FRACTURI NG AND GRAVEL PACKI NG TOOL W TH MULTI - PGSI TI ON LOCKABLE SLI DI NG
SLEEVE Inventors: N cholas J. Cem Mrtin P. Coronado; Jeffery D. Kitzman
and Jef f ryo3n1iEds@nds FlI ELD OF THE | NVENTI ON [ 0001] The PCelus2ai/oddsse
invention relates to gravel packing and fracturing tools used to treat
formati ons and to deposit gravel outside of screens for inproved production
fl ow through the screens. BACKGROUND OF THE | NVENTI ON [ 0002] Conpl eti ons
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paOBE2]. Completions whether in open or cased hole can involve
isolation of the producing zone or zones and installing an assembly of screens
suspended by an isolation packer. An inner string typically has a crossover
tool that is shifted with respect to the packer to allow fracturing fluid pumped
down the tubing string to get into the formation with no return path to the
surface so that the treating fluid can go into the formation and fracture it or
otherwise treat it. This closing of the return path can be done at the crossover
or at the surface while leaving the crossover in the circulate position and just
closing the annulus at the surface. The crossover tool also can be configured to
allow gravel slurry to be pumped down the tubing to exit laterally below the
set packer and pack the annular space outside the screens. The carrier fluid can
go through the screens and into a wash pipe that is in fluid communication
with the crossover tool so that the returning fluid crosses over through the
packer into the upper annulus above the set packer.

[0003]  Typically these assemblies have a flapper valve, ball valve, ball
on seat or other valve device in the wash pipe to prevent fluid loss into the
formation during certain operations such as reversing out excess gravel from
the tubing string after the gravel packing operation is completed. Some
schematic representations of known gravel packing systems are shown
schematically in USP 7,128,151 and in more functional detail in USP
6,702,020. Other features of gravel packing systems are found in USP
6,230.801. Other patents and applications focus on the design of the crossover
housing where there are erosion issues from moving slurry through ports or

against housing walls on the way out such as shown in US Applications



[ 0003] Typically these assenblies have a flapper valve, ball valve, ball on
seat or other valve device in the wash pipe to prevent fluid |oss into the
formati orwounimgswert ai n operati ons such as reversi ng OBRCTANCEIDICTB@VE
fromthe tubing string after the gravel packing operation is conpleted.
Some schematic representations of known gravel packing systens are shown
schematically in USP 7,128,151 and in nore functional detail in USP

6, 702, 020. O hesgd, %W@@@cgibelgw\a@% Qﬁpkﬂﬁ%atﬁ))isltz% 085 edaovashen USP
6, 230. 801. O her gatents and applications focus on the design of the
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USP 5, 865, 251; 8 %z , 246 and 5, 609, 204. [0004] These known systens have
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[ 0005] The preS@mmSMHwémﬂmmmmpg@Mﬁdw§mameébmkwm¢dnopshn@tbbe&h&en squeeze,
circulate and reversesnnd <1%es§§h Qﬁh% qgg ma§a%“uzo Ewge%erence wher e
t he movenent sPBelMe tRE2E" P68 T i%ns a8 Rob " ehgage P he! Yo BSt t om hol e
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wash pipe valve is held open and it takes a pattern of deliberate steps to get it
to close. In essence a pickup force against a stop has to be applied for a finite
time to displace fluid from a variable volume cavity through an orifice. It is
only after holding a predetermined force for a predetermined time that the

wash pipe valve assembly is armed by allowing collets to exit a bore. A
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[ 0006] The extension ports can be closed with a sleeve that is initially

| ocked open but is unlocked by a shifting tool on the wash pipe as it is
bei ng pulweaoum2ssbhe sl eeve is then shifted over the poPC3/USROWI0esSOUL er
extension and | ocked into position. This insures gravel fromthe pack does
not return back thru the ports, and also restricts subsequent production to
enter the production string only through the screens. For the run in

position thisp §t§3ﬁ?o§¢a§ﬁﬂ§&ﬁ&1gﬁ&ﬁ‘@b&r@upﬁr? dﬁfb’secﬂl@é’tl&fpﬁndtﬂﬁ@n plcgggover ports
so that a dropped ball can be pressurized to set the packer inrtially.

[ 0007] The upp®P ta/gft e ¢llss ri‘ﬁ‘l“?SttﬂPf‘a‘?Ofi’ Hgeiess Psped Wﬂ@gbﬁt@éﬂl@?@s‘et he
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prevent wel | swabbing when the tool is picked up with respect to a set
pressurized to set the packer initially.

[0007]  The upper valve assembly that indexes off the packer has the
capability of allowing reconfiguration after normal operations between
squeezing and circulation while holding the wash pipe valve open. The upper
valve assembly also has the capability to isolate the formation against fluid
loss when it is closed and the crossover is in the reverse position when
supported off the reciprocating set down device. An optional ball seat can be
provided in the upper valve assembly so that acid can be delivered though the
wash pipe and around the initial ball dropped to set the packer so that as the
wash pipe is being lifted out of the well acid can be pumped into the formation
adjacent the screen sections as the lower end of the wash pipe moves past
them.

[0008] These and other advantages of the present invention will be
more apparent to those skilled in the art from a review of the detailed
description of the preferred embodiment and the associated drawings that
appear below with the understanding that the appended claims define the
literal and equivalent scope of the invention.

SUMMARY OF THE INVENTION
[0009] A fracturing and gravel packing tool has features that prevent

well swabbing when the tool is picked up with respect to a set isolation



packer. An upper or nulti-acting circulation valve allows sw tching between
the squeeze and circul ation positions without risk of closing the wash pipe
val ve. A weteriingsedevi ce all ows a surface indication befPorastée/owessh pi pe
val ve can be activated. The wash pipe valve can only be closed with

mul ti pl e novenents in opposed direction that occur after a predeterm ned
force is held for a finite tine to allow novenent that arns the wash pipe

val ve. The mupidke@@nl ipgeChrt Ghitialli@NcikAla¥ibn ¢aRe BSVEeMichindidideess to the
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return path send ﬂlatcrd)sb@/eamodi ihasattd ilg et ovdrivepwasi. Allpekalbm fleeve BRI EF

DESCRI PTI ON OF. THE W 0010] FI G 1 S Chemat C

representat i oH“tfahjys'?ﬁ%%S Hed flo?X“.'ICB?‘Ff)So?‘?eﬂ o ?hr? '%/aﬁk rtﬁn | ﬁetp‘%@l tion;

[0011] FIG 2 usppdiebadli em @rhveFbLa pdrtsiafe pliRd pacdfahe Sedve padicted gvel [ 0012] FI G 3
is the view of FIG in the sgueeze position; s the view of
FIG 3 in theP%“nk}néu?[ﬁactéEB}Sesist‘ﬁng)ﬁ?e“[zﬁt?iﬁfaﬁ?@“@né ?l‘%r?]eShészlé%vt EIG 4 in the
met ering posi theGasipipeho icﬁ)s@-H@CgrévlaEslﬁ@}V@ilﬁﬁorﬂ,‘tﬁndp&ﬁd thé OBeve[ QD] FI G 6

shows how to arm the wash Pe val ve so that a subsequent predeterm ned
movenent of t ResiiqRder Prgfhrqﬂﬂ@ heagh droseeenn dhoauhi-ghtige cijalasien valve

can be optionally configured for a second ball seat that can shift a sleeve to
allow acid to be pumped through the wash pipe lower end and around the
initial ball that was landed to set the packer. That series of movements also
blocks off the return path so that the acid has to go to the wash pipe bottom.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a system schematic representation to show the major
components in the run in position;

[0011]  FIG. 2 is the view of FIG. 1 in the packer set position;

[0012]  FIG. 3 is the view of FIG. 2 in the squeeze position;

[0013] FIG. 4 is the view of FIG. 3 in the circulate position;

[0014] FIG. 5 is the view of FIG. 4 in the metering position which is
also the reverse out position;

[0015] FIG. 6 shows how to arm the wash pipe valve so that a
subsequent predetermined movement of the inner string can close the wash
pipe valve;

[0016] FIG. 7 is similar to FIG. 5 but the wash pipe valve has been
closed and the inner assembly is in position for pulling out of the hole for a
production string and the screens below that are not shown;

[0017]  FIGS. 8a-j show the run in position of the assembly also shown
in FIG. 1;



[0016]FIG 7 is simlar to FIG 5 but the wash pipe valve has been cl osed
and the inner assenbly is in position for pulling out of the hole for a
product i omogbrivmgseand t he screens bel ow that are not sheem/UuSp@ODF{5B0 GS.
8a-] show the run in position of the assenbly also shown in FIG 1; WO
2011/ 028560PCT/ US2010/ 046580 [ 0018] FIGS. 9a-b the optional additional bal
seat in the nulti-acting circulation valve before and after dropping the

ball to shift a pald] sqatist o-@idedpiiaed didiing 8 Q% mrtﬁelﬁqlunpﬁ@ihi% ng on the
way out of the hole; [0019]FIGS. 10a-c are isonetric views of the | ow

bot t om hol e pfigadaiiee vpixe pefpi| apd afierclsopping the Al joghifigeballegatiealow he | ower end

of the inner §5ifli.ki'ﬂg after gravel packing on the way out of the hole;

[0019] FIGS. 10a-c are isometric views of the low bottom hole
pressure ball valve assembly that is located near the lower end of the inner
string;

[0020]  FIGS. 11a-j show the tool in the squeeze position of FIG. 3;

[0021]  FIGS. 12a-j show the tool in the circulate position where gravel
can be deposited, for example;

[0022]  FIGS. 13a-j show the metering position which can arm the low
bottom hole pressure ball valve to then close; and

[0023]  FIGS. 14a-j show the apparatus in the reverse position with the
low bottom hole pressure ball valve open.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024]  Referring to FIG. 1, a wellbore 10 that can be cased or open
hole has in it a work string 12 that delivers an outer assembly 14 and an inner
assembly 16. At the top of the outer assembly is the isolation packer 18 which
is unset for run in FIG. 1. A plurality of fixed ports 20 allow gravel to exit into
the annulus 22 as shown in FIG. 4 in the circulation position. A tubular string
24 continues to a series of screens that are not shown at the lower ends of FIG.
1-7 but are of a type well known in the art. There may also be another packer
below the screens to isolate the lower end of the zone to be produced or the
zone in question may go to the hole bottom.

[0025] The inner string 16 has a multi-passage or multi-acting
circulation valve or ported valve assembly 26 that is located below the packer
18 for run in. Seals 28 are below the multi-acting circulation valve 26 to seal
into the packer bore for the squeeze and circulate position shown in FIG. 3.
Seals 28 are also below the packer bore during run in to maintain hydrostatic
pressure on the formation prior to, and after setting, the packer.

[0026]  Gravel exit ports 30 are held closed for run in against sleeve 32
and seals 34 and 36. Metering dogs 38 are shown initially in bore 40 while the
reciprocating set down device 42 and the low bottom hole pressure ball valve

assembly 44 are supported below bore 40. Alternatively, the entire assembly



[0020] FIGS. Ila-j show the tool in the squeeze position of FIG 3;

[ 0021] FIGS. 12a-j show the tool in the circulate position where gravel can
be deposiweapifmsseexanpl e; [0022] FI GS. 13a-j show t he meCEMISAEOMOESEE i ON

whi ch can armthe | ow bottom hol e pressure ball valve to then close; and

[ 0023] FI GS. 14a-j show the apparatus in the reverse position with the | ow
bott om hol e pressure ball val ve open. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT  of 1ORQZ%] réag)fr&raﬁﬁgﬁgat tiewhld&vicd 42 andelw B&Egn hQletph@turean be cased
or open hole has 1nit a string 12 that delivers an outer assembly 14

and an i nner Bykets dpsepgly 5&! C%HH@ %Bﬂ?ﬁe theor surier Vabsapsmplyi4ishe i sol ation
packer 18 whi gl SRStk O AWM k0 B Gookes AR 18 2L Uy fixed ports 20

allow gravel to exit into the annulus 22 as shown’in FIG 4 in th
circul ation pﬁ%lS@ttlwt.heAaCtkablﬂ ar string 24 conti nues to a series of screens

t hat are hot Sh?[WﬁZFﬂt t\bﬁenl tﬂgﬁgckg %he{gfbeﬁl é%mt'r"o’ng Ee?‘{) erClEca?ioﬁype wel |

known in the art. ere nay e anot pac e screens to
i sol ate the | ewkis reqiy tofbetstie tednd 48as lpempfrd)td)us@et&ﬁ)wnln hertzdha tha question

rrmlj?/ t ??af:?l f_\geclogedepos?tgon as [Ir nguSS Tr&gsciriﬂfp : rThSet gll)phgd p@essﬁj}% t?‘ann‘ll'e{lets | -passage or

components on a known packer setting tool and the packer 18 is now set in the
FIG. 2 position. Arrows 48 represent the pressure being applied to the known
packer setting tool (not shown) to get the packer 18 set.

[0028] In FIG. 3 the string 12 is raised and the collets 50 land on the
packer 18. With weight set down on the string 12 seals 52 and 54 on the multi-
acting circulation valve 26 isolates the upper annulus 56 from the annulus 22.
Flow down the string 12 represented by arrows 58 enters ports 30 and then
ports 20 to get to the annulus 22 so that gravel slurry represented by arrows 58
can fill the annulus 22 around the screens (not shown). The multi-acting
circulation valve 26 has a j-slot mechanism which will be described below that
allows the string 12 to be picked up and set down to get seal 52 past a port so
as to open a return flow path that is shown in FIG. 4. It should be noted that
picking up the string 12 allows access to the annulus 22 every time to avoid
swabbing the formation by connecting it fluidly to the upper annulus 56. On
the other hand, setting down on string 12 while the collets 50 rest on the
packer 18 will close off the return path to the upper annulus 56 by virtue of
seal 52 going back to the FIG. 3 position. This is accomplished with a j-slot
mechanism that will be described below. In the circulation mode of FIG. 4 the
return flow through the screens (not shown) is shown by arrows 60. The
positions in FIGS. 3 and 4 can be sequentially obtained with a pickup and set
down force using the j-slot assembly mentioned before.

[0029] In FIG. 5 the string 12 has been raised until the metering dogs
38 have landed against a shoulder 62. A pull of a predetermined force for a
predetermined time will displace fluid through an orifice and ultimately allow
the dogs 38 to collapse into or past bore 64 as shown in FIG. 6. Also, picking

up to the FIG. 5 position lets the reciprocating set down device 42 come out of



circulation valve or ported valve assenbly 26 that is |ocated bel ow the
packer 18 for run in. Seals 28 are below the nmulti-acting circulation valve
26 to seawointin2sise packer bore for the squeeze and cir ®arAatSe0 P58 on
shown in FIG 3. Seals 28 are al so bel ow the packer bore during run in to
mai ntai n hydrostatic pressure on the formation prior to, and after setting,
the packer. [0026] Gravel exit ports 30 are held closed for run in against

sl eeve 32 andps@also dtht A0gh BRd oﬁvﬁ{oﬁfdief‘% 98888 oﬁ.fmangb & dkally in bore
40 while the reC|procat|ﬁ% set down device 42 and the | ow bottom hol e

pressure bal | Tagirecating s ory dexicadd of(iphsyider 6 afl shgnbisting4p dowp t er nat i vel y,
the entire asgemply @%ﬂﬁ@&@%ﬁ@%%&&%mwﬁ;re@gee@bgsu ce 42 and | ow

bottom hol e pressure ball ve assenb 44 can be out ore 40 for run
in. Val ve assentl093¥4 K@whd@w@h@d@%mﬂim44ﬁmmﬂwh@ﬁw@baﬂoa%§@®m46 receives a

bal | 48, as Shﬁ%\ﬂk ﬂhfuﬁled%a%l?[nt&ﬁﬁ%'dﬁgh }snﬁm énte]rglg %902(7&\4\96” the

packer 18 has en positione pr oper Focatlon Is ready to be
set, the ball clg ths quwmdnlblm 44 cHte VAB/eWBStemb]rycnanse -@0eri horg Hetogodsed posi ti on,

as preV|oust de Lied u tfan t.es ﬂpgnents on a
known packer set ?aﬂ e pac er 8£§§ %dﬁﬁ%@tmﬁn&g Fig 2

posi tion. Arr0m3mﬂ@(megmeﬁemheUhheﬁHESSmﬂHGbépngumppToeﬁmbﬁomhe known

Kk tti t .shown Kk 18 028]In FIG 3
Phe string 1271 Sherbafiiiid h8viS: & B PR om PrBfitiendPas. "t
wei ght set dOVM& Wahtpye. Mahie HaZingabs chdedatid Areopentd @y mbving-i@ct i ng

circul ation v 6 i oI tes the u nnul us 56 fromthe annul us 22.
ey e nd pea s real By naftig

Fl ow down t he' ? 58 enters ports 30 and then

ports 20 to get [pg31he F:IGSL@aL@ réteseft thbalol Gty &ln 8 bbditioh. TRPHARENt ed by
arrows 58 can fill the annulus 22 around the screens (not shown). The

nul ti-acting EPPRAMFHE Pohbs disgidbedgn amerdsr from jtef toRoHpra A BeHERATRIHM W | | be

descri bed bel quy tiigtopafated WherbhiRor Sddtiiid8al kidat19 a&ﬁoglmo@lmef@atu]iaSWbéet down to
get seal 52 past a port so as to open a return flow path that is shown in

FIG 4. It sheurdbadeloHoretby Hatscpicakilmpeapon Het b\ﬂl%diswg tho digFyspiRB access to
the annul us 22, 6vgd %uh'ﬁ@? t10 7apQl Work W18 % sthBﬁa n iR FIRKL Q0 RYe gpnnecting it

fluidly to the upper annulus 56. On the“other setting down on string
12 whil e the ebltheeparkesatisng tagh T0hdapisck mnows dm‘lgn Bl osaesofdativie ret urn

path to the “%@ém&@ﬂgké@mﬁg %X#H}&g%lz%? g&% Ing cﬁwﬂ.%é" tE&%%ttﬁlgl the FIG 3

position. This is acc ani s be
descri bed bel evevel™ w1tie1tsccvwrc$1bfaztei76n1hm¢@emubli7l2® held b éhersettimg todl | ow t hr ough

the screens ( 98tus£h \évg © #SSﬂlatqlowrt]le iple coﬁgts F(lt [ sololehgn ps%SI (;[r[ear} or tlhn FIGS. 3 and
4 can be sequentla obtalhed wt up an HOWY f Or Ce usi ng the

] - sl ot assenbkatingeby slea%cBObe,ffmf @ .high enough pressure to set the packer 18 has
been applied in passage 82 and into ports 84, sleeve 80 is pushed up to
undermine the fingers at the lower end of sleeve 78 so that the upper sub 72 is
released by the setting tool 70. The initial buildup of pressure in passage 82
communicates through ports 86 in FIG. 8a to move the setting sleeve 76 of the
setting tool 70 down against the packer setting sleeve 74 to set the packer 18
by pushing out the seal and slip assembly 88. It is worth noting that in the
preferred embodiment the packer setting tool sets the packer at 4000 PSI
through port 86. The pressure is then released and a pull is delivered to the
packer with the work string to make sure the slips have set properly. At that
point pressure is applied again. Sleeve 80 will move when 5000 PSI is

applied.



[0029]In FIG 5 the string 12 has been raised until the netering dogs 38
have | anded agai nst a shoulder 62. A pull of a predeterm ned force for a

pr edet er mvoedita2essowi | | di spl ace fluid through an orifi eeTarsdowlosissmt el y
allow the dogs 38 to collapse into or past bore 64 as shown in FIG 6.

Al so, picking up to the FIG 5 position |lets the reciprocating set down
device 42 cone out of bore 40 so that it can |land on shoul der 66 for

sel ective supporfioe3di ckid@ntRe 1HSn LE ChePERGAS bﬁ&e%ﬁ&keg(isﬂtodﬁw ge 42 off
shoul der 66 and then setting 1t down again will allow the reciprocating set
down device 4heteoarp gragpl dyrmpeyistssd also s OWGOB@}de@ChWée Ya¢res O4ssenbl y 44
s pul | ed pashobOnfadl) A% AR B Gunb HOA:RIHEQRE DRCE: k0 bore 40 it
is arned. Re-entering bore 40 then close the val ve assénbl’y 44. The val ve
assenbl y can dewmwicedirdstore agdthen cgo be slanheut ip Ge oFieplodiin amwmle comi ng out
of the hole. »in the FIG
5o FIG 7 pg%?%?gﬁgﬂmggpgg e?géﬂﬁﬁtg?M%rﬁg?%%gqégg%?%ﬁﬁpga?g required

t hat val ve 44ﬂbamdh@§éd,KmephﬁvbmmhémuMdmﬂ@séﬂd@uhhmhﬁwwa&hhpwpe Val ve 44
havi ng been cl e, reopened b vin hrough, bor and then
llanding it on g@@%l ‘%ékﬁiﬂaﬁﬁf Séﬁ as nh%“%mggnt 8“%8%? in the run
i n position. MhﬁymnpdmlowmpnmemsQZW@@kmbmgdeEK}BbaddmmoanhQBMMg fromtop to
bottomto bet%irlﬁ$§|%aﬂ1hOMItE%€ ope te. Thereafter, additional details
and optional faatUMES “WMIPCHES @FPB P81 1 owed by the sequenti al
operation that beo33s Cbeérhﬁg d@xswsli}sosbprtmmdﬁdacvmg Birddl46on vilve 7. The work
string 12 is ho in FlLG s is of the packer ttlng tool 70
that is a kno @@Hed¢¥“%ﬁe ‘§8p9é$’ mWB%éﬁ%ﬂthyMW%?gﬁﬁing t he upper
sub 72 and pughiangredQWh thehFadR@lCLl@ér sBL12 0 ndl REeYSrinkdodetikoilés 5oWn sl eeve
76. The upper sub 72 is held the setting tool 70 using sleeve 78 that
has flexible &yMnetxéended inttge P%W wﬁaogebﬁlg} Pedrefisld deri@siBe UPRYG by sl eeve
80. After a highasnepgh SO €ph& fifdrdl 98 cRRRKEIowES RS pREeAgappl i ed in
passage 82 and into orts 8 sl eeve 80 is pushed up to undernlne t he
fingers at th@&0 It‘b\?netWOel?ﬂﬂltJ@fl isleayenply 96 (That-sthasupbbr 960perady i s rel eased
by the setti ngod0Ql nfQsselBfy tbhic@led MLIAYB A1 107 @SRHIR) b flassage 82

comuni cates through ports '8 8a to nove the setting sleeve 76 of
the setting t & terOindigsuat a@@wem@tndtlﬁé ip&tledd. Suppdried byl eendecl P4 50 set t he

packer 18 by Péﬂf g, Hf4tf1%% mgggo?l!s 1%%&&&%%%@&@&&@%& adwiorth noting

that in the pre erre setting too ets the packer at
4000 PSI throﬁ@hlﬁﬁﬁv18@1pﬁmenpﬁﬁssuhemlHMﬂhammIshéé%&dhﬁﬁhﬁuwpulI is

del I ver ed to 1 h? ﬁﬁc%&l{)w\/\ﬂottp lbé]les a\ll’\l%l;( erna sea % &lot lrrqﬁeel’u%lilr eOStitrPOen lgl I pS have
set properly poi'nt” pressure 1's app agaln PEEVE '80 wi Il nove

when 5000 PSIbM6waMﬂbwadmdlmﬁbﬂm&ﬁ&&ﬁﬁﬁﬁ@ﬂﬁmﬁwsawm@h@mﬁﬁB@oUQQBZ]Cbntlnuing
down on the oulso hglte slf(:)efve tlB(? m%\afé:sk\x%{hiril' geévg 1'1:5 %at 1§aes ports 30 covered for run
in by sleeve 114 and locked by dog 116 in FIG. 8e. Ports 30 need to be
covered so that after a ball is dropped onto seat 118 the passage 82 can be
pressured up to set the packer 18.
[0034] A flapper valve 120 is held open by sleeve 122 that is pinned at
124. When the ball ( first shown in corresponding FIG. 9) is landed on seat
118 and pressure in passage 82 is built up, the flapper is allowed to spring
closed against seat 126 so that downhole pressure surges that might blow the
ball (not shown in this view) off of seat 118 will be stopped.
[0035]  Going back to FIGS. 8a-b, when pressure builds on passage 82
it will go through ports 128 and lift sleeve 130. The lower end of sleeve 130

serves as a rotational lock to the packer body or upper sub 72 during run in so

8



there are gravel slurry outlets 20 also shown in FIG 1 which are a series
of holes in axial rows that can be the sane size or progressively larger in
a downholwodnrigesicon and t hey can be slant cut to be oripemtusdoioni@sdownhol e
di rection. These openings 20 have a clear shot into the | ower annulus 22
shown in FIG 1. One skilled in the art woul d understand that these axial
rows of holes could be slots or wi ndows of varying configuration so as to
direct the sl yaf ¥ hotQednB@el QWA a@MBULN S 88y HRBE kAT abe Hefd. 8d and
bel ow the string 24 continues to the screens that are not shown.
[ 0033] Ref er r i AgChibrropemiesmepyorithe Reckail§ is ohiginphgheiortignaddedbeival ve 26
will now be dﬁéfﬁrfshqgmmﬁ%g} (BQed@(fl ahli% Tubkla 3646 el rb9tsﬂr@srsﬁ1@nnval ve 26 is
at 90 and rests on ac run 1n ring | oaded
collets 50 shewg@ﬁ@@ﬁd@ae bﬁllshl@P@@filé)@Z@ Eésis tm@nuschﬁd thm@ tozset fzhﬁe hel d
agai nst the u r xt ends down
from upper eng&%r ‘ﬁimﬁi it P 8%%)2?11'9 I@S%PJHPU? toggrege;dgﬁg Str%%ﬁg %lhep%lfegl ot assenbly
96 operably cexnhend slift h@embbeﬁﬁ)dh}rlrngthcoﬂnegztpenteSI eﬁvesre%s antsoiloo to
mandrel 94. Sl eeve 1 Support ed
by mandrel 949§ p SOQIQaéEh§|Cg]é&§E“ZLB‘HQ‘{E%%?m PaCEerqo Sf% s tl%h \%. ch flow
r epr esent ed by0wn@wse16d§ed frofal Ge pdckar Iubpqnasls 7i2rant1hl® gring G2 abm ba node when
seal 52 is lifted 1aggve ports 106. Bel ow ports 106 is an external seal 28
that in the rlA"PH*S6sition is below the | ower end 110 of the packer upper
sub 72 and seen [003dF G.Cding Datkeo #SH SUDI:IaRVlIﬁHE@Mekélr% sapviesop0 hi n sl eeve
112 that has forts 30 Coveredlfor 1u (é& y._ sl eeye ui]]ld | ocked by dog
116 in FI G 88 Begpyld-agpng, girqylylign yalve e“r"ﬂ‘EclDe 315t éﬂ" é(flf &Uhat| is dropped
onto seat 118sitdies PISSSRJE0GS Iﬁ@@nﬁﬁdlﬁrﬂﬁw{eﬁ%ddm&s09§ﬁid Qﬂ@gagecker 18.
[ 0034] A fl apper val ve 120 is held open by sleeve 122 th i S p| nned at 124.
When the bal | PichiaHays SRSWHT iHICE BFiPe Kprsridiootly Litfragicly yhq %OHFtéﬁﬁé‘G on seat 118
and pressure ifHRAVEAUR 18atibs wikkelidp &hd.00tidRcdid BRAEE. dbSwaln ARkt 0 spring
cl osed agai nst seat 126 so that downhol e pressure surges that m ght bl ow
the bal | (not 941edvsvernthingi tBathaagy opit ingladige gteeyer 804aispppogied offohped.
[ 0035] Goi ng bggl.t g%ﬂ @® 729ﬁlebasséM}§yn oPE&&%&E@sl@é\JeL@ﬁ aﬂ&' 1@?%%@@9 82 it wll
go t hrough ports 1 and lift sleeve 130. The | ower sl eeve 130
serves as a r owraippliediup Iamwowroartdhecga@nc@@n oty slof 9®W@pmsubremtdur| ng run
in so that if otated to
free them Af %‘%ﬁ%sﬁgfeg(?%ﬁ%@% lggll&r?dalﬁp of ({?Wﬂ fbl%ﬁé %lél?eaignég‘gt {lil ned, the
rotational | ooke dfthd tt\x@rpomtcnsdtm -l 9§ dire sadéderdllém(delpw thfspdrtsrlﬂéd up to
rel ease by pres urel ssage after (S dr Plston 134 is
t hen pushed down 81%121[(9% ZI gﬂac%rrp(iséuonoéh?eﬂ Ot%t esea%g can Yhove to
prevent over stp ebsvathet patpadkein sealce asedl SP.np 1aStherr’edum 88wdpathng t he
setting process. This create o) rel.e " sp that. the collet can
nl at ob 1 om TR R R BB G A EREEndR VBN wbRS et ased f r om
the packer upper 53uabéde potes H0Bens el gqgeelapsﬁﬂibnb\ehdmmenuhﬁim tp 0036] Comi ng
back to FIGS. 8b-c, with gél acker %

the uppér annulus 56 1s closed as in FIG and 1n the run in pos1t10n of FIG.

3c.

[0037] It should be noted that every time the assembly of sleeves 98

and 100 is picked up the seal 52 will rise above ports 106 and the formation

will be open to the upper annulus 56. This is significant in that it prevents the

formation from swabbing as the inner string 16 is picked up. If there are seals

around the inner string 16 when it is raised for any function, the raising of the

inner string 16 will reduce pressure in the formation or cause swabbing which

is detrimental to the formation. As mentioned before moving up to operate the

j-slot 96 or lifting the inner string to the reverse position of FIGS. 5 or 7 will

9



of the nmulti-acting circulation valve 26 can be raised up by pulling up on
sl eeves 98 and 100 to raise mandrel 94 after shoul ders 95 and 97 engage,

whi ch al Iwa=o0timesieower i nner string to be raised. U timeCelus2aloe4esed | et s 50
will spring out at the location where top end 90 is located in FIG 8b.
Wth mandrel 94 and everything that hangs on it including sleeve 104,
supported of f the packer upper sub 72 the assenbly of connected sl eeves 98
and 100 can bgoRihiWhe A7 4dmorfeh &AW @@%ﬂn@u&pﬁhya&t daentwtﬁej -slot 96
can cone to rest at two possible |locations after a p and a set down
force of a fi Altieaqaggireplaton e hove pow betodgseshet wvet thfﬂﬁés jitsl ot 96 the
seal 52 wi |1 Baidiel OMtGoR AR H0Gea% SAEWE7 IR GhoviGork NobhE O her
position of the j-slot 96 the seal nove up above the ports 106. In
essence seal BI.i& ip rdlffeﬁ@tr“élteuwmsb@tvﬂpeallﬁpmaélw?e@eﬂdleﬁntbty taplows 60 in FIG
4 in the circ - [ &ﬁﬂp I ts 106 and

t he squeeze pg§@@?%§9a§€?@p§%e refﬁ?%zﬁgﬁﬁtt§q61§%nk§g?9§nnuﬁﬁg 56 is

cl osed as in Pt 0f3eaaruds15tmncehethauﬂuldmump@i dqwrpasﬂragﬁmﬂliﬂo dOE’@O@?] It should
be noted that th s| eev 10 pi cked up
the seal 52 mf§%8r|§gda g§e%x9§§ﬁg?b%a8t%3?%§ orna %g%3 r&f 5% open to the
upper annulusuaﬁmgThmswumnﬁmgnnkn$anhamdathﬁﬂowmxmdeﬂ&mUmwthmngornat|on

f rom swabbi ng s the inner string 16 is up. If there are seals
around the inh F“%??Fﬁg %@n%ﬁgﬁn e‘“@”té?é@ﬁ“?g %"%ny function, the raising

of the inner strioo38]16 Risi o gadubRiaEsSpeivenittif@oftdnomig @At e cause

swabbi ng which is d |nent to the for o) ntioned fore noving
up to operate“?ﬂ@f?t §tm@B“%PmHF?P?HB8EEE&#d%é¥M§H£f tt‘Fd’oftftgsreverse

posi tion of FhidSypassey thédm\h kHowndy (REpdRLiE hidden Nids Med dvén B&ttinMslih 1t swab the
formati on. The conponents of the nultl-actlng circulation valve have now
been descrlbeHwIH%HEWEFNPH@?%ﬂgﬁdﬁﬁﬁ%ﬁﬁﬂ5%&F bedere thewrors dR6 hide the return
path 137 showgc aReMEiRHMSW0HEE. bh phil $12°8fas been%te‘s%ﬁedttnd pher4pug pose of this
al ternative enbodinent is to allow punpin own passage 82 as the

i nner string a&lejl &0 snapbetadenaprdts 180 tabis knsi ﬂﬁ§1693W@%§Paﬁ@E@%1%hce so that
fluid punped dang, RASRAOSR B2bMohl. NIR: AAWIHA & hBEn LiPBRTS. ORY iOfefi he i Nner
string 16 past the open valve 44 for the purpose of treating fromwthin

t he screens wihdve gl llasattlh® tabwes usedhth ©f the pecken heandghatiinghov® imoves up t he
formati on on t I 0 [ ddi tiona

per specti ve, Eﬂ?ﬁ%a§3$¢%M9&nSﬂﬁm (ﬁggﬁgﬂg%%%ﬁﬁlfhﬁ%%q@%ﬂ%ﬁgﬁﬁ% the fl apper
120 in FIG 8é6$uﬂmublbemmmimwehpwaﬂ§43@samdmm¥pd936bﬂtmdnngswﬁhomm by the
paths in h|dden l|ne nQQQI}QE,gg%nté&%%S | theq&%n Z?mp8§i gn unti

cl osed of f at seétag stspet oWt he por yﬁe erring nowto
FIG 9a part @mkﬁ«hmsmheemtmﬁdeemgned’amdnpmﬂébmAﬁmtﬁpaddamnmghspan bet ween

parts 100 that i i d rt he ton, and part surrounds
Pt the bor P KaT e B doraf30,80 chetiel P BPAPSlionSTurt Bl Shovet he
bal | seat 118Pbﬂm150V&@éhdlk$ﬁdseﬂ(by$@ils Iﬂ&nﬂdSk@’ortﬁ@S@ﬁdofffb&froin%o&hlom in FIG
8e. Even with tlon e It| actin ircul ation val ve
26 it should Bép HO?WEPY ﬁg %%I dfﬁgiﬁ%l‘%ﬂmd¥8bﬁﬁglg¢g@$béfter t he

gravel packi ngo%amh OPARTIHONWhEM balS 1 EPENE! & LANR0aAE prddsuré BiiRK (String 16 is
ready to be pulled out. Note that return gath 138" is still there but now

it passes t hr BUANEApestp-so ot st 140 cam shill dgwn isalign@orh haed 1988 on t he
exterior of pagdvedfQals 092 by 1520w RIE sk &ttea@ﬂfremp%eeh% Rk saéd 154. Ports
156 are offset fromports 150 and are isolated by seals 154 and 158. Bal
142 | ands on dehtNoveacith@paped deiwy passet® anret gpapholppiate BN pad2 | ands on
seat 160 and p§PSRUNE. QUi hgs bIoQkéJRdRrHEH@f&QHé a&@%o 29 dolidho AQ%& 140 Can
shift down to align ports 150 and 156 between seal s~152 and 154 wh
i sol ating por pessded 38T snhypibett tend 4fer e ¢ragéahckirgdthe Now deginbolpinped dovvn
assa e 82 capppt t 164 bl ocks
e Tt i s i nEp PRy Eeb I 8, ‘bﬁtttﬁ‘inEfotté“@ﬁtﬁ%ﬁﬁi%qﬂﬁ%ﬁ% by that
tine after t hef ge awhele, whmknm@ehhmd&ipmpdmwnhmbeﬂmdt0t@amhmdaﬁhemnII sinmply
go to the both%q%gf tpeunﬂ okl 19 16 as it is pulled out of the whole,
which is the Mtended urpose anyway which is to acidize as the inner
string is pulled out of the hole. WD 2011/028560PCT/ US2010/ 046580
[ 0039] Referring now to FIGS. 8e-g theldnner string 16 continues with
nmetering device top nmandrel 166 that continues to the metering device | ower
mandrel 168 in FIG 8g. The nmetering assenbly 38 is shown in FIGS. 1-7. It
conprises a series of dogs 170 that have internal grooves 172 and 174 near
opposed ends. Metering sub 166 has hunps 176 and 178 initially offset for
run in fromgrooves 172 and 174 but at the same spacing. Hunps 176 and 178
deflne a serles of grooves 180 182 and 184. For run |n the dogs 170 are

T | o A NN o A NN -



[ 0040] Pul ling the netering sub 166 up after the dogs 170 are underm ned
brings the collets 257 (shown in FIG 10c) on valve assenbly 44 conpletely
t hrough maiorow/tssee 40 that starts at 210 and ends at 2PRTius20i0@4658¢. The
collets 206 will need to go back through bore 40 from 212 to 210 and then
the inner string 16 will need to be picked up to get the collets 257 back
into bore 40 for the valve 44 to close. The valve wll close when the

col let 257 is drgus)badteririhOnhPIErdS. 88-0QtLhiheungaRHAGRE: REnhset down
device 42 has an array of flexible fingers 214 that have a raised section

216 with a | oWsteringdeniery'os Mgk lo0thal comhries (¢ deamyiineisyice 1OV - sl ot 220.
I'n one posi ti gp,ybelsstiRe16 hQUAE Inefdife bSeHRPRIL Sibwit 135 51-9t 1 220 al | ows

| ower reciprocating set dowt device nandrel "222 that is part of the inner
string 16 to seeverseragends|of shgul Hethaipge érigagegosivodlend 22Bneaphi ch

shoul der 226 | %h% I ~ d support.
Coi nci dent al | ?ﬁ%%g%#ntﬁﬁgﬁégi%ngﬁag;?g@%%}ugﬂﬂgl22 Héﬁggnéﬁg,otaiﬁﬁ%ﬂgQS cones into
al i gnment w t n §bhowyraeres 21Band 18 bwwt theesamecippring dtunmy 196tandd@B devi ce 42
to be held in ition f shou rhesel8. is. 1s shown.in e metering and
t he reverse pg‘%?nt iao?f%e%?)? I‘—gfo&% gﬁgnlgg'f".%d I—]I-c%\?\ie@(érrr,unﬁflg}ﬁ %0 Su%}at 1 inner
string 16 get sadhuligpet228d aboyeosdsd80 dei 1821 8/han thednden sitieg 16 hepidcked posi tion

j-slot 220 so that en ight is again_ set dow he hunmp.. 228 will not ride
oun to-the SHouTel 150 ehh PR Sa gttt et W 288aki y D54, o6
w Il sinple celdutils €86 invWaGARY. Beforeiaghdini S réehed] @¥Reven thd dangd76houl der 218
engages a conpl enent ar urface such as 212 i 8g. [0042] Referring now
to FIGS. 8i-j2andor @er%@reaﬁ%ﬁl} tﬁ%@ﬂdg@ﬁg{%ﬂpgﬂfﬁfeaﬂ@éb%s éié’]%nbl y 44 will
be reviewed. FkrfaB.188@ashbs SRALNDWY doR@ rViali ok insefind &b 166t@kad to cl ose
fromthe open position at run_in and through various other steps shown in

FIGS. 1-7. Spteripeedd0dp g radkdly pxfendepositinoun A hgpeh 1508nd i16% of FIG 8j.

To close the Bable B3Z%aldlQiopRhbUIEr 486 iN@DatQ (REISOTPH S9RE:YSH ME a | - sl ot
mechani sm 234. Mechani sm 234 conpri ses the sleeve 236 with the external

track 238. |t N§singsybgquekpen pupg diar heloap bt bagldenat it dantedring a flat 242,

An operator s 4 i that ends in
a flat 248. S@gg@‘)g’%ﬁm? @%l?r?ﬁé‘??ggiy@%?sn%gEzg%ethgﬁgﬁfznﬁgﬁg %ﬁnf)%r | 232 off set

from the rotalPbwhich axoiblitdd tyadrivigghe piltthroegheordfce 198 apdbpaseageilAg pi ns 250 to

the bal | 232 shaNRnmokl Gyl LRAOKRLIR, Bl 2073, DRRASI Tl o

mechani sm 234 | s actuate y engagl ng c) when
pul I'i ng up i ntloftao redeeosde o tlernsackicets IM@kortinvhenlogbisragd this serves

as a surface signal that if the force is maintained on the inner string 16 that
valve 44 will be armed as shown in FIG. 6. If the orifice 192 is plugged, a
higher force can be applied than what it normally takes to displace the oil from
chamber 190 and a spring loaded safety valve 202 will open to passage 204 as
an alternate path to chamber 196. When enough oil has been displaced, the
inner string 16 moves enough to allow the opposed ends of the dogs 170 to
pop into grooves 182 and 184 to undermine support for the dogs 170 while
letting the inner string 16 advance up. The wash pipe valve 44 is now
expanded upon emerging from bore 40. It will take lowering it down through
bore 40 below shoulder 210 to arm it and raising valve 44 back into bore 40
to close it.

[0040]  Pulling the metering sub 166 up after the dogs 170 are
undermined brings the collets 257 (shown in FIG. 10c) on valve assembly 44
completely through narrow bore 40 that starts at 210 and ends at 212 in FIG.
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down with set down wei ght and engagi ng shoul der 254 with a reduced bore
such as 40. Sl eeve 256 defines spaced collet fingers on the outside of

whi ch ar ewbaond28isoul ders 252 and 256. FIG 10c shows oRETAfS2610Mes580
openings 258 in sleeve 256 where the collet nmenber 206 is nounted (see al so
FIG 8i). Pin 260 on the collet 206 rides in track 238 of nenber 236 shown
in FIG 10a. [0044] Run-in position shown in FIG 1 starts with

triangul ar cogpongrbBeildfs Rilchedd B 49 1k HIORH votd 40 2R 2020 A80@T T enai ni ng
rotation required for alignment and closure of ball 232. The first pick up

of val ve 44 i fep Usopecrsgingddparidlesed 9 bpjeiedrurce ppotie spieto2Ty bish 246 to 180
degrees of ”‘ﬁﬁ&b&@ﬂﬁﬁﬁﬂxuﬂh%$ﬂ&§bB§91H9WQG ﬁR%%E%&&nﬁkc%ﬂ&ZBﬁner string
16 is possible until the metering position shown in FIG 5 where it is
important to nﬁh@MthﬁkHﬁ@bW©4ﬁ4 remai ns col | apsed in bore 40 until the
metering tine h £hap r t 16 conti nues
upwar d allomﬁng e]co gres eggégggéﬁgPiﬁk 6452§S€§q§£ g&p%0ve bore 40.
Downwar d noveﬁegﬁ:rs 4 ihartewe straisedged®n1b ovith slowat uedingawutd@r PHeract with
bore 40 resul sI e'?t\;/(gl 1t %Jaglot%ﬁppnen%t 031% Qw%nﬁjt e s%oula raﬂ\éaince to a
position of 9 egrees gnment . AT Q fly circul ate

posi ti on showsuppnrtdel, Ge 14;10@20 alldwes llowanfeeqbrc&mmhgg@tea&@wn @aytrqeedandmp)on

conpleting th Ve unpi n e inner strln be pul | ed
Gpwar . val ve 2B FirsB T T BB S AR Pl PR skl O 256

al | owi ng tri asguldar 226) Wpahentidds2 226 asnldavzék@pbﬁbdaiebzgﬂe ardhbaldr 2282 to cl ose.
To reiterate, | ternating .interaction of sh der. 252 and 254 with
respective shBﬁH§BW§“@PmEo%@n%5mﬁﬂg’ﬁﬁ%gwéhgﬁdﬁ%g#L %%é??%%m%f j-slot

sl eeve 236. SH&HEE238 Y&ndsNh©ralishheid widfshbingeraso sinoultdesciprbeating shoul der
252 or shoul der 254, by enter|(§ and exiting bore 40 wi thout passing

conpl etely thp& dﬁtan‘ilé’t’lcepf‘%HU?,“?‘eh & psBRalctigdovder 8- Thie &t 1hoN8 Bf | - sl ot

sl eeve 236. OfheGRUSEER arnﬁ'ﬁqe%'l/érse%%gm@ﬁ’srbfh@Ggpfm Eﬁotxx%‘{/erbﬁ'cﬁg g@posed as
descri bed above by pushi ng shoul der 254 back down throu bore 40 get the
flats 242 andthedgnaisgiggneess BmmAIE pbavp Rouldes %@n%gct%@ﬁ thetwe es the bal |
232 back to tg%nﬂgﬁ%kRQQD%b%&n“h%9%@1Wﬁ%%g&ﬂ%mhﬂﬂﬁ{mé%&hp@zﬁ@nﬂ5 pulled out
the sl eeve 114 w | 1" be unl ocked sh|§ted and locked inits shif

position. | t snptElediewditateskquldsadly wisepposet sethaighecotlepdssddie2Hor a
subsequent pr g%ﬂ? a series of
shifting collgﬂﬁ&gggﬁﬂavéﬂgﬁ &Q8R¥ hi %Pﬁgﬂghéﬁp %H%fgéﬁ&ﬂgh% downhol e
shifting shoubmggﬁZB%Hthenmnhemhﬂnﬂmh&tﬂﬂngFKB8gcones uphol e t he shoul der
255 will grab s er 8 .of sl 260 F nd carry sl eeve
260 off of trapg‘eaghjol I% erﬂ%n?vhusﬁ?"gl &3 almng s eve{)%%()?%g%\?g uphol e.

Sl eeve 260 w iHe vhke agemblgdduypll by rdvivevell FIEGS. Blarh shgwhowuhd vdlvd 44 ibunps col | et
finger 266 at .whi n.tan t he i nner
String 16 unt PP EGRER i BERROERY Grgit TGV oR T Sg M a iclhehor e " he

col l et finger siegGhodeid BICIS. $Uf §prinoe230 luyeet thealall QB2 Hlke@Y 6petidsition pass under
collet finger 26 S| eeve 26 when i f contacts shoul der 262, | ocking
sl eeve 114 in éf’g"cél Tec Wé‘ét%‘ B@gégzot q%rig 23@?%?61% BCBPHBFY Bt leeve 20 whose
top end 264 i sion@lechi@shi aBhedicadisinS 234 eemp@esMNE sMeShREVES thd4 and 20
will nmove in tandemw th sleeve 260 until collets 266 |land in %roove 269 to

al | ow sl eeve 280MElgragh 288:dt hasq owestrivpglahyrhaprdisng dhat 9omest tg 4ftease from

sl eeve 260 asZM‘%n‘d’b@ﬁfor%feE\le%4%§sE%@l%sh‘éﬁedﬂ%ﬁe@h@% i &abocks sl eeve
114 in the closed position. At this tine sleeve bl ock ports 20
from t he annuinuasflat2480Sle¢vat244 ipeapaestad nlinks 2 gnd 248 gdall ABP otfsps packer 18
to produce thgghahe | 1oﬁﬁra§§%§b£ﬁ‘%2 @R@@ﬁ@oﬁﬂ@c&nﬁé&lﬂggmts%o RAGker 18 to the
surface. The above describ novenents can be revers to open ports 20. To
do that the i hte232shpwnip HE. Bisabbovibe ball 28t hat shoul der 257 engages

shoul der 270 on ve g I . 6. Sl eeve
114 and with itl?he sIeengR@F%HbLmﬁtﬁgés%%ﬁ%d%& %ﬁgﬁ§h&§%%ﬁggntl| collets
116 go into gﬁ@@ﬁﬁ}zw® ammthahm§M£mueL®®mmdamegoaneﬂhﬂh@mngmdgshoulder
257can rel ease fromsl eeve 260 |e V|n sl.ge 114 ed in the same
position it mgs |ﬁﬁbset§ﬂﬁlwmghtMl %EP :éﬁ %H%é%e (gﬁ Ts | ockabl e
at its opposed end positions. [0046] Referring nowto FIGS. 1 la-j, the
squeeze position is shown. Conparing F2G 11 to FIG 8 it can be seen that
there are several differences. As seen in FIG lie, the ball 48 has | anded
on seat 118 breaking shear pin 124 as the shifting of seat 118 allows the
flapper 120 to close. The packer 18 has been set wth pressure against the
| anded ball 48. Wth the packer 18 set the work string 12 picks up the
inner string assenbly 16 as shown in FIG 1 la such that the multi-acting
C|rculat|on valve 26 as shomn in FIG. 110 nOM/has |ts coIIets 50 S|tt|ng on
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annulus 56 (see FIG 3) fromthe screens (not shown) at the formation. As
mentioned before the j-slot 96 allows for alternative positioning of seal
52 bel ow wonos/@8®0f or t he squeeze position and for asseepitiseenonicsshe
circulation position of seal 52 being above ports 106 on alternate pickup
and set down forces of the inner string 16. The position in FIG lid can
be quickly obtained if there is fluid loss into the formation so that the
upper annul us R JSao. glué&kisx d@ﬁn@sls@%d colllifhe&@dn ke 608 ¥ Hhiewt having to
operate the | ow bottom hol e essure ball ?ve 44 whi ch neans t hat
subsequent upR§IfendsheHdt §5£anﬂ|256&IGstt§bsh9we011€d%fﬁa\teir%ﬁpe%ngtsRé%e uphol e
movenent s are;iRds, w4 Ak o SHBTHANGALDOR hAADQMPRRIIBNGY! s S6 whi | e

fluid loss to the fornmation can be dealt with in the nmulti-acting

circul ation vae8en @60@&%Illd%tmteaC&IZ%eﬂmgeeﬂrtZ%BhOWl is&l@.ilAg down with the
e Ot b, 1 nLo 06adi oY A8 PRS0 hopn nl ARAT Wb SMOM dufidr be not ed
that the intern avel exi orts 30 are now we above the sliding

sl eeve 114 thactmpqmamts ano yndaﬂftﬁ:klecdligmérmthoﬂé)l degiges hierepagiiey rol@iot o be set .
This is shown_j I Fl |f t he

net ering dogs“ﬁ$%?dé§%%§§&%n ggﬁ%mm'e§ﬂ¥gn§§ g?%§P§P %ng%5aa%4fs t he

reci procati ng1n$<ebore|dﬂmddwex:maagﬂz&nbtmoozﬂ@tsszwmdl2n6I%cb @0 dégrees Die | ow bott om
hol e pressure ba 44 |, el ow bore 40 a ere when

ohi Tt g bot wab ity Badel St Sl Rt 8P dpd s Pt 5 s
[0048] FI G 1BossileSumiil kizrméterifgl fasitibd skdvihint M€ ﬂ"a’l/h?:rdjitﬁéc efppnag tbei ng t hat
the j-slot 96 uts sl eeves 98 and, 100 . rent 03|t|o af ter picking
up and settin§ aémﬁ‘ﬁBFéﬁfmﬁﬁntﬁ Mpﬁﬂépq?ﬁtﬂm éh%gweﬁa$“Pﬁgm§eal 52 is

above the por tﬁpstQGOQ@tetﬂtte@daqrﬁ ehdlinferRain 1&%8nttdae@tt1ghrd fewpsy ks 106 to the
upper annulus 56. This _is shown in FIG 12c-d. The established circulation

path is down £ME!PlEGERSEOf VHYe i‘tht%PWgarbobea%%d@ Igpvivaad BGYepBit s 30 and
then ports 20,f hnbh@rif16 &M MR 354 @ InRYRE vhdh 1R B0 EDIR¥gh the screens
(not shown) and then back up the inner string 16 to passage 138 and through
ports 106 andtiangdan ¢panngpeysy 24harsl 246 BpadvprcesRouPepitiinsd Wedqggreed that t he
squeeze posi thf?s@héﬁméi't Gyt dhit oA t)tf)?caﬁ?tchl&ﬂzﬁgpgs(?tl(f [ 9OWh e rih. G isdg circulation
position by sinply picking up the inner string 16 and setting it down again
usi ng j-slot 56 rpdchéd ahé gradet ipuawed ngUpdn compleiiem thealgteeel? umpippor t ed of f
e packer UPRREeHANIE sha GBI DS pifdu uTBLE. LR hOO)TLEARLS R Seyera
reasons. Firs fe sane I'ng po Itro upper sub 72 is used
for circul ati prdardnsguesritioy 03336)plpne@trtaoglpastonmemngpn%mmdt246 equi red

| anding at axjally disgc at i for those o] L] ausi ng sone
doubt in deep Q&ﬁtﬂ ?%%E%fb§8$ ﬁ%&g“ﬁ%ﬁ ﬁ %%%uﬁ%uﬁeﬁnon gy a locating

col | et. SMAtchumgbbéﬁ%memzs4wﬁﬂhaﬁ&mmmdﬂsqﬂaezﬁt&hstmmﬁm&mno9danger of
closing the | qw bottom hol e there is no risk
ot “svabi ng 1 Akt Gr8s: Sk HE! SERE Eamaueseid g et T SB or  dest gns

t he uncert ai ntjoulifer, aktivdhoulagr 2326 r GRGUIRE 254,05 aitedng afd®ixiliyg b 40he rever se
step at tinmes caused |nadve ease of the was i pe valve to the

cl osed p03|t|8ﬁﬁﬂ5éﬁﬁ§@‘Pﬂ@ §ﬁ%@ﬁ1%%@ﬁ£ﬁhgﬁ?ﬁ@ﬂﬂ%ﬁﬁﬂ“gggﬁgﬁmhﬁé normal |y
set | ow enougbr thatsieswd F3COT PRIRARNGI 1BoUhlbEGhéYarehBahg Eibsdanadvertent|y.
What then happened with past designs is that subsequent picking up of the

i nner string S$KaBRRERPPYRDXRIShing Apatder 2pd Rpakiflogndhipasht heje 40&6eicwhen in the
circulation ce&tlzgyﬁlﬁtmnm@thgﬁtcﬁm widct @he tR&pMY 330-BGlek RE a8l ation val ve
26, the squeeze position of nulti-acting C|rculat|on val ve 26 can be

qui ckl'y resunbﬁ*ﬂ@ﬂﬁépﬁémﬁﬂ@ﬁ seal 52 with respect to ports 106 to prevent
fluid |osses, ps 1N W @Y SERE RS 161D lletdoo Hf% Jl&a%”i‘l? QA th no risk
of operating the |ow bottom hole pressure bal ve 44 0049]1t is worth
noting that mh@ﬂdﬁheﬂsﬁmhﬁ@1@@@ﬁ§npmcmé®dupﬂmhe Irulnside dgencitigeagi rcul ati on
val ve 26 cont JEe the .p 95 and 97
cone into conzﬁﬁt%n%t a§§b$?% ?ﬁaﬁggﬁpgﬁgﬁmﬁég&géhkg§ﬂﬁﬁ%§§ﬁigs shoul ders
95 and 97 t og@&tfeeingt thdilGs 8k s&ﬂ:s mﬁ\smﬁiqgasﬂletpdlsﬂelaﬂm& uffvlesshifsing very short
di stance prefera r hes pens the pper annul us
56 is in flui 211 cgfﬁ%/raéhglq%ngit |(gﬁvn%wteﬁﬁ§ HE *81\1/\\/\/@?&52% 2MSEFIOP Fhe i nner
string 16 picks up housing 134 of the nulti-acting circul ation valve 26 and
t he equi pnent it supports including the nmetering assenbly 38, the

reci procating set down device 42 and the | ow bottom hol e pressure bal

val ve assenbly 44. This initial novenent of the sleeves 98 and 100 wi t hout
housi ng 134 and the equipnent it supports noving at all is a |lost notion
feature to expose the upper annulus 56 to the | ower annulus 22 before the
bul k of the inner string 16 noves when shoul ders 95 and 97 engage. In
essence mhen the totallty of the |nner strlng assenbly 16 beglns to nove,
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pi cking up the inner string 16 to get valve 44 through bore 40 a third tine
will align the flats 242 and 248 to close the valve 44. Valve 44 can be
reopened wpt2h112028%b down back t hrough bore 40 enough t oPofrfusetioiessd | at s
242 and 248 so that spring 230 can power the valve to open again. [0051] The
only difference between FIGS. 13 and 14 is in FIG 13i conpared to FIG

14i. The difference is that in FIG 14i weight has been set down after

lifting high efpuabhée ddehodladDsd (A1 YRbLLRouINQ BESIeT 1436 28Mmchosatihi ng down
again w thout netering though, which nmeans without lifting valve 44 through

bore 40 al | t R -vigyandrpey steaye 200006 of Hepnsd gelict Ad6 drusgpleaséna slerye down and
avay from theijf4 8t,aRSHANL IGE L 860 ;@ &dcalfiéd SR L8 MP124 R backi ng the

shoul der 218 of the reciprocating ~down devi'ce 42 onto shoulder 219 of

t he outer str itlgmpgicolipfiegcaPefoattiath poie tpoldeye BB meves abeodent weh packer upper
sub 72. The i 1 ol | ~ 2 at seal

26. | Loosz T STpRss PRy SIIRFRGEA IR RARERs BIG pSHARCE T 1 "Geor ee
of parti cul ar rellet fingers 266mdeficcestficiéraly trahgw clhae P68 trpass bedemadé:ti n t he
details of co I [ an arrangenent.  of nts w.thout departing
fromthe spir ?1? ée:ftlnégk‘s ??)eﬁée 2?6 %‘ﬁ?sswhig}lsgIcggtﬁrtse?hquf&%?ggpuﬁ%%(?n %%5% hat the

i nvention is mhbtinlplavet Sthet olettrel IdX e agHchdd ©doanddaivetvehosetopfeadt h her ei n

but is to be Limted onl. t.he scope of the ac cl.ai ms,. including
the full r angéngIP I@gﬁr@%ﬁ%ﬁ%&‘) B greW‘ﬁ ‘gﬂveelﬁ)c ee@?sgmn@g?ﬂe"ylkd?ovieén entitl ed.
VW claim 1. whdselvlitht deead aedtintmebhad 26@1an8 G eeoid1 g6 dalphadl@lve packi ng,

conpri si ng; running.jin outer as ly that c ri.ses packer, an
outer string %ﬂ%ﬁﬁ?%@ﬂr%§k§é%gaﬂg@KEFbﬁﬁﬁﬁgééﬁﬁﬁ3“?bﬁ§ieﬂgié%gﬁne screen
and further copriEhJ6abmkeasi ofOMRe Holt Thisayéks dmené 1beimnarnisaid packer and
sai d screen; .. supporting said outer assenbly with an jnner string
assenbly for PYHIGNAhHEY BmE sleeyen bk widk Rlpgkgparts 20nfismy thesannplug g2 50 support ed on

a runni ng strifga3chdhch LBAETaSHIiAG B $EOR! X8 GO PRIduSE thrdughl @SSover tool
to selectively allow gravel to pass through the inner stri n% and out toward

sai d outer exbereqporpolohoypl andolreiehde eatkcy 18ite Hhy stricasTheopiong t hrough
sai d screen apd SAlddnGIARIREH bt Rkt 1 AThHBRE 28N hdihaAgkiiRRd above said

packer and around said running string;
string 16 is lowered so that shoulder 257 engages shoulder 270 on sleeve 260

to pull sleeve 260 off of collets 266. Sleeve 114 and with it the sleeve with
ports 20 will get pushed down until collets 116 go into groove 272 so that
sleeve 260 can go over them and shoulder 257can release from sleeve 260
leaving the sleeve 114 locked in the same position it was in for run in as
shown in FIG. 8e. Sleeve 114 is lockable at its opposed end positions.

[0046]  Referring now to FIGS. 11a-j, the squeeze position is shown.
Comparing FIG. 11 to FIG. 8 it can be seen that there are several differences.
As seen in FIG. 11e, the ball 48 has landed on seat 118 breaking shear pin 124
as the shifting of seat 118 allows the flapper 120 to close. The packer 18 has
been set with pressure against the landed ball 48. With the packer 18 set the
work string 12 picks up the inner string assembly 16 as shown in FIG. 11a
such that the multi-acting circulation valve 26 as shown in FIG. 11c now has
its collets 50 sitting on the packer upper sub 72 where formerly during run in
the top 90 of the multi-acting circulation valve 26 sat during run in as shown
in FIG. 8b. With the weight set down on the inner assembly 16 the seal 52 is

below ports 106 so that a return path 138 is closed. This isolates the upper

14



setting said packer to isolate a zone in a wellbore for said screen from
sai d upper annulus and define a | ower annul us; defining a squeeze

posi ti on worofiemeieng fluid into the wel |l bore through saipdTiusemwo/oass8ul us, a
circulate position where gravel is deposited in said | ower annulus and
returns conme through said screen and past said packer to said upper annul us
and a reverse position where gravel in said inner string above said

crossover canahRidse36elSeHIPU) fdn tescildhd BRE shdWh) B liRt foMBaddRVREENt Of at
| east a portion of said inner string with respect to said packer;

provi di ng a shieaitgd e thehzlqtile dlows dgs plleanative Ppsihying PoreabP2 bl ocki ng
sai d crossovepet 3hd f 1%%@ se@e%k@ﬁosmn BRd %tassaﬂlgual éﬁﬁ@&%&%ht ion where

said outer exit port Is blocked to allow production to flow from said
screen to sai dosfaukdrscalrd bangaboue fpa@%lﬂmﬁma@meae pmb@tueltd ghdetvring i nserted

2‘:; er removal qcp;es%ﬂhg dn{ép% ‘16 g pgﬁﬁ?rmﬂl M6, 1kt caI'%@ Hi%‘leg%gta gclaimi,
I'T'pI’ISI ng.: ectivel ng Ssail eeve I n at ne O sai d
posi ti ons. Sﬁﬂﬁmemﬁmuwo$1mbﬂ&ﬂ@nnmzmsedwpmﬁspm@ams@béﬁmawemymyocklng sai d
S| ﬁﬁ;’lenl n tV\Dbé) f ltogf%l q'hg Ie%%ﬁe w1tﬁout-ﬂa\e/i&g%ﬁg ratgftl;rl"e l Er(])tlgl(‘)m FQepr | sing:
g said outer exi ot port onh a ported®s ve 't "oves i'n-tandem with
said sliding piemmebdNﬁl@OMlivﬁ&B&Mﬁ’CMaUﬁﬂ@etﬁ)km%&e movements will
not swab the formation as those uphole movements are made with flow
communication to the upper annulus 56 while fluid loss to the formation can
be dealt with in the multi-acting circulation valve 26 being in the closed
position by setting down with the j-slot 96 into the reverse position.
[0047] It should also be noted that the internal gravel exit ports 30 are
now well above the sliding sleeve 114 that initially blocked them to allow the
packer 18 to be set. This is shown in FIGS. 11d-e. As shown in FIG. 3 and
FIG. 11f, the metering dogs 170 of the metering device 38 are in bore 40 as is
the reciprocating set down device assembly 42 shown in FIG. 11i. The low
bottom hole pressure ball valve 44 is below bore 40 and will stay there when
shifting between the squeeze and circulate positions of FIGS. 3 and 4.
[0048] FIG. 12 is similar to FIG. 11 with the main difference being
that the j-slot 96 puts sleeves 98 and 100 in a different position after picking
up and setting down weight on the inner string 16 so that the seal 52 is above
the ports 106 opening a return path 138 through the ports 106 to the upper
annulus 56. This is shown in FIG. 12c¢c-d. The established circulation path is
down the inner string 16 through passage 82 and out ports 30 and then ports
20 to the outer annulus 22 followed by going through the screens (not shown)
and then back up the inner string 16 to passage 138 and through ports 106 and
into the upper annulus 56. It should also be noted that the squeeze position of
FIG. 11 can be returned to from the FIG. 12 circulation position by simply
picking up the inner string 16 and setting it down again using j-slot 96 with the
multi-acting circulation valve 26 supported off the packer upper sub 72 at
collets 50. This is significant for several reasons. First the same landing

position on the packer upper sub 72 is used for circulation and squeezing as
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5. The method of claim1l, conprising: shifting said ported sl eeve under
said outer string to close said exit port. 6. The nethod of claim1,
conpri si nyo 2011/028pPovi di ng a | ocki ng sl eeve on said sli@cmgiSsdiemvese hat
noves relative to or in tandemw th said sliding sleeve. 7. The met hod of
claim6, conprising: engagi ng said | ocking sleeve with a shifter
nounted to said inner string assenbly. 8. The nethod of claim?7,

conpri sing:  oppos&PRdfdatilckids i dqSihiafibRfingd 2 KRAIRARCRR 1HcdiosKiong sl eeve in
a manner that allows said shifter to nove said | ocking sleeve in opposed
directions. 9hoThEVhRsHiES 1usiigaiome Foukigaplesis vl if the proper location

has been landed on by a locating collet. Switching between circulate and
squeeze also poses no danger of closing the low bottom hole pressure ball
valve 44 so that there is no risk of swabbing in future picking up of the inner
string 16. In prior designs the uncertainty of attaining the correct locations
mainly for the reverse step at times caused inadvertent release of the wash
pipe valve to the closed position because the shear mechanism holding it open
was normally set low enough that surface personnel could easily shear it
inadvertently. What then happened with past designs is that subsequent
picking up of the inner string swabbed the well. Apart from this advantage,
even when in the circulation configuration of FIG. 12 for the multi-acting
circulation valve 26, the squeeze position of multi-acting circulation valve 26
can be quickly resumed to reposition seal 52 with respect to ports 106 to
prevent fluid losses, when in the reverse position, to the formation with no risk
of operating the low bottom hole pressure ball valve 44.

[0049]  Itis worth noting that when the string 12 is picked up the multi-
acting circulation valve 26 continues to rest on the packer sub 72 until
shoulders 95 and 97 come into contact. It is during that initial movement that
brings shoulders 95 and 97 together that seal 52 moves past ports 106. This is
a very short distance preferably under a few inches. When this happens the
upper annulus 56 is in fluid communication with the lower annulus 22 before
the inner string 16 picks up housing 134 of the multi-acting circulation valve
26 and the equipment it supports including the metering assembly 38, the
reciprocating set down device 42 and the low bottom hole pressure ball valve
assembly 44. This initial movement of the sleeves 98 and 100 without
housing 134 and the equipment it supports moving at all is a lost motion
feature to expose the upper annulus 56 to the lower annulus 22 before the bulk
of the inner string 16 moves when shoulders 95 and 97 engage. In essence
when the totality of the inner string assembly 16 begins to move, the upper
annulus 56 is already communicating with the lower annulus 22 to prevent
swabbing. The j-slot assembly 96 and the connected sleeves 98 and 100 are

capable of being operated to switch between the squeeze and circulate
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aligning said | ocking sleeve with a first | ocking dog when said first

| ocking dog is in a first groove in said outer string to define |ocking
sai d slidvogoslesise in said first position. 10. The net iraui/uskololoadsse 9
conpri si ng: noving said | ocking sleeve axially away fromsaid first

| ocki ng dog; unl ocking said sliding sleeve by msaligning said | ocking

sl eeve and said first |ocking dog. 11. The nmethod of claim 10, conprising:

novi ng said |9§§fﬁd”1'1§ “ﬁdhgﬁ\aﬁt@ﬁb Mtfer &rife 2O Bl AKDBi-LBe ORcudAbA sl i ding
sl eeve; shifting said ng»sleeve with said shifter noving said

| ocki ng sl eevéalaydh pkitshouging déb th%d?@wnblséwys ¢y ( TheowehigB @l of cl ai m 11,
conprising:  hoce BRY gaatléﬁ' e %@s‘é%@ SOk Rig QP&e'sJal?nQ tﬂhé qAENL,WM th a

second groove I n sal outer stri ng, novi ng sai d | ocki ng sl eeve into
al i gnment  wi t hsssranet of @pomek Yrobk ipryt aioglus 36 befaps wavieg e dwyed phivieki ng dog i n

ig' dTﬁgcﬁgfhggf’%}!‘?%;{egl&rniqh%& ia%‘cgtrlf%?&}ggﬁh% gli:lrgliepgdvﬁhtggev(% JubkRAligiseGend posi tion.

the upper annulus 56 if there is a sudden fluid loss to the lower annulus 22 by
at most a short pickup and set down if the multi-acting circulation valve 26
was in the circulate position at the time of the onset of the fluid loss. This is to
be contrasted with prior designs that inevitably have to move the entire inner
string assembly to assume the squeeze, circulate and reverse positions forcing
movement of several feet before a port is brought into position to
communicate the upper annulus to the lower annulus and in the meantime the
well can be swabbed during that long movement of the entire inner string with
respect to the packer bore.

[0050] In FIG. 13 the inner string 16 has been picked up to get the
gravel exit ports 30 out of the packer upper sub 72 as shown in FIG. 13e. The
travel limit of the string 16 is reached when the metering dogs 170 shoulder
out at shoulder 186 as shown in FIG. 13f-g and get support from humps 176
and 178. At this time the reciprocating set down device 42 shown in FIG. 13i
is out of bore 40 so that when weight is set down on the inner string 16 after
getting to the FIG. 13 position and as shown in FIG. 13i, the travel stop 224
will land on shoulder 226 which will put hump 228 behind shoulder 218 and
trap shoulder 218 to shoulder 219 on the outer string 24 supported by the
packer 18. As stated before, the reciprocating set down device 42 has a j-slot
assembly 220 shown in FIG. 13h that will allow it to collapse past shoulder
219 simply by picking up off of shoulder 219 and setting right back down
again. By executing the metering operation and displacing enough hydraulic
fluid from reservoir 190 shown in FIG. 13g the low bottom hole pressure ball
valve 44 is pulled through bore 40 that is now located below FIG. 13j. Pulling
valve 44 once through bore 40 turns its j-slot 234 90 degrees but flats 242 and
248 in FIGS. 10a-b are still offset. Going back down all the way through bore
40 will result in another 90 degree rotation of the j-slot 234 with the flats 242

and 248 still being out of alignment and the valve 44 is still open. However,
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engagi ng a shoul der on said sliding sleeve with said shifter;

retracting said shifter fromsaid | ocking sleeve with said | ocking sleeve
over sai daweeonrdsicocki ng dog; renovi ng said i nner stringCadasentdoloyessd4. The
nmet hod of claim8, conprising: configuring said shifter as a plurality
of flexible collets having an outer engaging surface that further conprises
opposed upper and |l ower radial surfaces. 15. The nethod of claim 14,

conprising:  picking Qﬁftﬂegﬁﬁér @191n§ 615 @ sRCkVOM ﬁﬁ&%ﬁ%oi@' 4o @ Like&yin engagi ng
surface with opposed der and | ower extend |ngvsur aces; said | ower

radial surf acalighe Ak 24Riend 28 &oripst Be apyaddsVaus a4 Gopbs roppredl surface of
sai d | ocki ng %ﬁ%@t éo@n%géﬁ&lroﬁglﬁgoréhbghdﬁ%h% SR¥enE TRl AkLst to said

second positions. . The nethod of claim9, conprising:
that spnng 230 can power the valve to open again.

[0051] The only difference between FIGS. 13 and 14 is in FIG. 13i
compared to FIG. 14i. The difference is that in FIG. 14i weight has been set
down after lifting high enough to get dogs 170 up to shoulder 186 and setting
down again without metering though, which means without lifting valve 44
through bore 40 all the way. FIG. 14f shows the dogs 170 after setting down
and away from their stop shoulder 186. FIG. 14i shows the hump 228 backing
the shoulder 218 of the reciprocating set down device 42 onto shoulder 219 of
the outer string 24. Note also that the ports 30 are above the packer upper sub
72. The inner string 16 is sealed in the packer upper sub 72 at seal 28.

[0052] While the invention has been described with a certain degree of
particularity, it is manifest that many changes may be made in the details of
construction and the arrangement of components without departing from the
spirit and scope of this disclosure. It is understood that the invention is not
limited to the exemplified embodiments set forth herein but is to be limited
only by the scope of the attached claims, including the full range of

equivalency to which each element thereof is entitled.
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using a series of collet heads supported on fingers extending froma ring
nmounted to said sliding sleeve as said first |ocking dog. 17. The nethod of

cl ai m 11, woanmwaz28iong: using a series of collet hea®cTAIsPEONIESEH ON
fingers extending froma ring nounted to said sliding sleeve as said second
| ocki ng dog. 18. The nethod of claim 11, conprising: using a series of

col l et heads supported on fingers extending froma ring nounted to said
sliding S|eevewﬁ§m§@id first Iocking dog; overlapping said rings. 19. The
met hod of claimb5, n§r|3|n (PFOVIdIng a seal between said ported
sl eeve and saild oui\e trtﬁeﬁgletlb gethed Sfar gsaaqzingpand . epel PAEiREet hod of
claim 19, conpgisig using a series of axially aligned rows of ports

as said exit por and circunferentially spacing said rows on said ported
s| eeve. running in an outer assembly that comprises a packer, an outer string

supported by said packer and leading to at least one screen and further
comprising at least one outer exit port between said packer and said screen;

supporting said outer assembly with an inner string assembly for run in
where the inner string assembly is in turn supported on a running string and
the inner string assembly comprises a crossover tool to selectively allow
gravel to pass through the inner string and out toward said outer exit port of
said outer assembly with returns coming through said screen and said
crossover tool to an upper annulus defined above said packer and around said
running string;

setting said packer to isolate a zone in a wellbore for said screen from
said upper annulus and define a lower annulus;

defining a squeeze position for forcing fluid into the wellbore through
said lower annulus, a circulate position where gravel is deposited in said lower
annulus and returns come through said screen and past said packer to said
upper annulus and a reverse position where gravel in said inner string above
said crossover can be reversed out to the surface, by relative movement of at
least a portion of said inner string with respect to said packer;

providing a sliding sleeve having at least a first position of blocking
said crossover to allow said packer to be set and a second position where said
outer exit port is blocked to allow production to flow from said screen to said
packer and to a surface through a production string inserted after removal of
said inner string assembly.
2. The method of claim 1, comprising:

selectively locking said sleeve in at least one of said positions.
3. The method of claim 2, comprising:

selectively locking said sleeve in two of said positions.
4. The method of claim 1, comprising:

mounting said outer exit port on a ported sleeve that moves in tandem

with said sliding sleeve.
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21. The nethod of claim 1, conprising: exposing a seal bore within
said sliding sleeve by renoving the inner string assenbly fromsaid outer
assenbl y. w0 2011/028560 PCT/US2010/046580

5. The method of claim 1, comprising:

shifting said ported sleeve under said outer string to close said exit
port.
6. The method of claim 1, comprising:

providing a locking sleeve on said sliding sleeve that moves relative to
or in tandem with said sliding sleeve.
7. The method of claim 6, comprising:

engaging said locking sleeve with a shifter mounted to said inner string
assembly.
8. The method of claim 7, comprising:

configuring said shifter to engage said locking sleeve in a manner that
allows said shifter to move said locking sleeve in opposed directions.
0. The method of claim 7, comprising:

aligning said locking sleeve with a first locking dog when said first
locking dog is in a first groove in said outer string to define locking said
sliding sleeve in said first position.
10. The method of claim 9, comprising:

moving said locking sleeve axially away from said first locking dog;

unlocking said sliding sleeve by misaligning said locking sleeve and
said first locking dog.
11. The method of claim 10, comprising:

moving said locking sleeve against a second locking dog on said
sliding sleeve;

shifting said sliding sleeve with said shifter moving said locking sleeve
against said second locking dog.
12. The method of claim 11, comprising:

moving said second locking dog into alignment with a second groove
in said outer string;

moving said locking sleeve into alignment with said second locking
dog to trap said second locking dog in said second groove for locking said
sliding sleeve in said second position.
13. The method of claim 12, comprising:

engaging a shoulder on said sliding sleeve with said shifter;
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retracting said shifter from said locking sleeve with said locking sleeve
over said second locking dog;

removing said inner string assembly.
14. The method of claim 8, comprising:

configuring said shifter as a plurality of flexible collets having an outer
engaging surface that further comprises opposed upper and lower radial
surfaces.
15. The method of claim 14, comprising:

configuring said locking sleeve with an inner engaging surface with
opposed upper and lower extending surfaces;

said lower radial surface of said shifter collets engages said upper
radial surface of said locking sleeve to shift said sliding sleeve from said first
to said second positions.
16. The method of claim 9, comprising:

using a series of collet heads supported on fingers extending from a
ring mounted to said sliding sleeve as said first locking dog.
17. The method of claim 11, comprising:

using a series of collet heads supported on fingers extending from a
ring mounted to said sliding sleeve as said second locking dog.
18. The method of claim 11, comprising:

using a series of collet heads supported on fingers extending from a
ring mounted to said sliding sleeve as said first locking dog;

overlapping said rings.
19. The method of claim S, comprising:

providing a seal between said ported sleeve and said outer string to seal
said exit port.
20. The method of claim 19, comprising:

using a series of axially aligned rows of ports as said exit port and
circumferentially spacing said rows on said ported sleeve.
21. The method of claim 1, comprising:

exposing a seal bore within said sliding sleeve by removing the inner

string assembly from said outer assembly.
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