﬁ®in Slﬁb’i@ﬁtl-%gl&ng OmétBgalt O(ﬂhe aspeRib! Mol Q)ﬁles
Circul ation val ve 302 also I ncludes a bleed path

dsrdosst belavipwilk ?ésoshezleﬁbﬁﬁné%mtl galigaiinserts andfog é«brfcamn of
HEPTLeSpH R gkt 20 RO TR M e
accurmul ate in the annul ar area outside of bl eed pat h

TG, BB ho dfisaen s pareesant 3 has e A oats 4 and
joge methe"Gtud B LGB RhoGkSH dltlY} 394, ht ge&{chﬁmoﬁ/%ﬁ%‘?iﬁz

of the closing tool 292 in ownward direction
allewatfiuié communécation &Ldrmlbebw thal wabve3Glroggh eorts A6, inglo an

th Slat %Sellcesg(gé "Hro u%n r’?s 304 and back into the interior of the tool
assembly 200. Seals 314 may seal annular space 308 to the tool assembly 200.

Circulation valve 302 also includes a bleed path 310 and bleed ports 312 to
prevent a hydraulic lock from forming when the tool string is moved up to close a
valve. It will be appreciated that debris may accumulate in the annular area
outside of bleed path 310 and ports 312. Tool designers will appreciate the
benefit of placing the ports 312 high enough out of the way not to become
blocked by such debris. Movement of the closing tool 292 in a downward
direction relative to the circulation valve 302 (i.e., moving the tool string uphole)
closes off ports 304 restricting flow though the valve 302. In a preferred
embodiment, the closing tool profile is selective in that it does engage or interact

with the autolocator 106.
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w@ewlilBa3i s sel ective in that

closes off ports 304 restricting flow though the valve
302. In a preferred enbodi nent, the cl osing tool

interact with the autol ocaBer 106.[0093] FIG 1lla
illustrates secondary backup autol ocator coll et
assenbly 320. Simlarly to the primary backup

aut ol ocat or shoul der, describe with reference to FlGs.
6a and 6b, the secondary backup autol ocator collet 320
may be provided as a conveni ence neasure for the

i nproved conpl etion system For exanple, if the too
assenbly 200 is pulled above the autol ocator 106 while
in the "Frac / Setdown" condition, either the primry

[PO9KUAGaitial itlasttatds Sdaondathe bacltupt NRoBERON Nl RGP 320.
agut ol ocator collet 320 all ows the oper ator to cycle

Yialarly de dhenprimget @‘fk%&ut@@@wt shauider, drgerihenwith reference to
}Q@@d?é Wfep %CS&COX?(%}}? back ol&cEﬁ?E&?e%@%QO %ﬁa%r%e Sovidsd as

not I'imted act ravel “pac
at cartmende, mt&smeciionﬂieampmweﬁammpdmrbﬁmmtymZ%r eﬁzﬁdple if the

AR DL AL ho S Bl Tl oo
ch%ﬁéﬁl% él@l‘é}‘%ﬁgﬁmﬁgggé/&bgggtokﬁﬁﬂ glgoa(defr' SISf\écondary

profil eeve
bﬁsblpmwtek)caﬂqe caldn‘tcﬂwccdlows theapemr 13 ycatthe indekingv@ytem

‘ Lf | | 292 failed t
et R e R Eciditian | e a5t o iy, suehas. but ho
156Nk YrabRsiky Br %?a@el%dckmg Qﬁhﬁﬁén@ thdt lzc?mﬁl%ﬁb‘ﬂ [P a&eR¥ly

regi stering a snap ou | oad of about” five kips as
20Reancbsnesificatiy c@amumlezwg nhay beealied glpﬂm»ug[l d@oaitolbeaBor

Ingl I 1.8, r.ef ed nbod

08 c%@dﬂg r%/n%aélé %u pasuzgﬂf) %}t%rcg)f % oug e]IeFVeet %@%Mpgmg%ly Riglile

]JSQf tAﬁ)Géscﬂb@tMH(bge sthe ekt dig skewe 18U hodekOtht RutolRator bearing
k- Up" position; the niddle drawi ng shows the

13§é>é¢r8f yheaway and i@ recrasnl §2q I dhsnelpsing ﬁpol 3R fauhad to engage
Hgt@ﬁ%gé Ehquﬁy\”o@tgslé vg%ﬂt ﬁk@ g&%ﬁg@l %cﬁgno%id’]whp H,c]hcate this

sheared condition un-1n on
acolrreice by registesing p ondpetiirdugh beakoflyboB2fiveakigs s thgldolet 320
deflect t of %? way. \Wien the systemin the

H1el13ear1ng

[0094] FIG. 11b illustrates a preferred embodiment of a secondary backup
autolocator collet assembly 320. The leftmost drawing shows the assembly 320
in the “Pick-Up” position; the middle drawing shows the assembly 320 in the
“Run-In” condition; and the rightmost drawing shows the assembly 320 in the
sheared condition. In the “Run-in” condition, the collet is not supported by back-
up 321 and is able to deflect out of the way. When the system in the “Pick-Up”
condition, the collet 320 is backed-up and is not able to deflect out of the way.
The backed-up collet 320 will carry a load dictated by the shear strength of
shoulder 333. Shoulder 333 may be set of shear screws, a shear ring or a similar

system. In the preferred embodiment, the backed-up collet assembly 320 can

it does engage OPCT/US2007/068182
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condition, the collet 320 is backed-up and is not able
to deflect out of the way. The backed-up collet 320

wowdo/1sas4y a | oad dictated by the shear strenethusfo07/068182

shoul der 333. Shoul der 3333may be set of shear screws,
a shear ring or a simlar system In the preferred
enbodi nent, the backed-up coll et assenbly 320 cancarry
about 60 ksi. This load carrying capacity is

beneficial if debris has foul ed the autol ocator system
106 and nore load is needed to cycle the system |If
the autol ocator system 106 cannot be cycled by the

[ A - i th. 60 o l. 333 will
Gty BonB 8O RN Vhif R ¥abrPind talilcy ib Penchif i b s Yoo
tbacahmdbozlmr agsterr K6 aiﬂf?gmt lclmd isi HeRdetb R %&%phlg_csgdeml. If the
95 SO S in a I.s a_nock sliding sleeve
Aelocher iR 04 Tronat bty Lo soHFgsesna 28 Taipo Qe
oo i nit ol L | ‘ E
8 ShAUIN A8 Yl AR T ahd el AL STBNLILIRGBEHEdih B be hacked
upt anglrfigerdefiectait e dedgi®@dloass . Once t he opening tool 330

has been activated (as descri bed bel ow), the nock
sl eeve 340 may be used to verify that the opening too

895]haRo isREeR Gn IPEEN] BCHsi avab&d slidifd &@évesﬂg){‘gﬁﬁé‘m%l:@sleeve

ie is opening tool assenbly 330 di spose
HOrhsts étapsping psofilg 342 ahd ys poGIly Sinrietl de thedowensésh graduction

[ tool. 3 Qnpri ses .a ralit f o
R IRY 5 nsRpiod Tt TR ¢ G Sl i el Bl
Kipy. t iOne ahe bpenih® Wol B3I | Hee? Qbtivaldde(as Aek@tbell RRUSY)S the
332 have an opening profile 334, and preferably a
gReketleq v S 4P masyi heaused é verely thas theosneningapyl 330chas anvdged been
RANdar@glapt ed to engage a corresponding structure on
proJuction screen val ves, such as, but not |limted to,
for exanple, on sleeves covering ports, to open such

IB7AiSholitci HIF LHE oasie ol sy g0 chepried on completon
TS a5, bty DS GASOREL 207 ting 1061, SR Boffices o
enaliyesf collopBn®:883 3 pref@@blyd] tt 8, \spaded abowt anpmitéri pmintion of
the tool assembly 200. The collet fingers 332 have an opening profile 334, and
preferably a selective profile, located approximately mid-length and adapted to
engage a corresponding structure on production screen valves, such as, but not
limited to, for example, on sleeves covering ports, to open such valves when
desired. The opening tool 330 is illustrated in the “Run-In” condition in FIG. 11¢
and is deactivated. More specifically, the opening tool 330 is coupled to
nosepiece 378 and is slidable between stops 338 and 336 relative to tool portion
339. The opening profile 334 is pinned inwardly to tool portion 339. In this
deactivated condition, the opening tool 330 will not engage a corresponding

profile to open a valve. In a preferred embodiment, the opening tool 330 is

pinned to the tool assembly 200 by shear pins 337 having combined shear
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339. The opening profile 334 is pinned inwardly to
tool portion 339. In this deactivated condition, the

we@p@nilsig34 ool 330 will not engage a correspondP@mUS2007/068182

profile to open a valve. IB2a preferred enbodi nent,
t he opening tool 330 is pinned to the tool assenbly
200 by shear pins 337 havi ng conbi ned shearstrength of
about 4.6 kips. In the Run-in condition, load is borne
by the shoul der 336 and not the shear pins 337. [0097]
As wll be recalled fromthe general discussion of the
i nproved conpletion system if it is desired to run in
r t [ f t

HonBntabo 46 s, 14 HeR BB BREREn, Ral {hddiEby fre shoulder
Pocadebi the shes @ins|337108 whil e hanging of f the rig
fl oor. However, regardl ess of when the tool assenbly
200 is runin, if the opening tool 330 is not

tAyalgd wdu Nyhel r I :
DO AY 4 Ul it B BRLGR! BF B oy
qomnleimrsefstem,(-\fﬁlers desicdd toalv én 015 a oywek stwiing i és mpfer@t o run

e direct t.0, use .t he cl osi t ool
% Sompf265h ol et P Bto B Jeeumiest prevle gesraoly 108
IR RS ThehigirgOsH t1R3Rg it of. NHOWERAN RizaiM4E D WHER théM¥iof BsseMbly
turn saves noney. The openi ng tool 330 may be

208tis Wiltlédlf mﬁeqpeﬂm t@@rﬁépes n@reacsivhted duengryn ipbe normally

FRIRarTLbOon RGP o A Gl o0 T DRI Febobper

eEblealiza i4 bpdeJ tht efpeﬁtd@qmst veRle dirdefbd BMuRSHE MYsihgliBdl
activation assenbly 122 for

80D 5% He arprOVRE E% Sevspuggaaoeton 50 b
350 Fnleﬁ g%/‘}ie% gmg"’s Bﬁﬂ‘%ﬂ Yr} ty o n g ers S@%Do& %H Pﬁéﬁ? ﬂp&g’ybe

dotivated mlmnoﬂnenﬁdmﬁ&cﬂorﬁmbl Chssérably 3T baguges itli@ﬁ)peﬂ' ihg tool
oxi nmal e and eferably i s shear

oliFaiot o5 mbIL] B e pgab, Byie stk e dsbese] Sa88 by

shear pins having a high strength, such as, but not

limted to, for exanple, about 24 kips. The di st al
(60984 EIGnd2nIélyStrat¢\Sew etide of hlanttopi assenhbi}olf)h(eomprlslng an

dg)ﬁlgigg Cttob gct?vséfcion asXemlbqy ll}lit foFr) rues];e&fl It%e %&pg)uvg com etlon

system. The activation assembly may comprise stop collet assembly 350 having a

plurality of fingers 352 extending between proximal 354 and distal 356 base
rings. The proximal base ring may be and preferably is shear pinned to a sleeve
360 in the bottom assembly 108 by shear pins having a high strength, such as, but
not limited to, for example, about 24 kips. The distal base ring may likewise be
shear pinned to the production assembly 108 but preferably at much lower shear
strength. For example, in preferred embodiment, the distal base ring is pinned at
a shear strength of about 2.6 kips. In the “Run-In” condition, shown on the right
half of the sectional drawings, the stop collet 350 is biased inwardly by land 358.
The sleeve 360, to which the stop collet 350 is coupled, is biased by spring 363 in

an upward direction. Sleeve 360 is shear pinned to a ring 364 by a plurality of
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strength. For exanple, in preferred enbodi nent, the
distal base ring is pinned at a shear strength of

w@bwati3Ad36 kips. In the "Run-In" condition, sShP@IUSIV07/068182

the right half of the secti3snal draw ngs, the stop
collet 350 is biased inwardly by I and 358. The sl eeve
360, to which the stop collet 350 is coupled, is
bi ased by spring 363 in an upward direction. Sleeve
360 is shear pinned to a ring 364 by a plurality
of shear pins 366. Ring 364 |imts the anmount of upward
travel of sleeve 360 through reaction with shoul der

. milhOGaked O] f '
R RP nebr T RafE, 3P Rt B EleP orhffal] BRE oiSdeht 0
thxough gedtfom with"sholddere3g8aricebied oniangodnal bsd Giati’inbﬁ El Iée\ieo?o
dnwardly.into t interior of production _assenbly 1(
16;?“6&‘9#‘1%@ §lﬂgf32§eha§’in§. a P[}@@@y of Jugsod A e Duriag s Bupilae the

or . ,

R R e R TR S ARD BBy
198oyrdamyming Surifacel3gder ed i nto the conpl eti on assenbly
so that the nosepiece 378 contacts the lugs 371 and
drives the lugs downward into the recess forned by
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o8 208 e Sp i moffong 377 By SOEBaRA NN 350 il
damavwaid ploxemednt oft the rnlememgg?s %ﬁiﬂlsi ?ﬁ SIS gk 85 a|sh%1i$§ the

by t t . ce nosepi ece
%%algﬁ%ée@/& 336 5009 B Sesie 36 dreyse _ I sdleisissta fe
pPORRYEN 38Rnitly TOY SinH RWRIRLKes! &g{ﬁb%az(r:} R ffhe leftmost

expandabl e ring 370 i nwardly again retrieving the
cssgysestiogsoff Flém 12e c@sce the 3top] @diz08J0 hisebeearsheared fieolat the

cﬁ‘ssfglennri%l %6', ’Fnerlﬁftgsr ?ﬁt a?rg d?srﬁijacgc? s Ire%gses 3%8 ra.tnld ?}Tesnogsz ?s allowed
to pass by the stop lugs 351. Once the nosepiece 378 by passes the stop lugs 351,
the spring 362 causes the sleeve 360 to move upwardly thereby camming the

expandable ring 370 inwardly again and retrieving the stop lugs from recess 353.

[00100] The service tool assembly is retracted and nosepiece portions 379
contact the underside portion of the stop lugs 351. Further uphole movement
causes the opening tool assembly to slide relative to the tool assembly and the
opening tool is deactivated by shearing pins 337 at about 4.6 kips. Further uphole
movement of the service tool assembly causes the stop lugs to displace into recess
355 and allow the nosepiece to pass by. The nosepiece then contacts the

underside of ring lugs 371. Further uphole movement causes the ring to shear



15

20

25

was®enplig4to slide relative to the tool

contact the underside portion of the stop |ugs 351.
Furt her uphol e novenent causes the opening tool

the opening tool is deactisated by shearing pins 337
at about 4.6 kips. Further uphol e novenent of the
service tool assenbly causes the stop lugs to displace
into recess 355 and all ow t he nosepi ece to pass by.
The nosepi ece then contacts the underside of ring |ugs
371. Further uphole novenent causes the ring to
shearfree at bout 8 kips. Once the sleeve 360 is

f f r t
PRe R (3. RO Qetensh0 i MRab A Ot E R i Yring
I62gpaintainsaéhe Bughge §17 DO kjopAlgd 54 Hotheir tespgekre x;‘baeslsés.
an additional seal system 390 conprising inverted
nol ded seal s as descri bed above. These seal s may be

WOR1Y! i f ARE sREGSRUFTE. 12%¢ a@éﬁﬁmﬂaysé‘aﬁgsl gf(@dqéﬂnqprlsmg

pressure. In that event, the | owernost ] ol nt
investedemplded seals| asadeseribridyalzpe. rrﬁlyesb@ehlevma;edbetueﬁﬁgﬁglm

t th | et
e S PR B o3 0 Sad, TSR SBe
joimedn tiee deydcatdol ERkmplyaX0i0i nayf Be Rﬂve@&ﬁ‘t’é' dhgagdcOBls seal system
[00102] FIG 13 illustrates a preferred enbodi nent "of

ta prespreh tesg theowrll eesaplation syseon. uhisp. asideseribpd belom, ghese seals
ﬁfd' B’eq%a‘?{b }E?%Qﬁ{c fg&lvg{%eanrgg,n@g?&&ql activation

escrl ed a erence n are used for
simlar structures described above. FIG 13 shows the
It will

lﬁﬁf‘f}hggrg%ﬁ% l%hﬁ fSﬁtr%etg% E)élgjl‘re i d\qmb C&d@i\ﬁ%{tlt q?fgﬁn opRRing tool
a@%l@%?}%ﬁhzﬁé %ghl%gg& Q&?\Qt bﬁ“PQﬁ%l tﬁ L trﬁgch%].g%l z{%?gXt on

ear escri ove
debaribed ssbotd.y R3@@ena mhmlmdrs jard n¢edofor tsheilaestiicteest dskribesl

i t. of t I tat
oBPES s 14 PoNS che bnratieclonl G By ol el Frowile
WRaBRdo b it rIﬁe e ‘P&fn—ﬁi@ débnﬁﬁi‘iﬁ'ﬁr 'tﬁee%pﬁmﬁg atBolSS%(‘} g¢ ﬁ%d

conprising a plurality of balls, suc SI X
igivandbt orthe taol hody §3% b)é ellleab ainis 38@asi d@g@nb@c :aboxTeh ech adtivate

tﬁ?xisgx%b[}' #(fbs ag%ltﬁ ﬂla t}%)Od%Vlf% oo? lijsCfE)cate 1n a set ott fn\olgrted

seals to facilitate pressurization of the assembly 300. In this particular

embodiment, the tool body comprises a seat system 500 comprising a plurality of
balls, such as six (6) 3/8” diameter stainless steel ball bearings 502. The ball may
be held in the tool body 339 such that a portion of the balls 502 extend into the
tool body 339 passage to form a load-bearing seat. Adjacent the seat is a seal
system 540, such as an elastomeric molded seal system. A predetermined
distance above the seal system 504 is a bypass/blocking shoulder system 506. A
pressure-blocking device 508, such as a stainless steel ball may be placed in the
work string during assembly such that it is captured between the seat formed by
balls 502 and the blocking shoulder 510. It will be appreciated that downhole

flow will cause the pressure device 508 to react against balls 502 and to seal

assenbP@T/aRZH07/068182
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web@stsmes i ¢ nol ded seal

tool body 339 passage to form a | oad-bearing seat.
Adj acent the seat is a seal system 540, such as an

di stance above the seal system 504 is a
bypass/ bl ocki ng shoul der system 506. A
pressur e- bl ocki ng device 508, such as a stainless
steel ball may be placed in the work string during
assenbly such that it is captured between the seat
formed by balls 502 and the bl ocking shoul der 510. It
w || be appreciated that downhole flow will cause the

3 | 3 .
s ten 58 Hhdensessh AERIRheRal S RE3RNAn
thérecap b wacteagdimst eckingstoaldet 510. oflbwevee, topass c@nduitseAiy
agaj nst. . bl ocki ng.shoul der 510. However, bypass
L@gﬂ&&f‘{lgcwc Wbl e f1uid comunication. [00103]
Those of skill in the art will appreciate that the

hédraulic pressure used to activate the opening too
[8603)y r ealdtosenf sigHiimdhe arhwilp ppreciate thiethe bydi@8icsprossurk

BRI PGB FRT 30T SHE S 0T ol Y Rl
shbald b&1gesRr BAS URE pr&ssde! hatdb® 18 *PaRE iSARIY pXeiseB the
i f used. Pressuri ng@%gal nst the pressure device 508

reedpciion Zeng asspmblies antkless then thepreshiee tpectivaty & shdaptsafety

<SRE03F E o A RtroBRE g I Brsbni (el DR Eaed R

maveinent batween s bpeidg odlleE3E) ahd thd fdl ®REN 399 sh&lPthaB B
downhaol e and uncovers debris port 514

tivel e
S ?ﬂ\:{fel?slgsr S%%@gqu&t%ﬂ ek the; enening tael; i cactivatedhe In dhst pastienjar
. | . ot <
R ¥, Sy DS B APe
whebwers dehniypoltr Dl aydnlovged oltd posiBEDreldtBO 10 e foblbodi4339

i I.lustrat . test nbly 400 itable for
Y bTHE Ry e B SRty @y b e 3t
Witibh HAOP 16 REBIshiP SetidisRiVE El%?éﬁénﬁfé%o‘ﬂgt fipyi ce 402

across the interior of e conpl etion assenbly 100.
The pressure bl ocking device 402 illustrated in FIG

[&&l(ﬁ? y COmE! 3% iﬂug}a?esésa %Iressgure test assembly 400 suitable for use

with the improved well completion system. The test sub 400 comprises a
pressure-blocking device 402 across the interior of the completion assembly 100.
The pressure blocking device 402 illustrated in FIG. 12 may comprise a glass disk
having a bursting strength of about 2000 psi, or about four times the pressure used
to test the pressure integrity testing of the completion system prior to running into
the well. The pressure test sub 400 also comprises a check valve 404. A
preferred embodiment of the check valve comprises ports 406 to allow fluid to
communicate from the annulus exterior to the production assembly 108 into the
interior of the test sub 400. However, a rubber bladder 408 prevents fluid in the

test sub 400 from communicating out through the ports 406. The check valve

system A predet er m nedr/us2007/068182
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havi ng a bursting strength of about 2000 psi, or about
four tinmes the pressure used to test the pressure

WO paoggsiisy testing of the conpletion system prPOI/USINOT/068182

running into the well. The3pressure test sub 400 al so
conprises a check valve 404. A preferred enbodi nent of
t he check val ve conprises ports 406 to allow fluid to
conmuni cate fromthe annulus exterior to the
production assenbly 108 into the interior of the test
sub 400. However, a rubber bl adder 408 prevents fluid
in the test sub 400 fron1connunicating out t hrough the

The che val veal | ows |1 uids . to ente
R il O, <SCE B Pl S s e aef g Toine ot
théeig flogr Shrd Ry malks Jflg make up. [00105] FIG 14 also
illustrates an indicating collet assenbly 125, which
may be attached to the distal end of test assenbl y
The i t
89T, IR T LRPURRE of o e SRR A6y, 125, which
thayube attacted acthe fdista) end miﬁyeshmanfhlly 400d|’Idﬁt1ndllgattﬂ('ngfolllle’§125
414 t hereon. i cating p ofiles 414 are aapte
TRy SHRRRSISE R leraﬁtYrcé‘Qﬁlsﬁv 4d i te h a3 dubotlifaitaddo; wr.gnd each
[
PR S op NIRAGAEROT A4 el TRRAIANE RO 414 are
ddaptdd tf srap dlrbugldrdentog gtide Bo6 b thecdogtoimnali tha tuemg badket Hﬂw

ductlon S ly i.s corgect] ositioned in th
B 416 afgg]dg’?ﬂf@ profifes | 414, 418 cadapied Jp apraride e snap
tﬂl%%gh Hi:ye ‘P&d3318 af)&[t Id‘fklp%efov p6&titdp! 1n@i§§t@ n'tiﬂhty th%oﬁroﬁ§@tﬁ)n
In the enbodi'nent shown™ in e nose
qg$e@déy m«vpneptésepoatlwdamﬂl@ wadlhtirerg syst em 748 for
facilitating rupturing the pressure bl ocking device
402 (FIG 14). The dynami c | oading system nmay conprise

[60106] 750 HigyilBgllgstians deprefbrred Lh@bve pRec€ TP Ysr thEdervice tool
poi nted surface for contacting the pressure-bl ocking

aﬁ@xmbhé 20@B8ec e bin Ingw qmbadines ghewn in HG 160ty nosrapiece
‘% trclipﬁargfcnloacﬂn &eIﬁXﬂ%l on%f%c?l tgﬁl%m%gp% fhﬁ Bressure

annun such
Hlamkﬁngdldque 4(}26(Fm}n1435 (The Slyﬁd]ﬁlﬂ NogimnsBteomap @omptlye a pin

%Opﬁa%gn%rgﬁlardened such as carburized, pointed surface for contacting the
pressure-blocking device 402. The pin 750 is housed within a body that permits
the pin to move axially, or stroke, a predetermined amount, such as, for example,
2 inches. Initially, the pin 750 is shear pinned to the body. In a preferred
embodiment, the pin 750 is sheared pinned 752, 754 to a load of about 4,000 to
5,000 pounds. It will be appreciated that when it is desired to rupture the
pressure-blocking device 402, load is applied to the service tool assembly and the
pin 750 contact the device 402. If the device 402 does not rupture immediately,
the load will exceed the shear strength of the shear pins 752, 754 and the pin 750
will dynamically stroke into the body causing an impact load to be imparted to the

device 402. If the device 402 still has not ruptured, the pin 750 is now back-up in
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enbodi nent, the pin 750 is sheared pinned 752, 754 to
a | oad of about 4,000 to 5,000 pounds. It will be

pressure- bl ocki ng device 462, |load is applied to the
service tool assenbly and the pin 750 contact the
device 402. If the device 402 does not rupture

i mredi ately, the load will exceed the shear strength
of the shear pins 752, 754 and the pin 750 wl |
dynam cally stroke into the body causing an i npact

| oad to be inparted to the device 402. |If the device

0 8030 ot HE el Bhe HEHLRE o Bt Lragprn ot BBE Sy
Iﬁebémtel.maadmg @&dcd 402t he pressure- bl ocki ng device 402.

[00107] Referring back to the general discussion of
t he use and operati on of the inproved well corrpl etion

m o e
BURAT 058G Bkt SRIRGER) AR AF 5P SEL oG
of rlhdﬂ improvhd a&llb&yorﬁ]bialﬁ(brﬁ By's&gn tdire ghﬁS&lleoiiipIdehsystem has
nosepi.ece 378, the well | etion system may be pla
heRR fisde B AR BiseRte fratedeRtil (B RS ER tsapassemply oppn. such as by
HERIA e SO S AR IR Sl g0 10l e
nlangdntthe welldbpre ampedchezone sevjuantially ¢rirendoonlyl cetripdeted in one
4§§%§ngué 100 on the actual production tubing. It wll
r'EBi at ed that these enbodiments are benefici al

for control line applications insofar as the conpl ex
and sonetines problematic control interface at the

[BOHIct i orApaetke prevaeushie seme rembadiseenty of ﬁl@d}rcseuhlnventlon
FAOLAR R P PSP Lt S

taiap! gt Wolh bacppieciated thhiGhestberhbddirabritabRSbetRficiAP & JER{Rb]
of conpletion assenbly 100 that may be run in on

Ineoernlicaagns: mspiay asme acommex 28d csomefimes problgmetie copwol
iffeffadd 8%he $0uct %\Fp di@f Uﬁ‘% lr)]cg ?11&1&8‘«:‘8;9’ Iﬂrhgdmbfunamg in on

assocl ated contr I nes are cou
mochfoaoa Iibing eldmvsahillywelttord Bolafiow dudig abspatKbr all fiRaskyof

con‘ﬁ))lietlon atctlelty FIG. 16 illustrates an embodiment of completion assembly
100 that may be run in on production tubing 810 as the assembly is hung off the
rig floor 800. The production tubing and any associated control lines (not shown)
are coupled, preferably removably, to the production packer 102 by a production

tubing seal assembly 820.

[00109] FIG. 17 illustrates the completion assembly 100 of FIG. 16 after it
has been run into the well on production tubing 810 and positioned relative to the
sump packer 840. The production packer 102 has been set by, for example,
control line activation. The service tool assembly 200 is illustrated run into
position on workstring 830 to treat the well, such by Frac packing the lower most

zone. The formation access valve assembly 114 is shown in the opened condition

is desired to ruptureCT/082007/068182
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whe@n/1susd i nto the wel |

tubi ng seal assenbly 820. [00109] FIG 17 illustrates
the conpletion assenbly 100 of FIG 16 after it has

positioned relative to the3gunp packer 840. The
production packer 102 has been set by, for exanple,

control line activation. The service tool assenbly 200
is illustrated run into position on workstring 830 to
treat the well, such by Frac packing the | ower nost

zone. The formation access valve assenbly 114 is shown
in the opened condi tionand the ports are aligned with
0, | pi
ot 58 ARl A0 B e LA MR ALY
mtmmiguhe pll%kl(B:tlothcrdeh usderblye 520t fﬂ@n&lj@ﬁrﬁﬂhﬁhm 1 $ilinkteates
67 in mh | ower zone has been isol ated and an
ﬁﬁ%ﬁleraé %WP én E:é ng’ i} 8dichthe fower zomeihag been isplated and an
0 r
L Fie S bBIDE Hedtel O G BN A0 bl difrom 2 lower
7000 farGhe ¢ampletion fysteapidlustcited MIGISaM ruB8ning in an
enbodi ment of the production assenbly 108 on
production tubing rather than on a workstring /

[@e110]ce t aplwilBpe b peReitdde thdt nruﬁﬁhg N aff "BABSINABRE SF the

such as when one or nore control |Tne conponents are

niedugtion asemipnifiSeon qwmociwgore rmbing ratRenthaot oo wotkistripg /
.more reliable,control |ine

s Ref bl "% B80T in AP SBrorfronl wEh R oM e gimore

cdnttolc UAPlcempeadiis ale LiddeinC RN&mplI&TbrAkystdh® 1000dPfdduétibn
packer. Al so, these enbodi nents help to mnimnze

tF'é‘F&a‘ﬂlFldﬂ dlayess gasiert apgb more sgfiphle b@nérsbrlélél eanaigctiangt and
SREGE i GANP IR iR DAl TR OPREE EShelid at the

contro | nes, er e | ng e nee (
moductioy pgekent i Alsow thdfseaembdidimemst belp. to fmidBsizé edrmation

back-up or energency operation of the control Iine

BRI Hmsn 15yl B Aprerioied dist She. ntine SPAHOn &6 DA ey
1 | t

d&%%*%@‘?%%ﬁ?h‘éﬁ?s eI IRRY e el T Bt bperation

witlsz basied toaly éidesved; batkrus er prergemy apkrasion lof thercohtrel line

c%{ntpletion system with a service tool may be provided.

[00111] Returning to a more general discussion of various embodiments
incorporating aspects of the disclosed inventions, those persons of skill in the art
having benefit of this disclosure will appreciate that the original service tool
position may be known from the original service tool dimensional space out. For
example, for those embodiments utilizing down-to-open sleeve valve designs, the
open-only shifting profile or tool may be, for example, about 21 to about 23 feet
below the lowermost sleeve and the closing profile may be about 3 to about 5 feet
below the sleeve. A preferred distance between the opening and closing tools is
18 feet. Thus, the opening tool may be about 18 feet plus about 3 to about 5 feet

below the lowermost sleeve. To open the sleeve, the shifting tool can be raised to

on production tubing SROT/ERZH07/068182
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the original service tool position may be known from
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exanpl e, for those enbodinmBats utilizing down-to-open
sl eeve val ve designs, the open-only shifting profile
or tool may be, for exanple, about 2 1 to about 23
feet bel ow the | owernost sleeve and the cl osing
profile may be about 3 to about 5 feet bel ow the

sl eeve. A preferred di stance between the opening and
closing tools is 18 feet. Thus, the opening tool nay

t b bel
RSB omkReRSjeoD: R 308 Diwhitaitieytert BElbe AR og!
thumlgl hahe skeeve a;iilg efen dee ﬂteaieg [ ﬁ pmeﬁu\tih_ e esifg ;ﬂﬁq}lq@ tslﬁb@, t}rl]e
eeve. r vement of the shifting too rou
fpﬁ@t%q @@%%mﬁasur&ggﬁ t[IE gloging sputingripoh ﬂ@‘éﬁgli*ﬂt o sshelg ghe
d&e S| ’Pﬁ‘é’?ref&?&i 91[5’&%[11%( %l‘lovl?ke §6buP gy féeE%F' rxﬁ‘oJeEr@ht ©0%re the
| 00 el ow t

closing shifting oes not nove e sl eeve.
closangtool egaches thpalteng Bidfowsl @lemtiond 8omprite i simpihenopeh-

B ifir o CishaoRCa e HRGT £ et BRSIshe sioevs Fiq WgPOBBI
deRvmadiut 330 hB&It 3 RIS the §1681k tBRBYUR it rﬁ)gﬁﬁlﬁﬁ:vx%ﬁfﬁ%n

dropping it down about 3 to about feet bel ow t he
of|aaeapsneb slepienvalye mply de btainedvisr ¢1bsing thieoannotus and pueping
ve .may _ bhe obtaj ned cl osi ng the annul us
U b BB PP v RSP Egiun cat  on
wth the perforations. [00112] The upper gravel pack
osition may be found by |ocating the autol ocater
lﬁ%ﬁh e athgcwener tgsaveh Pagl (position hmayg devioyad thyolocating ithe
y et i sol.ation
BN PE TS SB0RY 1 BLOG RS S PEP VB B UG A ol
lecaged jubtcbove thedsolsticnaicker. Prefuiablyd tHAtdl6cabd?@Ullet3oAAE)
Ib..?verpghl indication when engaged qﬁ t he o
LtBYyrioets K pmpie aboyttl W0 pabapt &40t & oveipylligdiestion
Wﬂeﬁ%@éé&%ﬁtﬁ@tau@&a@& pré¥fleS ?t,ri%’ P&?er[‘é?iQhattt SQUER J gﬁ oint
assendbly w'l|l register "a significant welght incre s
that movingctbe sEhiiee Wil thtough che assembdy waticregisaes 4 kignificant

T AR R R
profile engages the corresponding profile on the autolocater collet fingers. Once
the designed overpull is exceeded, the profile may snap through and will continue
moving upward. This tool position may, and preferably should be, verified by
comparing the indicating point with pipe figures. Once the profile has been
pulled through the collet, downward movement may allow the profile to push the
autolocater collet downward causing it to move to a supported position. This may
create a temporary restriction allowing the collet profile to shoulder against the
top of the collet and support set down weight. Picking up again about 2 to 3 feet
and then slacking off indexes the autolocater collet to an unsupported position

allowing the service tool profile to pass through.
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t he designed overpull is exceeded, the profile may
snap through and wll continue noving upward. This

by conparing the indicatingopoint with pipe figures.
Once the profile has been pulled through the collet,
downward novenent may allow the profile to push the
aut ol ocater collet downward causing it to nove to a
supported position. This nmay create a tenporary
restriction allowing the collet profile to shoul der
against the top of the collet and support set down

i ot . Pi gki [N 3 f en.
LR g o P Aisele SR iRl pbich, iF oot B Pied
upnsi pbout ad, gbsto tabout 8:000dwiomerptithés meed/atcarfhaol T}ﬂs{]@édr;bwll
to pass .through.[00113 pl ace the systemin the .
B B O VBN et ohily T ls ulee Spln Sl4ek b eisht

t . i . r .
R R S R o [ i
doubf a9 ® the tstrvidegoclopdsiton, Shward dlf maye behpplisdytotthe roobe If

(B8 Foin. Be pOFiAPoMIE A terlY i Sub{RBEEEEH. 0G0 1
shosldtiea@quitdnalr dhdtdbol isRYorRRIPPBLiLSALE thekdshdulPbe nb flittle
the tool is in the correct position, an overpull of

tapetioverpulbouired shen pickneoan The ted audydbeprscyaderliay megessary

g 0 .S rectly positioned, there should be no
tf):ﬁfstu%eeﬁjtogér gfﬁ%\g{éﬁgpull requi red when picking up. The

tool may be recycled as necessary to insure proper
B sitionigg. [00114] One in this position, the service
PBHY4] pr ef dPneoig thisr Besifians theservisge faod dorefembly stiaddles te

i Arse A0 bbG %I\Q’ J{al 5 éca{nﬁ HelbW ﬁle;‘c?%sgl}é glgév%mﬂerew gtr’%e(itirygly

effectively Is e slurr across
isolatingcthe shumy pokteewmss {ioubtha §Fraerdhesing deevey Tabinglpeesssrednay

to test the cker, inverted gravel pack seals, ..

no¥ f)ﬁ Edrtp gt gbmck?row,ve% gipvel Pack seals sgrigedoolnmeadition,
. Ol . . _

B e e bant T0oPDoY R e el it 480 A wlefbus in

csess oof abaviit i0APOROIbk making dhams seisalile der dsé loh Bddting work

platforms RIS ships or semi-submersibles.

[00115] To open the Frac sleeve, the open only tool may be pulled above
the sleeve and moved back down through it. This is preferably accomplished by
straight pickup and set down movements. The approximate distance from the
autolocater profile to the autolocater collet may be, and preferably is, known as
well as the distance from the autolocater collet to the closing sleeve. For
example, the service tool may be picked up about 48 feet to place the open-only
tool about 3 feet to about 5 feet above the Frac sleeve. The tool is then moved
back down and cycled back to the Frac position, thereby opening the sleeve. This
opened condition may be hydraulically verified by pumping down the tubing and

either taking returns up the annulus or pumping into the formation.

and preferably shoul d be, Per/ivbioet06s182
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[00115] To open the Frac sl eeve, the open only too
may be pull ed above the sl eeve and noved back down

strai ght pickup and set dowm novenents. The

approxi mate di stance fromthe autol ocater profile to
the autol ocater collet nmay be, and preferably is,

known as well as the distance fromthe autol ocater
collet to the closing sleeve. For exanple, the service
tool may be picked up about 48 feet to place the
open-only tool about 3 feet to about 5 feet above the
Frac sl eeve. The tool is then noved back down and
cycl ed back to the Frac position, thereby opening the
[60EKSle. THIsloopterthe roversdigokioion,hy the hasdbapickedp vbout 8
verified i ng down the tuhing and ejther takin%le

punp

Tt tqrapeuy, E%f f¥re LRGP dRe SRy ogh #RYVE b tapnigverted seals.

> | ‘ . i
RO L A e | PR g fial UL SEp B iRl e
iplsalatedtdueing remersingaperatiinsVEhi¢ pasiticpmaynbehydraulioaly serified
The | ower, section of the service tool %referabl y
Y QRHRRIGE e dhe apAw Ui pa moriering TRBER Ynghe fuiag) af ed
during reversing operations. This position may be

hydraulically verified by punping down the annul us and
[AOH A or i ngla elase s slggve,hihet clbsing. shiftiog 169! Shoudd dwe palled

| ee the clgsing shifting tool should be | 1.ed .
Bl TP e Rk LS SR ol M b B e 0P i
inRYbelsy thenowest Klee\tap bBiniglcldstd.i €1d3RgAWadddgplioN&ISy simply
sl eeve top_belnﬁ closed. Cosing is acconplished by
189ipg therpgiMirgtop %owlé/rtbmyghttl@osleeéfpomowenﬁsrngx@wltcn&y sleeve

SR B ARG U YRS AR D

systetngeésstifednteystyeipaipseths Girmatioh.egri ty agai nst the
formation. [00118] To open the | ower screen-w apped
sl eeve in the next proximal zone, the autol ocater

okt L Paba e el i SLSLSHERlf g
Zooewshe sutplweatemindjzptioh pdisemey be hbedos guefdrdrice ne detatmine th
s]éf\%c%g cg)l 3@)%‘1‘&0&5 fPergtIerafb[y? t tem%wteg %c%gn-twhrgppaeﬁt gilegv%atw?lli “be
positioned about 3 feet to about 5 feet from the top of the autolocater. Picking up
the service tool abut 55 feet should place the opening tool above the sleeve. The
service tool can hen be moved down , preferably about 10 feet to open the sleeve.
The service tool may then be picked up to the next convenient connection break to
allow pressure testing. Dimensional space out is not critical as the preferred 18

feet spacing between the opening and closing shifting tools allows a large range

of movement while still correctly functioning the sleeve.

[00119] Embodiments utilizing some or all of the disclosed inventions may
be designed for simple, user-friendly operation. For example, tool positioning for

treatment may be easily mechanically identified and hydraulically verified as

This is preferably acconplished bRCT/US2007/068182
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t he service tool abut 55 feet should place the opening
t ool above the sl eeve. The service tool can hen be

worewedsdewn , preferably about 10 feet to openPth®EsS2007/068182

sl eeve. The service tool nmay then be picked up to the
next conveni ent connection break to allow pressure
testing. Di nensional space out is not critical as the
preferred 18 feet spacing between the opening and
closing shifting tools allows a | arge range of
novenment while still correctly functioning the sl eeve.
[00119] Enbodinments utilizing some or all of the

[ (N | haned for sinple
uaefabud,YoduP iy B RE et App RSB Y et oy
weightt r/epieferdd, simplified eparationaipaiadiire alaly\ompeird: i1 iSebsump
and h dra%lically verified asdescri bed above. Position

RSP RETOFRLI MEPIIYOISI A0PPeasapisried a0 iMpkeotp aud prgswwe tost
oAeh BducdorPidie Shfbly ShABIick b1 APEE Ao DA RUATAE BBy

may conpri se: Set” sunp packer; rate one or
tmbotornemeswark steepedirodictivha kebingarinidcate es sunp packst; 5) Set

each production zone assenhbly and service tool at rj
tpp gcdictign &%F V?rlr?é‘aé%‘g‘ﬁﬂ@)%@ﬁea%%%ﬁ? ta! i anesblE ey fagon
WorkREREU6F hdn kbthice gocﬁin“ﬂ) ORGALReLIdne %gk?elggffﬁgéé prdustEdn

top production / gravel ‘pack packer;
stesve and test @) Liokata Fsasntdryvel packi postionvand lsetstomiengonedsolation

AsPlie oY | G, R s o BE etk ects i oG rite BB pack
HoRRIonP OG) FiadNowétdzone! 11)0P¥EK up 8 rbw@icdbitOM2PeRKERIl 19Wer

Open | ower zone Frac pack sleeve and | ocate Frac _
zoge slesvespdSk Hyessitei tgst; for yolstiane 14d Rkeging oerd; zong byPpesning

r ; (o) [l .l.ower.zone sl eeves;
5 Bine @10~ FraBpld phibutirofiff end sPELe RERaC BB RS 13
unyil Agse R 15 @oBiplelal) €1 63 REE Brodustiie sealy @ed Glppen pfddatich
and test; 15) Repeat steps 8 - 13 until |ast zone is

Ragkss| & Bepded dforrenanple divhen erPdyetions asssmbliep ey in on work
SBRG L 1(72 (gﬁﬁ %%%Yes'ag nB&RAGS: }grB@Jcti%E.anpl e, when
pr uctio sse

l'es run in‘on work string); and 17)

Open sl eeves as needed for production. [00120] The

[ﬁé t g;:’"la%us?r%tlu?erj ﬁ?nrclzgorlf gr?d Sge oq'nan%m %g{mrre%? 1é)f gtflee?stt one of
the many possible embodiments of an improved completion system according to
the present invention has now been disclosed. Other and further embodiments
can be devised without departing from the general disclosure thereof. For
example, the improved completion system can be used with other well treatment
operations, including fracturing, gravel packing, acidizing, water packing, and
other treatments. Further, the various methods and embodiments of the improved
completion system can be included in combination with each other to produce

variations of the disclosed methods and embodiments. Discussion of singular

elements can include plural elements and vice-versa.
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can be devised wi thout depasting fromthe genera

di scl osure thereof. For exanple, the inproved

conpl eti on system can be used with other well

treatment operations, including fracturing, gravel

packi ng, acidizing, water packing, and other

treatnments. Further, the various nethods and

enbodi nents of the inproved conpletion system can be

' ded iR, C [ natd it :h o t I e

A o Ther SR M8 oS 0Vl B SRAET aess

dhaoises smaeififallgi ligitedr Therenioas tepsi desbtibkel heteirdlcan be

el enents. and vice-versq.[00121] The order of steps.can

QEdpe 'Wltg Qfhgr; stgns. giter. eeﬁ?@ﬁw thestaded Hemre @pf/ee split into
fical o dimit . .

e T e P e R oG B Fuf R B B con b

aphadiadhes sspatatad canppentsanddaorbesgintinédninto woinponEnes having

Sﬁﬁ@%' Simlarly, elenents have been descri bed

T RO and can be enbodi ed as separat e

conponents or can be conbined into conponents having

mul ti ple functions. [00122] The inventions have been

[88E2 | bed The inventioon hasetbesh dpsceibed inctlie aptexstdfgreferred and
o] n ot .ever I [rent t.he i.nvention

O Bl o ot CHBHY SRR oht My M GoplfOH i’ Been

debdrited! | @EousOmbiEicatese rant elte bR 0B tdes@ibRd @Wibol kknes

to those of ordinary skill in the art. The discl osed

a6 availableste| thawpicrdipanynikilt in Hiedrtothe diseasedpnd gindisgloped
. _ | cabili o N
BRI e 85186005 A PRI CDL sl i of e
inventiontonaeivey ofiby the Applipahsibut rather, inApploravtytveith the past
to otect all such nodifjcations. and i nprovements to
lpye Bﬂl}ca’étitl_gﬁfl‘?% Feaprotsst All sl gl%ffq%tlm% gpenagnls to
V. . 0 |

R SRl € e e Tl il kool hafip o Rabllbnd o the
foHodingtclaymszones with a wel |
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conpl etion systemin a single downhole trip,
conprising: assenbling a plurality of production zone

wa@as®endliBes, each assenbly conprising a producP@DnS2007/068182

screen assenbly having at l4east one producti on screen
val ve; running in the production assenblies on
production tubing; setting a production packer
associated with the production assenblies; |ocating a
conpl etion tool assenbly in a | owernost production
zone assenbly, the tool assenbly having a deactivated
opening tool that is activated after the tool has
passed bel ow a | ast production screen val ve; cycling
the tool assenbly within a production zone to index

WHAT {h€LAMBRIS:0on systemto a formation treatnent

condition; and treating the production zone. 2. A
single trip well conpletion system conprising: a
conpl etion assenbly conprising a plurality of
groduction zone assenblies corresponding to formation
onesA imethageofigempledsing dwa ot metaprodaction Zoaesrwith & wetin

[ ubi_ng: ;and onpl etion.tool assenbly
%@"3’3@@3‘ SS' %e%lp"elragggl?/\ﬁ?‘ﬁ@‘r?ﬁ?tﬁl > EONBIEE on assenbly ; an
aut ormembligplataligofysdiRiibh 96t dsSntsifes &9abh ¥ssepelyab! e
bet ween the conpl eti on assenbly and the tool systemto

cycl e t he ©BsIsEIE admodyesion sereert assembly heving at least ape
operatingdﬁ&&ghghgaéﬁfv¥J@e systemof claim2 further
a oo}

conprisin stop et dssenbly disposed in a
| owe rrommsihg i the pedduotionr assembcsamiprydictiondibivgt e a
deacti vated opening tool on the ool system )
setting a production packer associated with the production assemblies;
locating a completion tool assembly in a lowermost production zone
assembly, the tool assembly having a deactivated opening tool that
is activated after the tool has passed below a last production screen
valve;
cycling the tool assembly within a production zone to index the
completion system to a formation treatment condition; and

treating the production zone.

2. A single trip well completion system, comprising:

a completion assembly comprising a plurality of production zone
assemblies corresponding to formation zones in the well bore and
adapted to be run in on production tubing; and

a completion tool assembly adapted to operate within the completion
assembly ;

an automatic completion system locating assembly operable between the
completion assembly and the tool system to cycle the completion

system between a plurality of operating conditions.
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4. The systemof claim2 further conprising a
hydraulically actuated systemin a | owernost

w@e@dastiBon zone assenbly to activate a deact i REr/@82007/068182

opening tool on the tool system 5. The system of
claim?2 further conprising a hydraulically actuated
shear out safety system disposed in the conpletion
assenbly. 6. The systemof claimb5, wherein each
producti on zone assenbly conprises a shear out safety
system 7. The systens of claimb5, further conprising
a debris barrier associated with the shear out safety
system 8. The systemof claim2 further conprising a
nmechani cal sl eeve val ve di sposed in each production

¥ one Heswstenyof daimThfurthgstommprisingsd siopredlethsembly dispsat
.nor,e of the chani cal S|% ve val ves have a plutalitY
PGBt oG G 2ono SRR GerTALS § Gracknied ppejine too
@Bk spetéthor ¢l osing by the service tool assenbly, a
coil tubing tool or a wire line tool. 10. The system

bf cl Hiersystemgfelaim? furthereomprisings hydnpilicelloacteatet system
A T R T
authe ol sgstapnpl etion system | ocating assenbly profile
Sa. 58 oc]i,h%t s?gter\gi otfrzzlafirrl]leZ f%?tﬂgrl ce()tnilp?ir;intgoaoliyd?:u?igarlrl?; gc'tuated shear
out safety system disposed in the completion assembly.

6. The system of claim 5, wherein each production zone assembly comprises
a shear out safety system.

7. The systems of claim 5, further comprising a debris barrier associated with
the shear out safety system.

8. The system of claim 2 further comprising a mechanical sleeve valve
disposed in each production zone assembly.

9. The system of claim 8 wherein one or more of the mechanical sleeve
valves have a plurality of opening and/or closing profiles for selective opening
and/or closing by the service tool assembly, a coil tubing tool or a wire line tool.
10. The system of claim 2, wherein the automatic completion system locating
assembly comprises an indexing system associated with the completion assembiy

and an automatic completion system locating assembly profile associated with the

completion tool assembly.



