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FIELD OF THE INVENTION

[0001] The field of this invention relates to gravel packing and
fracturing tools used to treat formations and to deposit gravel outside of
screens for improved production flow through the screens.

BACKGROUND OF THE INVENTION

[0002] 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. 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 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 11/586,235 filed October 25, 2006 and application
12/250,065 filed October 13. 2008. Locator tools that use displacement of
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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 pattern of passing through the bore in an opposed
direction and then picking up to get the collets against the bore they just

passed through in the opposite direction that gets the valve to close. Generally
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[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 jet valve allows switching between the squeeze and
circulation positions without risk of closing the wash pipe valve. The wash
pipe valve can only be closed with multiple movements in opposed direction
that occur after a predetermined force is held for a finite time to allow

movement that arms the wash pipe valve. The jet valve can prevent fluid loss
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conponent s i NThiGerdidddf hidvERSHS A1 B1odk B hdefarn Path So thR@hY h@Mfo FIG 1 in
the packer set osition; [0012]FIG 3 is the viewof FIG 2 in the squeeze
posi tion; o 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;

[0018] FIGS. 9a-b the optional additional ball seat in the jet valve
before and after dropping the ball to shift a ball seat to allow acidizing after
gravel packing on the way out of the hole;

[0019] FIGS. 10a-c are isometric views of the 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;
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[0013]FIG 4 is the viewof FIG 3 in the circulate position; [0014]FIG 5
Is the viewof FIG 4 in the nmetering position which is also the reverse
out posi twornp11jiB®&bs] FI G 6 shows how to armthe wash pi peTuskve/ngess hat a
subsequent predeterm ned novenent of the inner string can close the wash
pi pe valve; [0016]FIG 7 is simlar to FIG 5 but the wash pipe val ve has
been cl osed and the inner assenbly is in position for pulling out of the
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FIG 1; can be deposited, for example;

[0022]  FIGS. 13a-j show the metering position which can arm the
wash pipe valve to then close; and

[0023]  FIGS. 14a-j show the apparatus in the reverse position with the
wash pipe 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 jet valve or ported
valve assembly 26 that is located below the packer 18 for run in. Seals 28 are
below the jet valve 26 to selectively seal into the packer bore for the squeeze
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 collets 38 are shown initially in bore 40 while
the smart collet 42 and the wash pipe valve assembly 44 are supported below
bore 40. Alternatively, the entire assembly of collets 38, smart collet 42 and
wash pipe assembly 44 can be out of bore 40 for run in. Valve assembly 44 is
locked open for run in. A ball seat 46 receives a ball 48, as shown in FIG. 2
for setting the packer 18.

[0027]  When the packer 18 has been positioned in the proper location
and is ready to be set, the ball 48 is pumped to seat 46 with ports 30 in the
closed position, as previously described. The applied pressure sets a known

packer setting tool and the packer 18 is now set in the FIG. 2 position. Arrows



[0018] FIGS. 9a-b the optional additional ball seat in the jet valve before
and after dropping the ball to shift a ball seat to allow acidizing after
gravel pawRizog/omothe way out of the hole; [0019] FI GS. POaAIS2&m0m4658bnetric
views of the ball valve assenbly that is |ocated near the | ower end of the
i nner string; [0020]FIGS. Ila-j show the tool in the squeeze position of
FIG 3; WD 2011/ 034694PCT/ US2010/ 046583 [0021] FI GS. 12a-j show the tool in

R T R Tt e
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 jet
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 jet 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 on 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 smart collet42 come out of bore 40 so that it
can land on shoulder 66 for selective support. Picking up the smart collet 42
off shoulder 66 and then setting it down again will allow the smart collet 42 to
re-enter bore 40.

[0030]  Once the valve assembly 44 is pulled past bore 40 as shown in
FIG. 6 it is armed. This means that pushing valve assembly back through bore
40 followed by picking up to pull valve assembly 44 back into bore 40 will
close the valve assembly 44. The valve assembly can re-enter bore 40 to go to

the FIG. 7 position for coming out of the hole. It should be noted that



wash pipe valve to then close; and [0023] FIGS. 14a-j show the apparatus in
the reverse position with the wash pipe val ve open. DETAI LED DESCRI PTI ON OF
THE PREFBRBED 1HSBODI VENT [0024] Referring to FIG 1pCa/vsedtoloedse3 10 t hat
can be cased or open hole has in it a work string 12 that delivers an outer
assenbly 14 and an inner assenbly 16. At the top of the outer assenbly is
the isolation packer 18 which is unset for runin FIG 1. A plurality of
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2 for settingynRuiR@GkRr701Bing slceve 78 that has flexible collets at its lower end

supported for the setting by sleeve 80. After a high enough pressure to set the
packer 18 has been applied in passage 86 and into ports 84, sleeve 80 is
pushed up to undermine the fingers at the lower end of sleeve 78 so that the
packer upper sub 72 is released by the setting tool 70. The initial buildup of
pressure in passage 82 communicates through ports 86 in FIG. 1a 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 88 and slip assembly 87. 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.

[0032] Continuing down on the outside of the packer 18 to FIG. 8d
there are gravel slurry outlets 20 also shown in FIG. 1 which are a series of
holes in axial rows that can be the same size or progressively larger in a
downhole direction and they can be slant cut to be oriented in a downhole
direction. These openings 20 have a clear shot into the lower annulus 22
shown in FIG. 1. Continuing at FIG. 8d and below the string 24 continues to
the screens that are not shown.

[0033] Referring now to FIGS. 8b-d the jet tool 26 will now be
described. The top of the tool 26 is at 90 and rests on the packer upper sub 72



[ 0027] When t he packer 18 has been positioned in the proper location and is
ready to be set, the ball 48 is punped to seat 46 with ports 30 in the

cl osed pospt2oom346@8 previ ously descri bed. The applied pPeTAS2@09e4583 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
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the screens (not shown) is shown by arrows 60. The p03|t|ons in FIGS. 3 and
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sel ective SUDRYY Gy h tl%kﬂapl@{ﬁ}éﬁhow% i Ut fnt%ln'ggflgg ig%ﬁge%%%%ﬂel g66 and then

setting it down again ow t 0 re-enter bore 40.
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
that if the screens get stuck during run in they can be rotated to free them.
After the proper placement for the packer 18 is obtained, the rotational lock of
item 130 is no longer needed and it is forced up to release by pressure in
passage 82 after the ball is dropped. Piston 134 is then pushed down to set the
packer 18 and then piston 136 can move to prevent overstressing the packer
seal and slip assembly 88 during the setting process. The setting tool 70 is now
released from the packer upper sub 72 and the string 12 can be manipulated.

[0036] Coming back to FIGS. 8b-c, with the packer 18 set, the top 90
of the jet tool 26 can be raised up by pulling up on sleeves 98 and 100 to raise
mandrel 94 after shoulders 95 and 97 engage, which puts groove 134 behind
collets 50 while compressing spring 92. Ultimately the collets 50 will spring

8



[ 0030] Once the valve assenbly 44 is pulled past bore 40 as shown in FIG 6
it is arnmed. This neans that pushing val ve assenbly back through bore 40
fol | owed WO 2picidiéyg up to pull val ve assenbly 44 back i RCE/USO016/046383 | |

cl ose the val ve assenbly 44. The val ve assenbly can re-enter bore 40 to go
to the FIG 7 position for comng out of the hole. It should be noted that
reversing out can be done in the FIG 5 or FIG 7 positions with valve 44
open or cl osedy Ohd €h Ana Y81/ ety RAMCNGbPRER fihdREY4 Can De
reopened by Ia%da' ngellta onhﬁﬁ r a tcaer Pllftl ng past e!nt and t hen
setting down welghtything thal[mgﬂ?n Fhr@@dlr&asle&jve 1ehseweried offighetpadieri n t he run

i n position. o d d fromtop to
bottomto bet Qpr% gé?%l lel ﬁﬂﬂg?&ﬁﬁf ) Jonn‘%%?ed %J%ée}{egeg}ﬁfglrl&] ﬁ)gdl&{l g%al details
and optional feapuked upiahd ddyen aielsnpolbmuttlbmvvitbybe]dt M/camh‘emsecqmsmtl al
operation that_bui on.the.disc RL d w 7. The work
stri ng 12 i's Esvﬁoommgl% l?ﬁa@mé‘fmrap&% ptaﬁlg atsop%gfn ef?lﬁe O%%fclﬁ&eqsn 1%tl ng tool 70
that is a know @dakd @n.pokitiony @ aliecissldt@lp alid seal Wﬂmsebélobyhenﬁ;trallnﬁ ng the

packer upper su ushi ng down .t he pack r tti eve 74 with its
own sl eeve 76% Eﬁﬂgn&aﬁﬁ}eg fx[ OﬂéeﬁBosftﬂmiQ;ﬂ??érs l?§ fﬂ%&t“fl MYt ool 70 using

sl eeve 78 t hatp hasvd kl%xpdil’tsel(-l@uneéﬁerﬂ:ta dehis 52 avan tﬁ@detsupwl@wt pdnfor the
setting by sleeve 80  After ﬁ? enough pressure to set the packer 18 has
been appl i ed rqpreﬁgggda etrer’s ¢ ipdhq dreglate rapdeayhichemppens yhehed up to

under m ne t hegdal BYQSHoRt pérﬁel%QYi@ﬁhe%deeQé pSi@VBhefS R QedubtBpatt e packer
upper sub 72 |s rel eased %t he setti n& tool 70. The initial buildup of
pressure in pHSIRpY Woulppaisiilessd asintftiod ghd Poke &g peritign & Fl$i. 5 t o nove
the setting skgeve 76 of the setting tool 70 down agai nst the packer

setting sleeve 74 to set the packer 18 by pushing out the seal 88 and slip
assenbly 87. It [083%hor tThshewtd brgnatethihai eyershiemp thef aspenddy efrbleryen@Bit t he packer

setting tool 1Ps ‘%%QJQ r ressure is
t hen rel easedglgérlgﬂda@guoﬁ%%ﬁh@hgg&?l%?‘g I?(I% a%ﬁ‘; cklg{r? aﬁdﬁ% t %&gr k string to
make sure thewsl bq)spehavélesepermmoqdes $6; Thitis sigeificapoimthaipt psentethe s appl i ed

again. 'Sl eeve 00, b 1oV WNER ROR0. RSl % BRLLE, 18933 gpki nui ng dovwr

on the outsid he pac re areé grave rry outlets
20 al so shown _anonnd:tlhemn]:r yiting b6 svhen disseised®r ofiy fmo&:tem thn rasxin@gbf thows t hat can

be the sane size |ve in a rec n and they
oan be siant kit il B RR TS B B B A St ERR D pon nge 30
have a cl ear shtrihdntad td e fdroagdsn. AR mdndsned Defohomnving up-to@pedate ®@ONt | Nui ng at
FIG 8d and below the stri n 24 continues to the sc s_that are not
Chown. " [ 0033] FEPLI Pl hb e TR ErESE (HBE RS PPatoR arODes 8 1 Mifow be
descri bed. Thegott@a@fthd Wivet4aqlor 261 it Swa (h Qoraador. €8¢ Sorifontneop@eker upper

sub 72 for run |n Sprln | oaded collets 50 shown extended in the squeeze
position of FicGvalge %WeéloWe'?eﬁn éﬁﬁﬁp"@t ?W%Veb%We‘F aﬁﬁB%‘?nalsiiﬂ?StW“BS‘/ a spring

92. Upper mandhelk d@4reft RAI36I ol db0ve piRerne en e RetiPdidfelet TRESI ti ON
j-slot assenbly 96. The |-slot assenbly 96 operably connects the assenbly

of connect ed Blgewed! 9B akematpe srebodipdt df l9allow) pEnping dlid dpvif nat es at a
| ower end 102 AsQagF'fié aSthe 1§H&pﬁﬁﬁge% By rRALE %'nd 94 Hl&ckp&'iﬁse& ghgeve 104 that

has ports 106 through which flowTepresented by arrows 60 in FIG 4 will
pass in the CFQS@@P@tSiOdhatrﬁmbPWﬁ dee atssge Sstﬂllgptdewna%Wéowrepé 106. Bel ow

ports 106 'lioéf(;%h@ﬁ{%{ %hiﬁgﬁgst%l% opten@glygagtrf]%e[ og‘?%ht‘idg% s bel ow the

| ower end e packer "upper ‘sub te al so
that sleeve 10@hmobescreing with asileevie 1000r ¢rdatf tltvaanmtrtrg 180n@eveped for run

in by sleeve d.b 118&wp FIG 8e. Ports 30 need to be
covered so th"!ﬁ]éqtO g(rnllg&%‘gway%m rq%ep‘xé%l onto seat 118 the passage 82 can be

pressured up to [9838]t hadipaokeiin d@litional perspective, it is worth noting that the
return path 138 around the flapper 120 in FIG. 8e starts below the ports 30
and bypasses them as shown by the paths in hidden lines and then continues in

the run in position until closed off at seal 52 just below the ports 106 in FIG.
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[ 0034] A fl apper 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 presswpeoiwn3p@gsage 82 is built up, the flapper is aCraseadonesspring
cl osed agai nst seat 126 so that downhol e pressure surges that m ght bl ow
the ball (not shown in this view) off of seat 118 will be stopped.

[ 0035] Goi ng back to FIGS. 8a-b, when pressure builds on passage 82 it wll
go through po%ESRéf%ﬁlW%ﬂﬂvJ oGS é/r?lil'%qras i&'?bgﬂe QUBhe £ Of lgasve 130
serves as a rotationa to t packe y or “upper sub 72 during run
in so that ifadded (serebersegepartsfl@ hadignisidy prud49 o thhep aadparbbl2f ot ated to
free them Af r. e t e i ned, the
rot ati onal Ioc%{ %S?CR 19%%6 ?Ast%?lﬂoq(ﬁ)genth%r&tﬁatég hg‘%%eh(gsglgéﬁflg%@d up to

rel ease by pr elssurtte hati spfaﬂi&gxat B2 lasétﬂe:rsetﬂnepb@ldet 18 snddhgppgdwnRast on 134 is
t hen pushed d set d th 1 n_pove to
revent over s Bdti Fgn ol FisCREFRL adfbodntint 3B B RBrg 8RS Be g he
setting proceﬂﬁtth@balmltsmagirbpmﬂuﬂtﬂ alftSrthegtamlpaa&@anﬂrramsﬁﬂgeowacker upper

b 72 dth b d back
Pls Ceora. | wieR thatps s ianecrel Hu A€oty b PR bR b g Sa aan_be

rai sed up by pidhrhipa@ ua’lgmlsihe@vmn&s ipdsed Qoligh paal HQ’ MAEKk al4 94 af ter
shoul ders 95 and, 97 eng age]%g/n puts groove 134 behind collets 50 while
conpressi ng sprd M 92 hagieliIRgt e e Priericeaf gt BOsEor 1P aedieldigostit at the

| ocati on wher gy tQR B2Gn8Q54. SPo'rt@qsé ed JrRetitdm p&is 15074nb arBiBslAGH HP4 and
everything that hangs on it including sleeve 104, supgorted off the packer

upper sub 72 98 B¥sSEADRG Bl Ebnliads eyscet defldd 93 dagdo2 soPaaiite

mani pul at ed URiRAS. 0 P39 ARG s@at(i@@hﬂéﬂﬁéslsﬁl@ bWfidsho LiadekRine 86osC@R sGOME L O rest
at two possible locations after a pickup and a set down force of afinite

| engt h. | n onéabpart KO capphifislemnitopleengiors A&0 pndsiSetbeoeen palsskglang2 wi | | be
bel ow t he por i IM@@ of the
j-slot 96 thet1§4e?'§ﬁl %avﬁé%%\%l glﬁggogt\g/ydtﬁletﬂg%} 9(5541%8,%% e s%nce seal 52
is in the retdewn phoegepdd hanmepge spimie thidyetamroits 138) tepaust &al 464 n t he
ciroulate mdgiouly ey AARGRP RN 893 aqtanbit (ABRIRLROAS 199 gpd the
squeeze p05|t|on e re urn armul’ls’ 56 i s cl osed as
in FIG 3 andtimn aftblethe pravélpagasy the ﬂnwafowﬁh@e 1I&Epat[103$7v]flllts1r3[ﬁpgd)d be not ed

t hat t . f | 98 00 .i i cked th | 52
Wl eTenY apolns Ao R SR bt AR S e R B ot Ch e SRS SR Looer o

annul us 56. Thhesntesdedipgriobd agmtay iwhidhhiatio hdidipe eventisnet hieing ¢ pated on from
swabbi ng as the i ﬁ1 string 16 is picked up. If there are seals around the
i nner string 7% %ﬂ? % is raised for any function, the raising of the

inner string 16 [0039] I k& PHES BIFIES! aetghm 1hﬁHrrmtngqr; cOftifidHeh SWabbi ng
which is detrinmental to the formtion. menti oned _before npving up to

operate the jsicgne g¢ 546 thak qanHpres e &lerﬁ‘i%“ Ales 1§ 168 18 fES887dhge position

of FIGS. 5 or pleWh} hsstiably 38Gddb&nihBIORN Ve 114dmPRies Wsédes ot asabot he
formati on. The conponents of the jet valve have now been descri bed; however

there is an opt balinte@asgpeNss il hawhBencahepnosadyands: pgterine3eb dibun above

ports 106 in Eésqhunﬁﬁ 178 i ﬁﬁ@{&ﬂﬁﬂ] o}:ﬂ@t BHRROS §rd foB{/e% Phlahingyi ve
enbodi nent is to al'l ow punp %@ _égpassage 82 as the inner string 16
fnpséaétandé

is renmoved anbutta thy ver Sp%ﬂllrgs dofiap escdy afteaeoves I8M punped don
passage 82 wi kg, WMot Qn il ehel RUET7ER I‘Q(ilaﬁ trh&ﬂ)e{ntos Hbilg 136 past the

open val ve 44 #or t he purpose of ?Featl ng e screens with acid
as the |ower entl8f Whae thenmer ssing 16g pléedop.abe dypstlA@ céntinnampong on t he way

out of the wel }F]Pvﬁ’tﬁﬁﬁ é&tQ@é&lcE Lhdthidife ARLMARE ih P03 BELRPGG e 1t 1S

worth noting tha
is reached, however, the dogs 170 go into a bigger bore than the run in

position of FIG. 8f and that is when spring 188 pushes the dogs 170 down
relative to the metering sub 166 to hold the dogs 170 in the radially extended
position up on humps 176 and 178 before the travel stop shoulder 186 is
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return path 138 around the flapper 120 in FIG 8e starts below the ports 30
and bypasses them as shown by the paths in hidden |ines and then conti nues
in the ruwoi2n1p3sdoti on until closed off at seal 52 just Po@lusenviogsspdrts 106
in FIG 8c. Referring nowto FIG 9a part 112" has been redesi gned and
part 140 is added to span between parts 100 that is inside part 140 at the
top and part 112 that surrounds it at the bottom Note that what is shown
in FIGS. 9a-b.l H%qgj R, Set the
packer 18 and t % dﬁ%?%q ]itnnrhprdéiléﬂ)II thi%%&é%%ﬁ tt!ﬁf(%e is opti onalr design for
the jet val vetRglogy lﬂkﬁh@uldelbwt gthas ecbringarith itempyacollet 43b 168 andtthadr opped untii |

String 16 bs FRLaRAKIE AT LAYSI AR FIERS R R FANEME IO (T

t here but nomnlthrqn@smﬁc@ Mbm@tpapsag&l%]t@cheaﬂlbepdﬂ(iwdis@lhcaplsltoihélQSand channel
138" on the exter (S:)rrmonP ke pmeItDOoa(g ‘g‘d I e heeS o} é:suo ed b seal s 152
and 154. Port §&456°h 8 S &% 18 por ¢ and ‘dre 150 3by seal s 154
and 158. Bal | thhd& thaneclse dnms@aiined G tﬂiehﬂleby&trﬁigg6ltﬁ2t fzeﬂ)vepM 'fwﬂbﬂ)@ When bal |
142 | ands on seat, 160 and e bui g o und V\é s 162 so that
part 140 can SRS QoD g Gl fghEorTise §56 MBEu L8R a8 < 055 and
154 whi | e i sobhgdlich hapMhbsit ddkthafly Qmmrdts@m&élﬁewmnsaahlb&&% alNow aci d punped

down passage 82 cannot go uphole into return p%{)‘g 138' because seal 164
bl ocks it. It SHrefpadeds ‘?tytVﬂée% Hilkepep & rstighoPeas anadepae £44d0 138" as by

that time aft efantee19. Rh cRAGKIIMChat Been§ diPhce@UWRNBh& stritOreRab s 138" Wi | |
sinply go to the bottom of the inner str|n3716 as it is pulled out of the

whol e, whi ch Frougho dlietdheierpoprsrgrdsel hngaeay 704 RoR inte gfovercl8diapd as t he
inner string gy %ﬂd@ﬂnlﬁ%uﬁ%rttf&eth@%?s 11083 Bﬁfngrtﬁé ﬂ&eﬁ&%% g6 FI GS. 8e-g
the inner string 16 continues wth ering sub 6 that continues to the
smart col | et &dManae®. (The i@ 44ds nopharmppdttet brbinabe epdsl gosgigni & véhown in FI GS.
1-7. It conpr e internal grooves 172 and
174 near oppog%gﬁ)gﬁe ﬁg{taﬁ??&?&%ﬂ%@%&has gé/rrps 176 and 178 initially
of fset for run ilf04HomRyilogyts m@@naglcﬁub_mwup dter tthe doand78pgti ng.  Hunps
176 and 178 de rQves 1 For LN in the
dogs 170 are r%dla ?d Egéﬁse[ﬁe ?gngglér?tgé)%gvr%vg\%sg%%éo 1% %@f lQoﬁﬁeﬁhlt he i nner
string 16 is mackeds alﬂ,lmahrbeldisgszwﬁl 1d6NBE.Milhe cotets ﬂ@ﬁ wil wietlhogd
interference hittin 6.in FL.G at point is
Feached, - nowel b o st 2305 Phed B2 8 G581 IR BRI 0
position of th}o@tthaladlldtslmlﬁbaskmhﬂn)resmfon@emﬁepmﬁhﬂ&et he dogs 170 down

relative to the ri subl old the in the radially
ext ended positi o[ﬁ&m 0 cf%t %%Basl%a”b"%’f ext‘ %%t“igear?/@ﬁé]faép shoul der

186 is engagﬁﬂzethyra@easecwﬁzld wltﬁradeﬁzeﬁ‘mﬁdlﬁglgqoﬁﬁreemm%&ubs hewkeep novi ng
up after the dogs 170 shoulder out it has to bring with it smart collet sub

168 and that PeUtANaslot22GJRioRg PeRErn BheRthe groukdry SYRPOGthitRN- i s oi |

filled by drivipngee NRweildwdrRMAHIBINQMhdntiee 23DRaE0 Paf @B BRGENeE Hing O Chanber
196 to displace piston 198 1%al nst spring 200. It takes tine to do this and
8

this serves ad6f adypgeguatikshgider 2t2f\§{1ga|gﬁs Relderd26ewhish phoulien?0d on t he
i nner string ﬂ&xztsbﬁﬂon!@bé/c%ué&“thx\ﬂsﬂldul&? 278 'I{%dfoﬁﬁd M\ﬁﬂ iiddidenafly |'f the

orifice 192 |s§g hi gher force can be applied than what it normal |y
takes to di spwiaehg H@ubiers PomdcRarperging huapd28 wpich migjo |abaiaent saf ety val ve

202 wil | Openwﬁtgesgl g 9%‘118284%}%% Ewg AMHELIRYE QZQ@tIJ% o1 G SG&?Jn 6. \hen

enough oil has ace I nner string rmve enough to all ow
t he opposed erudwldef 2181§hiddﬂ;$10w17®1 tthenq@w[mngnmbthgmy@mesmt&msaﬁﬂl%m to

under m ne suppo Q 17 n ring 16
advance up. Tﬁearnéa? \?[go%%%r 8§n 8 an%f Sg]tn% #ﬁgigétp uego%{esna%)o!él tion. It
wi |l take | owstrouhigr 218 arddacnates Ithfgtwoa;bmmod{irstoo 2eto ihiat wherciveight. is

again set down the hump 228 will not ride down to the shoulder 218 to support

it so that the collet assembly 214, 216 will simple collapse inwardly if weight
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[ 0040] Pul ling the netering sub 166 up after the dogs 170 get underm ned
brings the collets 206 on val ve assenbly 44 into narrow bore 40 that starts
at 210 amsoend#3at94212 in FIG 8g. The collets 206 w | | pogas2e10/0gesback

t hrough bore 40 to 210 and then the inner string 16 will need to be picked
up to get the collets 206 back into bore 40 for the valve 44 to cl ose.
[0041] The smart collet 42 has an array of erxibIe fingers 214 that have a

rai sed sectiop 218 W &hu%n& ONRget éﬁfi%% &rg%me%ﬁag,esum@é SuchSs @ two

position j-slot 220. In one position e shou r 218 1's supported,
the j-slot 2201Zintdis8d. oner smart col | et nandrel 222 that is part of the

i nner string ;GIPBJﬁquﬂggPH%B%ecause ?h% ?ﬁgﬁsggfggqggﬁ(y& %QEZZG whi ch

shoul der 226 i s now suppor ound support.
CoincidentalIywmmhhaﬁhmbbh@umubeszﬁ&ddﬁdSZEﬁleﬂgagmngheVthﬂ4ZQ8 cones into
al i gnment wit 1 collet 42 e held in

position of f glﬁ (t)a ecfj toﬁ_(ge ?rxm&he open é)ﬁSlp 16 T8 ing ang tIFourglh vario

own in aﬁ “%he reverse
posi tions of Etb@&ho&nanHGE 1HOS\@M@r2,30plrgEkth’eg)a1]ﬂ32hﬁ)llhlbﬁ&’n @kitibng 16 gets

hunp 228 above, shoyl 1 uat es t ositio sl ot 220 so
Chat ahen aet GHECH 8 A6 41oR Be PG B 2l Pt BaPRroibt Wi Bown o ¢he
shoul der 218 tiot siepiR@isin 284.SPletaismt DBt cOhpres Ass ebley 2361 4ith2h6 Wil | sinple

coll apse inwardly if i is set down _on it and shoul der 218 engages a
conpl enent ar ye’gtafﬂlﬁlat@ém?agﬂt by plpyer wiapgutarlygihapqdsnd MaReears Piglahow to FI GS.

8i -] and FI GSz4zICAna)p@mtdrla@e@pmqqra@ 9 BiaQfuliieshy @fse%@m Yradéhawi | | be
reviewed. FIGS. 10a-b show how t he val%e]?}as &Mm@p rotated to close from

t he open p03|F1%ﬂmépsr@ﬁ“@ﬁ4éﬁﬁamﬁﬁéﬁ6%’W&?@é@ém%%ﬁkml§léﬁgogﬁ%mm in FIGS.

1-7. Spring zﬁgml'lﬁtgﬁﬁatltohﬁ BRIk bgl§232 WP o6 (RPEMNRISL hikRs0to LG 8] . To
close the ball 232 the spring 230 has to be conpressed using a j-slot

nechanlsn1234bﬂk%ﬁhﬁﬁwgﬁﬂﬂﬁ4 oAy the byl 2Re sleeve 236 with the externa
track 238. It h Wﬁr étsfolt &@&th&‘ﬁﬂ%ﬁ;‘& ggn%%q% Sﬁgggegdfg@ a flat 24_2.

An oper at or sleeve trrangularly s ape that ends in
a flat 238. SM@@veﬂanmrmkcmnﬁe@ﬁévﬂbvwham&%02wﬁn£ﬂmgﬂmM1®mbsﬁl 232 of f set

from i he £ ot abhondlddi by Ayl 4 23R1840ANG, ghuidS cONRRCL A P NS 250 to

the ball 232 s 4bove the ba e j-slot
nechanlsn1234Shswazﬂnaﬁmdsmycahga@tﬂggshomhﬁwan&QothmhmuiRmng up into a

reduced bore ucp as, 40 qu (o] down i i.ght and
engagh ng. shoul HEReBREAirY R AR R orE o 48P pue SR TUTb6 Ger i nes
spaced col | et 256 whee theenlldthentt 206demofinedisedalar G Biyrkdn 260ed Wer s 252 and
256. FI G 10c gp one. of ral openings 258 | eeve 256 where the
cpllet_nenber“% 6y%§“#6HHF@E%¥§8§mQP@ﬁQ?? owgyin F d& 2260 on the collet 206
rides in track 28844f manbersi8trshewind RhéwiGin Uda. § 08d4tidigutare start of
metering shown in FIG_ 5 the triangul ar

components 240 and 246 are 90 d&grees offset. Each time that shoulder 252

gets pulled up through a narrow bore like 40 all the way through, 236 is made

to rotate 90 degrees. The same thing happens when shoulder 254 then is

pushed down through a narrow bore like 40 all the way through. The first 180

degrees of rotation of 236 will still leave flats 242 and 248 misaligned.

However, 270 degrees of rotation of 236 will align those flats and push sleeve

244 to turn ball 232 to the closed position while compressing spring 230. The

270 degrees of motion of 236 to close ball 232 coincides with metering in

FIG. 6 where the shoulder 252 gets pulled through bore 40 going up and then

shoulder 254 gets pushed back down through the same bore 40 and then

shoulder 252 gets pulled up through bore 40. Of course the ball 232 can be

opened after being closed as described above by pushing shoulder 254 back
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conponents 240 and 246 are 90 degrees offset. Each tinme that shoul der 252
gets pulled up through a narrow bore |ike 40 all the way through, 236 is
made to rwoaba/B@evdegr ees. The sane thing happens when hooiSden/02583t hen is
pushed down through a narrow bore |like 40 all the way through. The first
180 degrees of rotation of 236 will still |leave flats 242 and 248

m sal i gned. However, 270 degrees of rotation of 236 will align those flats
and_push s! eeug,2Adodd bty b §alle ER240niDEs Gl a%ERaRRSHichQmoaL | ©
conpressing spring 02“% %ﬁ; ecf%gr ees no?grmt@o of 36 to \(,:\(Iﬂose bal | 232
coi ncides wit Bpmt@Ormgea the RIR32®aghertee ofive pghigen. der 252 gets pul | ed

t hrough bore 40 down

t hrough t he sama[%gﬂlj gel %PSt %glikgﬁm%g ol eﬂ&v?ﬁiﬁ“ﬁ%?’%hrough bore
40. O cour seunlhecebai;ﬂlft@lB&dcbnkekienopsesine”cbda];ﬁdseuon bEefn@ngltoﬁG dsadescri bed
above by pushl n oul.der down .t et the flats 242
and 248 m sal i gnec?? FfWﬁ c(ﬁrréfs PﬁcF?’ue asnplr1 hoe %ﬁgmgosg‘alt%der 232 back
to the open paswiHotnshiftiQd4sduitiee B56. hehemuheﬁnret ktring 18 @oinss mﬂoleeuﬂe out t he

sl eeve 114 wil| be ocked, ift d ed in i hlfted posi ti on.
reforring to Mt Rt eduhe L Mg P RbuTaga0 Sy ol o
shifting shoukidar 2804 fMtapped @vIMIalle tRbirdlédsing sRbaul 1das ndS6uphdfen the i nner

string 16 cones upg@l e _the shoul der 254 wil| gjéab shoul der 258 of sleeve
260 shown in Pleyc Wilobeciiss! W Redths iesg sEme gruntit Yiwaws shpldsr 116 t hus

rel easi ng sl egyealdiicit PoifDIKE sHNROl 18 m@e@emné’e@lovmltﬂle P8erCaidg Rl Up by the
inner string 16 until 1t bunps shoul der 262 at which point the sleeve 114
noves in tandéifcssienves hid isdashed o ipageds geeveZ9cwhase deyendi 364 jssnoit t ached t o
ported sl eevere%Qalma if OB Bfhve G sleSve0 P14 ﬁrﬁsf{)r@ﬂ@ﬁdi/e%gnélén&/ﬁﬁe to nove up
sl eeves 114 and 20 will nove in tandemw th sleeve 260 until collets 266

| and i n groovealeag@6P ynil dolols e land imgooec26§do alwer slewic| 260 o 266veand shoul der
254 to rel eas r ~ of the

ol e, AL thi o P e SNRARESS R ke (RRPLSL ARG, HE IERERIONE B 2250
t hat a productérogs csltuofﬂgmﬁgohmmlm tdvee 268 kall bm@kport&p%@mﬁeth@hr ough the
screens (not 0] ) r ck S ing in the
reverse di rec ]%}lowgt dﬂ[%ovelg)r esctzlwgtr%g i Ojﬁﬁf)tﬂ% é{é{lﬁ% H{to erg%uec to open
ports 20. To dmou'ghahe lschreensr(nmrshstvn] gl thﬁough th@makedl&mo tﬂeasturﬁabmul der 256
engages shoul er 27 SO0 % Ve, ghetb é)e rbed eve 2(%0 fbfe ofe collets 266.
Sl eeve 114 and“Wet'h tthFFg YFedve Wibth %SH ZEVRTTS G PUSHEY down unti |
collets 116 g dépeh@o@y 200We dd Tt 8@ idfeatirisd e€isdow&0d aamaghodier256 hem and
shoul der 256 can rel e oms eeve 260 | eavi n h eve 4 | ocked in
The same pooi EROESS WORRE P10 P Sler i Zoth o CHA 3oR T & SEER Heve 114 | o
| ockabl e at i bre@pPPRISEd \Qiﬂdltp;ﬁé;lslbe\fénﬁlth [)&@Aﬁ] Raf esrpudigedn@nt eniffl GS. 1 la-j,

t he squeeze p05|t|on is.shown. Conparing FIG_11 to FIG 8 it can be seen
that there ar ol EPapo it eapis e, Soabas desye; #0rpee 29 Peer (e 3841 | 300 has

| anded on seathobikr D3ec@kirdlgass h%ﬁlrsldélv@zéo?ﬂa@ﬁg thbelesV f141180&c0fn @eat 118
allows the flapper 120 to cl ose. The Eac er 18 has been set with pressure
agai nst the | HereRPsign it \BHON farimin aehpyge iel Gy Be- Sdeve Al wdedkakleri ng 12

pi cks up the LnpgLH &L ERGARRDSRILIY 16 as shown in FIG 1 la such that the
jet tool 26 as shown In G 11c now has its collets 50 sitting on the
packer upper sub0046lwhdiaterfing pew |ty FHEY.i Hg-ir n stypcrchpositiop i96hafn. t he j et t ool
26 sat during own on the

i nner assenbl §%galﬁeﬁsea{]9’\é@q§ tg‘!a?g\?vg%gr%{%tt% %thos thzg[a Efge%(%}ec%ﬂrn path 138
is closed. Thiss Siagldhalﬂ@sllehéleu:pﬁe}%élamalnd@ @686@6&8 Fk@Bingdhedrpm t he screens

(not shown) ay, 4!€gth£g)l{1 % ?seat s'tf?é‘ﬁ%a ﬂf tg ﬁq@s 1hte Wl 9§ @l 1 ows for
al ternative positioning f° sea Oel ow 106 Tor t Hé squeeze position
and for assunmﬂhaanm‘tmmemsmeagaansmmlmisalbalb3000stleaﬂe poékeb 8 suy above ports

106 on alternate pjcku nd. set down forces nner. 16. The
vosi t1on i Ptk GEHE 48 BRKSFL R RIS SRt RraiPy 16 FrubSTin iR |oss nto
t he fornmati onswfh tmdnatejétheollmpershmnmlﬂls be rmavrhaqutse&leys mlmhgsed This can
be done withoyt having to rate_the h e val v whch neans t hat
subsequent up Ipégl?%wg‘?% ﬁvﬁ"}fqre fpgper, ‘Fléli“?’rtﬁl’ﬁgﬁ ﬁ‘gjettl’i‘%?%e uphol e
novenents are nmade with flow comruni cati on to the upper annulus 56 while

fluid loss to the fornmation can be dealt with in the jet tool 26 by setting
down with the j-slot 96 in the proper position.



[0047] 1t should also be noted that the internal gravel exit ports 30 are
now wel | above the sliding sleeve 114 that initially blocked themto allow
t he packewOo2Biti344e set. This is shown in FIGS. l|id-c. REeTAIsovm/0u638F1 G 3
and FIG 1 if, the netering dogs 170 of the metering device 38 are in bore
40 as is the smart collet assenbly 42 shown in FIG iii. The wash pipe
valve 44 is bel ow bore 40 and will stay there when shifting between the
squeeze and cCi | at. i t] : : : is simlar
to FIG 11 mj? Q%ﬁghggﬁﬁ§{i%?ﬁﬁzﬁ%%Eggﬁﬁb%?ﬂg?e?ﬁgé?géakg#qgéiguts sl eeves
98 and 100 i nirmedishdreled6 tpowilk $20in balowveporyil@kisy thaup retwa pét 138y down wei ght
on the inner NG t t <52 1 t r 06 opening a
return path 1§%E%dh?%1l%gsﬁ)§a?ﬁetﬂ(gﬁo%eggﬂ@gﬁtsg (gﬁeﬁﬁﬁggﬁg%ﬁﬁgfcg%ngg@%mi S is
shown in Fl G sit@da) cit thedomsttiab] As heehtoned befatd die palbh 96 saltbewsnfor he i nner
string 16 thr h passage.82 .an t. ports and then ports 20 to the
outer annul us? “%@?P%%%E“Evfﬁ%ﬁég¥?%§6ﬁ8'1@%%”@%# %ﬁgeﬁﬁgonﬁﬂgmn) and t hen
back up the i futessusiptiomgl thé ciraulfpias pageonlIBedrsd Helngabghe porktlde N6 and into

t he upper annujus 56. It shoul.d also be noted that squeeze position of
FIG 11 can DAITREG PSR #B T vt 1w e, BESET MEGH 461 DI HOGRE B by i mply
pi cki ng up t held.nnarcas be iqa@kobadtbdSetietdg fivid Bevht@grifBrobtgioAgo] - S| ot 96
with the jet tool 26 supported off the packer upper sub 72 at collets 50.
This is signfel BEitPPeionney Sp gan duigklyre clesef s{hip gan bedenq WHRUWhg positi on
on the packerp optite fRe ivashHRal\RI44GIHi G &dnk @it Aibde@EMBREHIBY as opposed
to past designs that required landing at axially discrete |ocations for

t hose two posMOVgRNTHITSTINgVEbe ferBBen trhereaiphole mogements pfe Msleper | ocati on
has been | andggy awPYoRmbReRonNG ®OlpEL:- anviiul 3B DIPAEMEER &l feul ate and
squeeze al so poses no danger of closing the wash pipe valve 44 so that
there is no rfaraddn cpdpdealigvithinfig jaf teolA6dtisaging gowt withéeijsiePoést ri ng 16.
In prior deSiﬁﬂﬁeFQﬁe CeLtainty of attaining the correct l|ocations for the
squeeze and circuration steps at tinmes caused i nadvertent rel ease of the
wash pi pe val ve 0841 he [thogkdiydwinoiedrihdy danwmat reve sigporsedhani sm hol di ng
it open was nQrpal ly, set .en . a rsonnel., coul.d easily
shear 1t | naddey reneby Un AR ReE 4 B BHGhPERRE ARRFCEHL, P20
subsequent pi paikngl8i of set.Hghid nBows ir Fia. Iwdbbad slidwen inadfl(s. 3Apdrt fromthis

advant age, ev inthe cir jon step.of FlG 1 t squeeze
D5 ti on can. ER-dF Gk Pkt fen T S bp B FFE A el Ao Miort Fadfect 1o ports
106 to pr eventhefdniartdeollossasntily 42 Reovio mEld. ami. Wiht kvadlo pipeSkilvefddaper ati ng t he

wash pi pe val 44, 49] 1t is rth noti that when the string 12 is
el b ¥ petsiar Yot 98 554 it Rt Bl fing Abih TRk 8 abt 0 et

shoul ders 95 gAY/ p&ATRs HIRICGSCOIMdLEt . It is during that initial novenent
that brings shoul ders 95 and 97 together that seal 52 noves past ports 106.
This is a very 8t dildtahed pdrercadCy Lhngly thy madyditferies beippen t hi s
happens the upfehe3RMOEPuRQlelvesio8 ahl 0Q! i 2 OIIRINE BEi@A Adet Picking | ower
annul us 22 before the inner string 16 picks up housing 134 of the jet valve
26 and the equP pibysttingtdowgpyseght on thsdpdishigetifso Hist dicispy) SAdsapPy 38, the
smart collet 42 106% &Q@a R ﬁéﬁl Y8 %%&%H’%é’p&é- 106N Sthd Hbﬁe'ra! novenent
of the sleeves 98 and 180 Wi t hout housing 134 and the equi pnent it supports
movi ng at al | apmlug J6pdhis apshopm nddtiut -4 olhexp@Blieshed eirgnhasien patinell us 56 to

t he | ower ann - f i tadi es when
shoul ders 95 gﬁgégéagﬁgégéglﬁﬁﬁgg e geg®§2%n?ﬁg@%g§§@f@3ﬂ%@lﬁﬁg i nner
string assenbPR§ tlBe beigi amutug 22baiwet e 2oipp drroughribd srsech6 (iog stmivmeady

esonbly 06 Ak Pl bAE on i PP U810 G s AU by R R e 0 7 0

operat ed to switd ta uppirwemniud $te lishodé 280 dndoeil touthatsgugaspdsitonDf wi t hout

lifting the i r..string 16 |l ow the jet yalve 26 and its hoysing 134. In
that vy 1t 1 LG eyl PEde e Bt Wi B of Yt S8 ah F PHE e
assenbly is i picihg up ttetindeh eriga e atd serinh avion@ agiin asisg [-€0CH with @peni ng up t he
upper annul us,56 hefore nmovjng the | ower porti of the inper string 16 and
v g the. f vl He GURRDEHODr Ry RStz ot eoltls pRER Bnnul s 6 1
there is a sudden fluid loss to the |ower annulus 22 by at nbst a short

pi ckup and set down if the jet valve 26 wasl4n the circul ate position at
the time of the onset of the fluid loss. This is to be contrasted with
prior designs that inevitably have to nove the entire inner string assenbly
to assune the squeeze, circulate and reverse positions forcing novenent of
several feet before a port is brought into position to comunicate the

upper annulus to the lower annulus and in the nmeantine the well can be
swabbed during that |ong novenent of the entire inner string with respect

b



[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 |iwDtonfo3sdse string 16 is reached when the neter iPol/usoes/046583
shoul der out at shoul der 186 as shown in FIG 13f-g and get support from
hunps 176 and 178. At this time the smart collet shown in FIG 13i is out
of bore 40 so that when weight is set down on the inner string 16 after

getting to th ~ it 1 ki : | (hel ravel stop
ISt i1 ang gitiGa fot BOSUA AR, ?Q%éﬁ?“ﬂ@%?’%%‘;ﬁ%hﬁer@a‘seﬁou| der 218
and trap shoubpler st8 tsasghiouFidarati2g @nd syuerangoast@posstl té pagt @ebigsippor t ed by

t he packer 18 fare. th r t h j.-Sl ot assenbly
220 shown in E]Iaé?eq%&%} 1(:? %g&%wﬁl E?“%‘IS'I (gl\?vcsflg? I{J%a%%% ?Oerlptggsep%%t 8%9%%)31% der 219
sinply by pi ckimiggupmoflfubofn dchpweleif tRIBomn thes@intliangeanilghied bmbk down agai n.
By executing the neterjng.oper.ation and.di.splaci ng enough hydraulic fluid

£Y om reser voi f ogune ol SERENE W0sRF RutyRl, A5 Dl SR A Bl e

t hr ough bor e déhgthatcldsighniavwdsh @gicadivbal emihkd there 1s3jo. risRwif bwathpingah ve 44 once

t hrough bore ?0 turns its }é-sl.ot 234 90 ?egr.ee but flats 242 and 248 in
FIGS. 10a-b afB“&Hiqneofh ebthe ieasr sYnsallk B disient He Was MY 8ligh bore 40
Wl result iguamned ierccd@cdegdtions fRtR kqBeRfant R@cilatidhl QépsZ284inekt h the flats
242 and 248 still_ being out of alignnment and the valve 44 is still closed.

However, pi ckFREeLPatHEenh frdiass Of g Wi PRegevey ) the 495 HStigR bore 40 a

third time W bécatdel @8 shddf nfeb@ifn?hddian Gk GR8 WL ohRAR deh®wahoagh44. Val ve 44
can be reopened with a set down back through bore 40 enough to offset the

flats 242 andpagrisee peiznnd sprld gaplyoheasif ipasiveientipeWig hen Rappgsen agai n.
[0051] The On|wYth%Mtfd];@sriﬁﬂ(fﬁth%%ﬁﬁkn't:bi%n% é@oﬁ(ﬁ_@ inkfdy dtfnd vdpb& md 31 conpar ed

to FIG 14i. The difference is that in FIG 14i weight has been set down
after |iftingwallghpastiougyrhis alvaeeged s viro iy hetcgce ey kprof186. Bad setting
down agai n Wi {aQute.NBLRTHoRYat ROMERGy WGl BRRSiIHMh LOPEE Whihfihag val ve 44
t hr ough bore 40 g{]ele t etv(\)/ayfjl FI&CEg fﬁg%srﬁows ?@em 0gs 178’Ilta}tsgr setting down
and away fr onta praisrl 06 topresénd filbdidpsse 8@. th¢-fa@nadah wishowsisk bleofetatipg 228 backi ng
t he shoul der &Jeswa](é’lflgitp?e S t collet 42 onto shoul der 219 of the outer

e

string 24. No al's ﬁ%ll%’ tHe ports 30 are above the packer upper sub 72.

The i nner string00®]i s Issaveth aning hieat pdek elie uppel2 subcked wtths@gal 108. We
oL ko, A TR T RS PP RO PRELTS,
outer string suppardced: bylusai Wapackienhowntnl @adirings ftouktrs|9%aat 9pne screen
and fur ther “comptl shilg &} 5350 318 QkCloethls R LeShUeS ALY packer and

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 jet valve 26 and the equipment it supports

including the metering assembly 38, the smart collet 42 and the wash pipe

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

positions without lifting the inner string 16 below the jet valve 26 and its

15



supporting said outer assenbly with an inner string assenbly for run in
where the inner string assenbly is in turn supported on a running string
and t he iwoep1igB3uiong assenbly conprises a crossover toolPCraSs@baedssyel y
all ow gravel to pass through the inner string and out toward said outer
exit port of said outer assenbly with returns com ng through said screen
and said crossover tool to an upper annulus defined above said packer and

around sai d rﬂ&ﬁhﬁglﬁt.rim at way it g,ealwggea% g RB&KEHich %{itﬁﬁé%ﬁ a zone in a
wel | bore for saild screen fromSaid upper ahnul us and define a [ ower

annul us; peretidngitimgassersle]y ée mewhids it tho natho tinfedraginggunfdssirehce wf o t he
wel | bore thro . Sa| I LI t Ll gravel is
deposited in ggﬁﬁ%ﬁla%%aﬁ%ﬁﬁﬁﬁgggﬁ§e$%%%?ﬁgggg#gmgﬁégﬁgﬁgggﬂﬁkgcreen and
past sai d packeng t16 apdihdviog per fuaheruddusntagedofaquidkyerlegng ofithé oppenher e grave

in said ‘””erasr}ugds’%gi gve. sal A CHOSTONES nEan ebr%nﬁlﬁh’segiﬁda@“&tgo the
surface, by r&lative "moVereAt Of" at"“I'&ist s POrtion o Fat'd"niter string
wi th respect tlorsgckhppadkerdown if thenpvyahg Hawek innhetirGildid pgitkdsenbly to a

supported single. position off said outer assenbly; mani pul ating a
ported val ve g§§€ﬁbp @ﬂ?WF%gi%e#ﬂWﬁﬁﬁﬁ'ET??%ﬁ’V%C?E@%gfﬁwgﬂnglose or open
sai d upper angidss thaoiieERALE hovwen AN HeSedia SRt duiigugedelpnd circul ate
positions respectively while said inner string assenbly remains supported
in said singl éssblagi“tl‘? opeezep cirgpale Ao pGYeTyF PRI, fﬁZY,C”tgoFP'BY‘?f%Einh@.f

supporting sakdetaNRRF b&brel ﬁﬂorﬁﬁ,&ﬁﬂ%hyhﬁﬁ os@dintioRAGHEMichRrths Bpsér SQueeze and
circulate positions. 3. The nethod of claim1, conﬁr|5|ng: connecti ng
pve

a housing of &Mpsptiedhe/levgeanubismilyn thy weandmerheredcrr Ag Sua¥etbl y for
support of sapglido"Bf ot fibvathe RSFINOnYirPhherSBind AL 8peASS BT Ya¥ker

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 smart collet 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 smart collet 38 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 wash pipe 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
closed. However, picking up the inner string 16 to get valve 44 through bore

40 a third time will align the flats 242 and 248 to close the valve 44. Valve 44

16



mani pul ating a sl eeve assenbly with said running string with respect to
said housing to selectively open or close a passage through said housing
bet ween swiDdouppBerd4and said | ower annuli. 4. The net hodPofi/usk@iomieds3
conpri si ng: usi ng sequential pickup and set down novenents of said
running string to selectively open and cl ose said passage. 5. The nethod of
claim4, conprising: | andi ng sai d sl eeve assenbly at different
posi tions witp,fGSREGMed Vi & VS bAG WiduBh HYE! BSenBfigPloGlfisPGnbp and
setting down s%{§§ %%?n lstrg%g 6. 5['%he ngl cﬁmE%%f§15s conpri si ng:
using a j - sl oflaagdarbl %Asbethnemnsaﬁ(dcanmwbn@e afltide waipen sdageve assenbly to
determ ne the | g i e ) l,y: regpect to sai d
housi ng on succgg ge Eﬁ%fkgp&ﬁ%&Pgibgwaglﬁ%ﬁhqééﬁgﬁﬁﬁsg%%§3sald runni ng
string. 7. Theommpirdbid 1G6. @haTha@ﬁksnapmn&nmgFK}141w@@ﬂMMdﬂnglaxport on said
leuzl Bgclkce):’:at Sown Qiher 1t highnenouggttla ongaélt dogsall70 up DS ahould%?i?d s t%nSeal agai nst
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 smart collet 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 108.
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providing a sl eeve assenbly seal on an exterior surface of said sleeve
assenbly that is selectively positioned on opposed sides of said housing
port. 8. Wbeonwied of claim7, conprising: di sposiPng/usad1d/0sdserve
assenbly seal in a passage between said sl eeve assenbly and sai d housi ng;
comuni cating said housing port with said upper annulus; comunicating said
passage to said | ower annulus. 9. The nethod of claim@8, conprising:

bl ocki ng sai dypagssade when said sleeve assenbly seal is bel ow said housing

port; openi ng sai d passage when said sl eeve assenbly seal in above
sai d housi ng port.Al@elTheatmenhodetodd cloni sudzingormpd i giamg): packing,
comprising;

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;

moving said inner string assembly to a supported single position off
said outer assembly;

manipulating a ported valve assembly with said running string to
selectively close or open said upper annulus from said lower annulus for said
squeeze and circulate positions respectively while said inner string assembly
remains supported in said single position.
2. The method of claim 1, comprising:

supporting said inner string assembly off said packer for said squeeze
and circulate positions.
3. The method of claim 1, comprising:

connecting a housing of a ported valve assembly to said inner string

assembly for support of said inner string assembly off said outer assembly;

18



supporting said housing of said ported val ve assenbly off said packer. WO
2011/ 034694PCT/ US2010/ 046583 11. The nethod of claim 10, conpri sing:

provi di ngva 2neta3aetabl e bi ased col |l et adj acent to an exPETiUSROIGNGEGSE ON
sai d housing of said ported val ve assenbly; retracting said collet to allow
said collet to initially nove through said packer; bi asi ng said coll et
out of said groove after noving it through said packer so that said col |l et

can support said hﬁ&&ﬁféﬁgf@ bé'asg&ﬁﬁlnglt}{%}{%gﬁﬁ%gsw Xmﬁﬂg ?b‘;‘;f‘gcgoﬂ ed

said inner string ass I S supported housi
val ve assenblyn@ﬂmu$m§d>g@@%eﬂy<1@nCThémﬁBthmﬁ%ﬁfmnm@hmelxw@nprusung

conmuni cati ng a%%g“ﬂ Rg@ﬁﬂs&ﬁﬁﬁ&x@ﬁﬂﬁl' every tinme said running string

rai ses said s eeve ass
The method of claim 3, comprising:

using sequential pickup and set down movements of said running
string to selectively open and close said passage.
5. The method of claim 4, comprising:

landing said sleeve assembly at different positions with respect to said
housing with cycles of picking up and setting down said running string.
6. The method of claim S, comprising:

using a j-slot assembly between said housing and said sleeve assembly
to determine the landing position of said sleeve assembly with respect to said
housing on successive cycles of picking up and setting down said running
string.
7. The method of claim 6, comprising:

providing a port on said housing located uphole of an external seal on
said housing to seal against said packer;

providing a sleeve assembly seal on an exterior surface of said sleeve
assembly that is selectively positioned on opposed sides of said housing port.
8. The method of claim 7, comprising:

disposing said sleeve assembly seal in a passage between said sleeve
assembly and said housing;

communicating said housing port with said upper annulus;

communicating said passage to said lower annulus.
0. The method of claim 8, comprising:

blocking said passage when said sleeve assembly seal is below said
housing port;

opening said passage when said sleeve assembly seal in above said
housing port.
10. The method of claim 3, comprising:

supporting said housing of said ported valve assembly off said packer.
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13. The method of claim 3, conprising: rai sing said housing and with
it said inner string assenbly with said sl eeve assenbly only after novenent
of said rworzong3sémi ng beyond a predeterm ned di stance REEASAI046583
comuni cate said upper and | ower annuli. 14. The nethod of claim 8,
conprising: providing a seat in said sleeve assenbly that accepts an

obj ect; landing an object on said seat and building pressure;

operatl ng a va ve iR §3hd1 A2853A98 &gméﬁg bel ow sai d sl eeve assenbly seal
by shifting salid seat. 15. The netho 1?9(:' aim 14, conpri sing: openi ng

at |east one port pravidinga rdtr@aeé)@alg@sedgbldﬁnaélacqmt wadvextdive etoveaid seat
shifting; al&)g g%fge{lgg&{ga Llaéé ol 1ﬁ,hrough sai d opened port and into
{ ire nt ?

sai d passage sai uid to the I ower end of said inner
string assenbly whiclrecting ehidcolhy t@dlodv sppenleatonuitisldy mdé: thiiwgh sed hod of cl aim

15, conpri si ngécker;

biasing said collet out of said groove after moving it through said
packer so that said collet can support said housing of said ported valve
assembly and the balance of said inner string assembly that is supported
by said housing of said ported valve assembly off said packer.
12. The method of claim 3, comprising:

communicating said upper and lower annuli every time said running
string raises said sleeve assembly.
13. The method of claim 3, comprising:

raising said housing and with it said inner string assembly with said
sleeve assembly only after movement of said running string beyond a
predetermined distance needed to communicate said upper and lower annuli.
14. The method of claim 8, comprising:

providing a seat in said sleeve assembly that accepts an object;

landing an object on said seat and building pressure;

operating a valve in said passage mounted below said sleeve assembly
seal by shifting said seat.
15. The method of claim 14, comprising:

opening at least one port into said passage below said valve due to said
seat shifting;

pumping treatment fluid through said opened port and into said
passage to direct said treatment fluid to the lower end of said inner string
assembly while isolating said upper annulus.
16. The method of claim 15, comprising:

applying a pickup force to said running string to remove said inner
string assembly while pumping said treatment fluid;

directing said treatment fluid toward said screen as said inner string

assembly is removed from said outer assembly.
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applying a pickup force to said running string to renove said inner string
assenbly while punping said treatnent fluid, directing said treatnent
fluid towsodosAi3goscreen as said inner string assenbly PSTRSP@vAdSB83 om sai d
outer assenbly. WD 2011/034694PCT/ US2010/ 046583 17. The net hod of claim1,
conpri si ng: provi ding a wash pipe with a valve adjacent a | ower end
of said inner string assenbly; precl udi ng operation of said wash pipe

val ve while nmpyi n%}?e%h&h&?&ftc?ﬂn‘iaéo‘ﬁﬁ)rﬁﬁée”bl y between said squeeze and
circul ate positions. ' '

providing a wash pipe with a valve adjacent a lower end of said inner
string assembly;
precluding operation of said wash pipe valve while moving said ported

valve assembly between said squeeze and circulate positions.
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