FRACTURI NG AND GRAVEL PACKI NG TOOL W TH MULTI MOVEMENT WASH PI PE VALVE

I nventors: N cholas J. Cem Martin P. Coronado; Jeffery D. Kitzman and
Jeffry S.wBdearwdseosl ELD OF THE | NVENTI ON [ 0001] The fi el @#Cofustdnios4éssavent i on
relates to gravel packing and fracturing tools used to treat formations and
to deposit gravel outside of screens for inproved production flow through
the screens. BACKGROUND OF THE | NVENTI ON [ 0002] Conpl eti ons whet her in open

or cased hol e capriAVIQRING ANDAGRAVH PAOKIRGOAOOLWIFANE or zones and

installing an assenblyupi MO CENENSE VRESH PIPREY AlvE sol ation packer. An
inner string typically has a crossover tool that is shifted with respect to

the packer to@lh@w. RSN . @ﬁbxﬁ;'M&rQnPU@&@Qad@P}é’ffe?hﬁ KibbRlaR9 String to get
into the formation with no refyrapat PadQqt he 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
whi | e | edVElg GHHEIIE INEERNVEIN i n the circul ate position and just closing the

annul us at ur . e SQVer o) af i ed to all ow
annul s 2 B R G SRRk ol QG BBBBR YL o 1
packer amdedpackredth®riaaivmb aand sippadpodusivdeoutside oF rseeas. fofhepoaedi er fl ui d

can go thr%u h t,r?e &shcreﬂl% and into a wash pipe that is in fluid
conmuni c&TCR WtH T'hEe S§6V8r tool so that the returni ng fluid crosses

over thr augtKGReUPArREMHBINYVENKEONoper annul us above the set packer.

[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. 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 11/586,235
filed October 25, 2006 and application 12/250,065 filed October 13. 2008. Locator

tools that use displacement of fluid as a time delay to reduce applied force to a bottom
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[ 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 orwoupimg4@ert ai n operati ons such as reversi ng oRCTANCEIDIGBAVE
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, 02Qo1c@paiblyf adH r8SusOfo 13inANiG) 2 plﬁf‘gkndagffwaf)&{@eageearé aunekelin USP

6, 230. 801. O her patents and applications focus on the design of the
crossovern H@L@bh@tl\ﬂhéﬁ)@ﬁ/@%?@ afBo aplpenbie ti@%é‘é@’sff%%?%%lbﬁg@ Sffurry through
ports or @aaidIslaoushrahdce UGG (ANQUSUER @St SRR, LS
Applications 11/586,235 filed Ccto 5, 6 and application 12/ 250, 065
filed Octoetiére pssuROEBbe olcan dhe f@mhtsont ﬁ’altve dlyéroeltagcpla@c@wmmo&]sf luid as a
time del %bﬁ&u&f%@?/gf’dﬁ%% €9k F’a@elt? %@%&&%ﬂfh fre ARBRAMLYURET Or € Tel ease
to mnimze a i ngshot effect el edse are disclosed 1n US Publication
2006/02258%825AK§63Qé6emhh@wthﬂt|ne del ays for ejecting balls off seats to
reduce for USP ver topl Il ow a

posi tive p?@hsﬁl fhﬁ%know y“éﬁ ﬁg@ %%%&%ggggﬁha ﬁ%gﬁa |ggare shown in
US Publ i (p&tsemnn%ﬁavi 0@&5&5& &t welt sg'alam@ wherc Iplchglgaqsmebﬂnn@sstmg found in
USP 5, 86 d.5,609, 204. [ 0004 se kno ens have

oo on 1 Sunrs Miinden ApBLR B Rk b g LR T e cave i s
wel | smabbmﬂgnmﬂemKMMﬁkgagmbmxh@amm@a&ﬂu@wﬂmﬂgms&wgbbpﬁgmn@ Abe condition
of reducin for tion Eressure when |Iftlaﬁ a 400I sse glmhere ot her
fluid can® lté]%?t Ot Frspacé BeReEesipeuid (s W F AP ked up. As a
resul t tReivt qf RLinAA @XREWAANGRShe KHpPEhell rhllpth@ﬁﬁiér(ﬁ soh@ otfm@ g@si gns t hat
used a fl apper valve in the inner string wash pipe this happened all the
time or sep@diee ophke dosige. HelreHppPRgWenat H‘éala"é’s‘m‘jﬁ wighra tlegye fheg 388r was not
retai ned QREeMeM dpRoR WitlE@¥ 8nth &Rind WhilkRYANRALd UPHR! Rk tblre RSuli Nner string
while still sealed in the packer bore would swab the well. In designs that
had r et aisnrhgestedeledesipny tharhad retaipive slepess dor the Beagrt hahingpsidoshear pin, many
systems Bafledk B, SEH 0G0l MBLEAPA IR RAhind: L R GRALBMIKALYE Lo be sure
that the sl eeve noved when it was nheeded to nove that Tt was often

i nadver t ente|that vsterdmpredrvdicaatswastnisedefl [tamors thatff way efivatingggertentlpn a pi ckup
on the i r p di stances
ver e sevanaedibahials ol Rl BRI on ROk SRR Bhel M b B o

[ 0005] Thenghe dsendl]l swabeSrinao! thy plvkuﬂ)ehstamesa\mrb is¢vgral ﬁzesm that the¢xwaen squeeze,
C|rculate %%WI verse md Cantusmg t he packer as a frane of reference where
t he anene 6 Veeh Thosé positions do not engage the | ow bottom hole
pressure co[(l[)ﬂib]l dﬁw pIesemr invastionpprpe desahiy @biligr tooghefit dbtwaetn squeeassence t he
wash pi pe. vqt‘ ﬁ gen and. it takes a n. of dehlbe%ate steps to
get it t&"ctoEe” rﬁVeé%@s‘é‘ﬂ B B ORUBES R 51813?@ tref&reélfe §'5s™ o be appli ed
for a fi mmdvemmtmettwmdltm& @)@ﬁuéﬁﬂsUdl(d nbtr @Fage R oabb@oMohsle®r&autty through
an orifice. i.s only after | di n redeterm ned force for a

predeterﬁPW@H ?Wﬁﬁ“ﬂﬁﬁ?p?ﬁéaﬁﬁ Oﬁﬁggmv Sncrsbe MpTPIPS VAR BCRy al | owi ng

col l ets toper¥id it BakBOh Pattefn PAUSIBEA S epRAS SétNYtd AbRUENeskdiRe BPi&upN an opposed
direction and then pickin to get the collets %galnst t he bore they just

passed t Hpistidgrinsha ftﬂ%heﬁﬁﬁggﬁﬂéleénfqrécftrﬁﬂsﬁﬁieﬁafhs@éﬁes HhEORA XAEakly ¢l ose.

Cener al | ol M4y @rdush ah BREcAi i€ OhlyYar@f h@&m% Q pRNehinbREIH G and cl osed
after gravel pacKing when pulling the assenbly out to prevent fluid | osses

i nt o t he PregetsERinerhtinp iHakthe expel BipH Falputsserpdy ¢raaped by algeying collets to
2011/ 0346958 PCEMeU%p %{&%ﬁ% ﬁg %Q&@L-Eﬂ@b&égﬁ 05 PRbsPPELS i6A AP Bek! OSed Wi th a

sleeve that is ini
picking up to get the collets against the bore they just passed through in the opposite

direction that gets the valve to close. Generally the valve is armed directly prior to
gravel packing and closed after gravel packing when pulling the assembly out to

prevent fluid losses into the formation while reversing out the gravel.
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open but is unlocked by a shifting tool on the wash pipe as it is being
pul l ed up. The sleeve is then shifted over the ports in the outer extension
and | ockesoi2nti3p@si tion. This insures gravel fromthe patlkiSdaes46s84 ret urn
back thru the ports, and also restricts subsequent production to enter the
production string only through the screens. For the run in position this
sane sleeve is used to prevent flow out the crossover ports so that a

dropped bal [goggn behdUx@SSiBh péRcdnDeSRised BN RARKRS thhth tdi@yMockk007] The
upper val ve assenbly that indexes off the packer has the capability of

al | owi ng PRtk glpgked bnashiftEr tagranghe wpdrrapg srisispeingestedepiddsi ng and
circul at isp i BAll RE: 1BDHEFPIBET KALNSNORA ok LB G BRGto ! Ve
assenbly al so has the capability to isolate the formation against fluid

| oss wherhistinjugesgrayskigora H ptaﬂ@dqs%s ogtgearback thrpthe jperty, andtlgeregtieh t i on when
supporte 0 seat can
be provige%£§m%pﬁ8&§%%£F va yg%ggggﬁgfﬁﬂngaﬁ%ﬁﬁbl @%3§§%9 ghﬁgglvered

t hough thelmawﬂupnﬂmnandSkmwumdﬁﬂhepmwmuﬁbhwbaﬂmcMB&ppeﬂﬂm@osmt t he packer
so that as h..pi i i fted of the well acid can be punped
into the%f%%ﬁ%%%%ﬁm§§|§Emgfm?ﬁ83§6#ezﬁﬁgégrh ons as the lower end of the
wash pi pe nﬂmﬁ’s] paﬂte uppemalve Q8@ BpIFheaendares of the packdrtantiegesabdfty t he present
i nvention mn $§are E to thgse S illi%tin the art froma review
of the défaf Oévd“%l 16? W ot t hE Brer @FPed e mbod et “4HE it associ at ed

dr awi ngs ctrhﬂitloﬁip\plﬁRrth(ﬁth\lheVsth pigeevalirdges.t Bedipper {dhat astdneblappended cl ai s

define the liter and ui va ent SCo he i nventi RY OF THE
| NVENTI N3] B8 6892 ﬂ‘FY %?c‘tsﬁqie Hﬁat’(jf“é‘\%g‘fmg% fopgVhegdt 1s i(?e‘i %%{\%Aé es that

prevent \wistovemabiai thg rvbee pbfhﬁoﬂ Q8én kippPit&Kel thPrediptdRati@sReabwh0 a set
i sol ation packer. An upper or nulti-acting circulation valve allows
SWi t chi ngeHET- Wakiptiphis balljtrabsan bsmepvided dr thsppss VBl REEBRY Sqitianatid ri sk of

cl osing thevvasieRuRBoAiYEwadh JIBE &l NeurdaNd G&iAbliPURpRecSHstage | ndi cation
before the wash pi pe valve can be activated. The wash pi pe val ve can only

be cl osedastiot # Wil asiths) washpinsriebtiag litedsppolsibe wall e chobe pupeddieur after a

pr edet er RN {RMGRjdosh MR GrdeRfseiohd IN e 18udFRenl Or Be! ik FRXSHBRL that arms

t he wash pi pe valve The nultl-actlng circulation valve can prevent fluid

| oss to tohs theor.mati on when cl osed and the crossover tool is located in the
reverse posj | a t exit ports
to all ow thL,dO g‘ckeﬁlesgﬁﬁe%h%{ %\%lfa a%eé 0} tﬂ%’p Ilgé/ nE &Kﬁ; g]ﬁlgfggve 13eX| t ports

are puIIe@m@mtt@ﬂxﬁmemﬂﬂbmmhehnﬁhhmaetwgmade(h&ﬂkdﬁ@&meQHOE&@eve is

unl ocked after v with a shifting tool on the wash pipe to
1 ose 1 e drieroared B B9, Bhidieds Bt Bl SGrealabl BB BOL 1 On ror

pr oduct i enddrivamlighthtithige sgpeaddsclaithh defingl thé Hacd ambeqivabul sopoaf al ve can be
optlonall%/cgnflgured for a second ball seat that can shift a sleeve to
al | ow aci'd’“t'¢"™e punped t hrough the wash pipe | ower end and around the
initial aiMviArat Onasid andedrioor set t he packer. That series of novenents
al so bl ocks th eturn path so that the acid has to go to the wash pi pe
bot t om O%I);] g éacturlng aFr)ld grave? pack?ng tool has }eatures that préc"vent well PP

swabbing when the tool is picked up with respect to a set isolation packer. An upper

or multi-acting circulation valve allows switching between the squeeze and circulation

positions without risk of closing the wash pipe valve. A metering device allows a

surface indication before the wash pipe valve can be activated. 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 multi-acting circulation valve can prevent fluid loss to the formation

when closed and the crossover tool is located in the reverse position. A lockable

sleeve initially blocks the gravel exit ports to allow the packer to be set with a
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0010]FIG 1 is a system schematic
representation to show the naj or conponents in the run in position;

[ 0011] FI Gvo20i1934d¥e view of FIG 1 in the packer set po®criusao0fod3sL] FI G 3
is the viewof FIG 2 in the squeeze position; [0013]FIG 4 is the view of
FIG 3 in the circulate position; [0014]FIG 5 is the viewof FIG 4 in the
netering position which is also the reverse out position; [0015]FIG 6

shows hoWr(%p(ﬂe@'bﬂm.t’hﬁe VRSH BliPForkadry §uit bbabs theSHRSEdUE NMierPEEASL €r M ned
novenent of the inner string can close the wash pi pe val ve;

packing. That sleeve is unlocked after gravel packing with a shifting tool on the wash
pipe to close the gravel slurry exit ports and lock the sleeve in that position for
production through the screens. The multi-acting circulation 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.

[0018] FIGS. 9a-b the optional additional ball seat in the multi-acting
circulation 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 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



[ 0016]

FIG 7 is simlar to FIG 5 but the wash pi pe val ve has been cl osed

and the inner assenbly is in position for pulling out of the hole for a

product i omOobriva3gedand t he screens bel ow that are not sheemUSp@ODLF45B4 GS.

8a-j show the run in position of the assenbly also shown in FIG 1,

[0018] FIGS. 9a-b the optional additional ball seat in the nulti-acting

circul ation valve before and after dropping the bal
to all ow acjgdd3) ngrfst @ha-PERME Ihe RPFACLDY 1rpﬂletr5'€er§@9ﬁbsfﬁ@ﬁ Wt thbeool e;

to shift a ball

seat

[0019] FIGS. 10a-c are isonetric views of the | ow bottom hol e pressure bal
val ve asdettinfolergssirsbilowhcetehear the | ower end of the inner string;

[ 0020] FI %TAILEDJD%YP*FM oot PREPERBAY ¢RASOPATELTON of FI G 3;

[0021] FI GS. 12a- the tool in the circulate position where gravel can

be deposit eﬂ)024]0r Bedaipk €0 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 of dogs
38, reciprocating set down device 42 and low bottom hole pressure ball valve
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 translates 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



[ 0022] FI GS. 13a-j show the netering position which can armthe | ow bottom
hol e pressure ball valve to then close; and WO

2011/ 034696RaT/03&2810/ 046584 [0023] FI GS. 14a-j show t hePapfse@vogsssh t he
reverse position with the | ow bottom hol e pressure ball valve open.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 0024] Referring to FIG 1,
a well bore 10 that can be cased or open hole has in it a work string 12

that del isMRiSI128RpRUNRK RSHRIVRI 38 dfterdPIraBo |aﬂ(ﬁ‘ﬁ{en6})%§t§r2b|t&f 460 it the top of
t he outer asserer S the i sol ati on packer 18 whi IS unset for run in

FIG 1. Aty 33 ¢ @%fgrwwwﬂbm@eml hwawwgﬁﬁxﬁén ftlbthéﬂnfm}lh% the annul us
22 as shoupinh hdlfend (ﬂolil SE&&)C'T‘H%%&E a@trhg()a?c'uia'u@)ﬁ' valke tzldth'dé % sjhring 24

continues to a series of screens that are not shown at OV\BI’ ends of
FI G 1- 7 nipghangme wofchgvitlyppelesgeibed Relowuthat ﬁllwmtharstrlngﬂﬁetr)é)e rm;ke(éllso be anot her

D oduced by a1 ShRT AR Sl Al ot e R A b P b5 The 1 nner
string 16nHHs 4a lrshpulil bpasisdtet mklmwllln uhe sicihg halgiwscwdeas foghe 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 bore 40 so that it can land on
shoulder 66 for selective support. Picking up the reciprocating set down device 42 off
shoulder 66 and then setting it down again will allow the reciprocating set down
device 42 to re-enter bore 40.

[0030] Once the valve assembly 44 is pulled past bore 40 as shown in FIG. 6
and returned back into bore 40 it is armed. Re-entering bore 40 then 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 reversing out can be done in the FIG. 5
or FIG. 7 positions. To reverse out in FIG. 5 position it is required that valve 44 be
closed to prevent fluid loss down the wash pipe. Valve 44 having been closed can be
reopened by moving it through bore 40 and then landing it on shoulder 66.

[0031] FIGS. 8a-8j represent the tool in the run in position. The major
components will be described in an order from top to bottom to better explain how
they operate. Thereafter, additional details and optional features will be described

followed by the sequential operation that builds on the discussion provided with



val ve 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 seal
into the wackavoslse for the squeeze and circul ate posi PCOUSSh1OM6SBHN Fl G

3. Seals 28 are al so bel ow the packer bore during run in to maintain
hydrostatic pressure on the formation prior to, and after setting, the
packer. [0026] G avel exit ports 30 are held closed for run in against

sl eeve 3%1@9d-seahsSwak it Bfs sARIGHIHNG, $108Ss B8 Y & BHPIMRer Bithbal 1y in bore
40 while the reciprocating set down device 42 and the | ow bottom hol e

pr essur e 9RA7P thpgiswikng g dergny [tareaies eelafiys prsrepent He rsnine the upper spbt er nat i vel y,
the enti rg 433 $&HHYa¥n tﬁ?ﬂ&k%{%ettfn%%leﬁ%{?@%ﬁl@gs 3&h sREOWYEeHE Gpef2 and | ow

bottom hol e g(essure bal | “val ve aSse can be out of bore 40 for run
in. Val veulads énhilg byahgd setiingceeld7bpene slogveri§nthitrhas Aleligle codlelgtat 46 r ecei ves a

bal | 48, é&i&g?ﬁ%‘é@)ﬁbﬂef 110 .he%e{&iﬂi(g r‘t})? ?ﬁ%\'ferg) tA'?@r F g%gt%:ho%%&)ﬁ%fsure I-t(p 96%7] Wen the

packer 1 positione proper 0 I's ready to be
set, t he tyapacketd8ihgs panpemict i [pesize 8% and intv (or 84, sBOvd 80 tsipeshelloped positi on,

as previqQusl i ped. T | i ressu r | at C onents on a
cnown pack el R 415 PRRe G5 BaFeie e o WALACALRR SERARG
posi ti onrelfgsedwy @48 teejgement70t Ree pniasls buiglubedfngresyopd iire ghadsaget B2 known

packer setting.tool (not o, get the packer 18 set. [0028]1In FIG 3
Phe st r i g eatieh @l B bt RGeS PRRAE HRA BB S heliogt. v

wei ght sedol d0\iweangdifke tietpatieg sdi@nsaedvs 7820 s theSrhclen 18 he pashidg eudCt | ng
circulation valve 26 ispol ates.the upper annulus 56 from the annul us 22.

Fl ow dowi $78! andstp pssgmily as%elz RN E@lnﬁ&haéﬂ‘} %‘ﬁ@reg%’feél PAMsBrPE 30 and then
ports 20 phekef QitifeOobiNBtsanpcks a2 J0@OPSINBRlougl yre86. ST prisstiRps @sent ed by
arrows 58 can fill the annulus 22 around the screens (not shown). The

nul ti - act¥lpged prduPal isofelivepd & 96 PAgkeT Fith-thg Worknedpeaioi B¥eviMIccHewi | | be

descri bedy aQwsét@%peﬁJ{.l Ahat RSinSréskitg islappli®l RRiP1 1k&d syRviRRhvset down to
get seal 52 past a port so as to open a return flow path that is shown in

FIG 4. Mthes R PIpeanpbeed that picking up the string 12 allows access to
the annul USE(ﬂ)gz]eveéantitnhi'ﬁgldB@nga}é%edoﬁéﬁ@éJ&'tﬂegpatcﬂ@r 180 1R, R0 uRYe FONNECting it

fluidly to the ‘'upper annul us . On the other hand, setting down on string
12 whi | e gravel duty ettists20 alseshowmint e pabkedrare 8sagies pf lslleyge applfrowhe ret urn

path to UPR anhul. s Vi oo} the FIG 3
posi ti on&@?ﬁl S :atée acct)grlr%lqrgﬁoépdéé\slbyt%lwaggﬁr%?(a)(?‘%r%)? én?eéﬂ%tnﬁglg%vﬁgﬁl be
descri bedebkinowt td he bhentgd mcall@tihoke dnediéonoflhéde@peringsh20 hat ardleaf | ow t hr ough

" SCLSg8 GO PR By 2R 2555, B PGP R LS, 3, and
] -sl ot asaésrbhyd mantleanaciabefwer & holes could be slots or windows of varying

configuration so as to direct the slurry into the lower annulus 22. 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 multi-acting circulation valve 26 will
now be described. The top of the multi-acting circulation valve 26 is at 90 and rests
on the packer upper sub 72 for run in. Spring loaded collets 50 shown extended in the
squeeze position of FIG. 3, are held against the upper mandrel 94 by a spring 92.
Upper mandrel 94 extends down from upper end 90 to a two position j-slot assembly
96. The j-slot assembly 96 operably connects the assembly of connected sleeves 98
and 100 to mandrel 94. Sleeve 100 terminates at a lower end 102 in FIG. 8d.
Supported by mandrel 94 is ported sleeve 104 that has ports 106 through which flow

represented by arrows 60 in FIG. 4 will pass in the circulation mode when seal 52 is

lifted above ports 106. Below ports 106 is an external seal 28 that in the run in



[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 mvoedittasm@®swi | | di spl ace fluid through an orifi eeTarsdowlosissat 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 | and on shoul der 66 for

sel ect i VeoSHRPRMelowPihe v cHP 11006F the phRECERE! 1B Beihddenindeyi ge 42 of f
shoul der 66 and then setting it down again will allow the reciprocating set
down devil¥¥e do thy SFeéveHOém@éWéhmlee[ve haheeretiSOvaraed REEBABl y 44 is

pul | ed p35tacbar f144fa dkusdBNod MethF1oOsapdnl & WAIDBRKdbepOre 40 Tt T
armed. Re:entering bore 40 then close the valve assenbly 44. The val ve
assenbl y afiema pal srdreppeomnt 0t 118 o presageh® Finche mem@rltquﬁ stlothe comi ng out
of the h?$@< }¢ should be noted that reversing out can be done in the FIG
5 o0 FIG positions. To reverse out in FIG 5 position it is required
that valve HMW3dle cAdbepertvelverldlenteld bprnchyl dese ddhat heimmd at p24e. Val ve 44

having b I eop, n o] and then

| andi ng S?m%nhgﬁgglﬁlﬂE§§WHIQCSF§%§T¥mg?ﬁ% Q@ %ﬁygé%gg?enﬁgfﬁg tool in the
run in pesdisturoim pafiage 82 jisdruilc oprplonBaytpsr iallbwdiketodesey ¢lbed againanreaor der from
top to b om t r ex | ai n ho the Thereafter, .additiona

b ai s dah bl oRrhTE af g ey W Mipbu BPSE B ot PR by R Sequont | a
operatiowah@ﬂxﬁuuth;@ﬂnhh&m@ascu55|on provided with FIGS. 1- 7. The mork
string 12 i own _i s the to acker ettjing too

that is a kﬁ’&aﬁ deg?lﬁ%lt:’a‘%toﬁziggt%'s VQ%PW% %I%Wk{rgr@ﬁt Paes ‘él“ﬁilng t he upper

sub 72 and RS E@}tsdpwnanﬂhﬁt PleGker30s ehd 10¥@r Sh€BV Slechd M0LBrvied 8s BWn sl eeve
76. The upper sub 72 is held by the setting tool 70 using sleeve 78 that

has fIex|r%tﬁté01’é‘b]|0F]éEosth%lPa‘ik?fsquéS\%Pp@ﬁélubs@p%‘rngéﬂl ge thaydf Bettssiy by sl eeve

80. Aft elyeasthikduriBR MO RELEIWeEola®dS6 el MR NP AGKE theiBofta bR appl ied in
passage §2 and into ports 84, sleeve 80 is pushed up to underm ne the

fingers derhhpackeidrs eeingk thsirelaienaligcisef itornt30tingo lopprsmedded amditi s rel eased
by the sl g uhQOkeldhe by Eh%ss‘uﬂ! ﬁl'p@és Ggé%i SR R baREISPFA. PRoRASFagEe 82

comuni cat es through ports 86 in 8a to nove the setting sleeve 76 of
t he settiinden potheqddodown seghd pasken lrﬁearplafbkrepw@et]ﬁﬁ an glosevepiedento set the

packer 1%&&&%%&?@'}1{&%‘86 nﬁ%{]%né %ﬁ'}g % C%(pdu?fi %ﬁ@éeYtlnggpr?Aegs ' $higort h noting

that in the inment t er séttin sets the packer at
4000 PSIcuhw@ughommﬂ@mSBﬁ)mhempmeﬂeuneunbmhﬁemlﬂeneebedqamd)dhpull is

del i ver e%etfln o&fﬂf %Cni(()\ex/rrelvema teg frtoglethe’\D r St rl n L72 ANG e r1n§ 2tcre11rel bgl I ps have
set proper pressu s E agaln |'éeve 80 will nove

when 500@mﬁ$hhhﬂ.applled [0032]Cbnt|nU|ng domn on the outside of the

ker 18 t t h | sl t hown in FIG
bt ch ar o83Er | G8se Tl BT BXFar el REns SnnE T pESLER"Si 26 or

pr ogr essinvgi ytcti@rcg[eﬁlau@h Pl €026 bl 18 ﬁisé@ep ib@ BuBing up hﬁysleem 98 aallant cut to
be orientﬁg in a do gle dlrec(i The e openi n é@) e a clear shot
into the 10ByRFig {58 93 2atleh Shgyders % &d - sK 1FIP St ‘fﬂﬂéf"eért woul d
under st anghet fiathg toRSBis@X Uﬁime[ttgyf\/ﬂleQ:t)llé'tQ Isesmp%hgl oltat HeQbtio whbrddows of
varying configuration so as to dire he slurry into the | ower annulus 22.

Cont i nui fgp &itd M @lo@éedalﬁ(flﬁe%vWithén%lfiﬁ Ad aﬂe}%ﬁflinﬁd@é hepestHeit scr eens t hat
are not shQwh [leQ\%:”]lﬁiﬁfﬁﬁ)ﬁérf&g HOWhE DabiteERpp8Pweh B enfUstdntF tof Ng

circul ation val ve
connected sleeves 98 and 100 can be manipulated up and down and in conjunction

with j-slot 96 can come to rest at two possible locations after a pickup and a set down
force of a finite length. In one of the two positions of the j-slot 96 the seal 52 will be
below the ports 106 as shown in FIG. 8c. In the other position of the j-slot 96 the seal
52 will move up above the ports 106. In essence seal 52 is in the return flow path

represented by arrows 60 in FIG. 4 in the circulate mode which happens when seal 52
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now be described. The top of the nulti-acting circulation valve 26 is at 90
and rests on the packer upper sub 72 for run in. Spring | oaded collets 50
shown extwoded/ismoshe squeeze position of FIG 3, are heCu/isq@ionsdsss he
upper mandrel 94 by a spring 92. Upper mandrel 94 extends down from upper
end 90 to a two position j-slot assenbly 96. The j-slot assenbly 96
operably connects the assenbly of connected sl eeves 98 and 100 to mandrel
94. Sl eeyeadfle Jodk riloaaah@s{h@% @ei@ﬁﬁmo%mdh&‘@%qd Rufrh GathBde (RUR V\ﬁ}&t ed by
mandrel 94 is ported sleeve 04 that has ports 106 through ch flow

r epr esent2BePES0-p elotes ag o §If. Fpugl inghgypupiin Hﬁsﬂé)nloﬁﬂch@cm rcul ati on node when
seal 52.1s |dobed RRRYEs ROKAS hQbevcRALAMMRALLANRAG Je8yansaxhappal seal 28

that in the run in position Is belowt | ower "end 110 of the packer upper
sub 72 andpisledmpithe 1352 vBY rispehose a@@ol(lﬁr@a@ the|femagion gl brovres taghe hi n sl eeve

112 t hat ug?esr élﬁﬁﬁlﬁ%Sé cfh%gél gléf? gnczinq [hdfie %ﬂ:vgﬁs ﬁlle%g tlgrl' oﬁlns(:\!valbgﬁ% ed by dog

116 in FI rts e cover so t ter a i s dropped
ont o seatas thk8nitehetripad6 Bgack8@ up,dﬁthbe apy @gls arawdd the 1mr®r matlg ieehgeicker 18.

[0034] A fslbr%FFg E(%rlar\éfu%ctl]%‘oznothe ra1s1 gf ﬁ)l@?nnep ytn%g E(re\éﬁl ?uce é)ref%gur I nned at 124.

When t he rres ond ded on seat 118
and pres§mmmummopa&sagwdﬁﬂm;whhhutﬁaupmnmhe>mbap@mensAahEQMBﬂdto spring

cl osed a nst seat 126 so. that. ssure t hat m ght bl ow
Chebal | TElB: MeRGa R ek PSPt BB S FiReRSHet Ebpped

[ 0035] CoipagtitaekrIGs. FloG.wiBaobactusedie P1S 41 her illi it dfsabqne passage 82 it wll
go througﬁgports 1288? d I| t sleeye 130. The | ower end of s]eeve 130

serves a PBPIREh oE?Ik%mP%éuﬁﬁﬁK@r HHQm@rmﬂb e G5O duri ng run

in so thabwkvertthge $CiLEMTongLEonSTMEKn ChcteN@e IrétGrni Putit N8Y sk Bveotated to
free them After theégroper pl acenent for the packer 18 is obtained, the

rot at i on@P™$ d0& IoFIG- 186t #8EFr9s Hs nuskye of et alkanaivg embodiepiis ded up to

rel ease RQYoRHERP ?Qluicf‘dc%}ﬁﬁa@&%e 82 ad{te8hnct B&nPAb s demotkOpRad iRk ston 134 i's
t hen pushed 55 o0 set the packer 18 and then piston 136 can nove to

prevent ®¢EF Of feas JpHigancheo ﬁ&é@exd aed gavin ppispeealwithes d@gs Wuthg ng t he
setting BLRGEST of IV SinG' $@iLhe Fast 8\ dpeh SLEESG fOISfPiet ﬂJosé Qfatr@a(ﬁln% et can

unl atch fromthe packer top su The settlng t ool I's now refleased from
t he packdronupitein thesoregs wifftiaciches the lqwr@gerrgl@félmnb@ smmllp ot thf 0036] Coni ng

back to F 18 set, the top 90 of the multi-acting
&%’%m? &15 %Mg ctf*ﬁ?e \9&&)%

circulation va e ralse up by pulling up on sleeves 98 and 100
to rai se mal9B8l OMirsafid exin sHditibae rper%tiafndt BAvatigageg twhitehrealrhows t he

| ower i nner, rin raisad t th col | will spring out
at the |6¢ t:Etltll%tcé;nam ré&r glettﬂe Pe 126 ]E)FR5 %egg%{ ed Kei g% an‘%/\g{’ *andrel 94 and
everyth|m@mihamohangsh@pmhﬁmﬂﬂﬁkﬂﬁnﬂgnﬂhﬁﬁM@nﬁﬁ&snsmmpmﬂﬁﬁdmm®ﬁ t he packer

upper sub 72 th of on ect s, 9 nd 100

mont put a8l SRt el B PO IRR Tk Epe B A Rore co rest
?t tWﬁ pPOa phidh €2’ :cmgsdeh@a&s@ﬁddamd@aﬂoumrumﬁ@ado @[l)aﬁefetv@éﬂ\/ﬁarfsmlﬁhdﬁf a H nij te
ength. I n one of the two positio of the |-slot the seal 52 w e
bel ow t hé® ?@afidé@ Sse Rt el 1, gt surouhiie ab@lﬁgptt%slﬁ?%wof t he

j-slot 9&HahR sB&Rh iDRICY. bh-bNDWEI UPovaRRYBalt 8t PIBIthe wWddGised © ses@eNce seal 52
isin the return flow path r%presented bé arrows 60 in FIG 4 in the

ci rcul at @2¢K5HES ol BAL iR Shpyenia pe- S Wb thigopiionylalepigp {4 hoBulind t he

squeeze REG RINOELAVE BE it BbME Be RBkd he thbsammefs N BMpp& @il s cl osed as
in FIG 3 and in the run in position of FIG
after the gravel packing and reversing out steps are done and the inner string 16 is

ready to be pulled out. Note that return path 138’is still there but now it passes
through part 112’ at ports 144 and 146 and channel 138’ on the exterior of part 140.
Ports 150 are held closed by seals 152 and 154. Ports 156 are offset from ports 150
and are isolated by seals 154 and 158. Ball 142 lands on seat 160 held by dog 162 to
part 140. When ball 142 lands on seat 160 and pressure builds to undermine dogs 162

9



[0037] 1t should be noted that every tine the assenbly of sleeves 98 and 100
is picked up the seal 52 will rise above ports 106 and the formation w ||
be open twothe/aspgér annul us 56. This is significant i nPCRAS20t0/0pF58yent s
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 swa@mangammnlsﬁiftd@wnltaﬁrﬂgg@kor{s%p h&d 1350 v@hde@RealfBs2MRAtIspned before
noving up to operate the j-slot or lifting the inner string to the
reverse pdsietipddingfpops ddd g ports e withoicala dad Mo a¢id pyared dgunnor will it
swab t he of QLA Qfingr DS ATRANEIRNSpf 1361 8elld deaidGliRAKCLNIENIAL T On val ve
have now been descri bed, however t%ere Is an optional construction where

t he ret uder hatdid 1350 divahpleaiso vessprsr ¥3§° a0 that tRreGltegeigeavdi fackingnt . The

pur pose I nat | gpgﬁ iﬂ@p} i | ~ d down
passage 3%3%£*?%§M%ﬁ%@§’%¥f?ng gsl lrg%%V%gbgkggﬁgﬁﬁﬁﬁkgggg%Eg of | east
resi st anee itsio pubat odt|afiitee photp.eshidovwnthp agsmige p8howi hlyvwgp vdasknistio t he | ower

end of the .inner Stri 1. st th n valve 44 for the purpose of
treatingalggﬁfﬁﬁfﬁFﬁrgﬁ%gg ?@%Hg&&ﬁ?%ﬂg%id as the | ower end of the inner

string 16 ni0#dQ] upRé¢fheing orawatdé dAGON Stfgethwaipnauitriod lvheontehdsbwoitie.

[0038] First to gain additi erspectijv it is worth noti that the
oturn paterrS PO uRaRoi PRSP RESE: [offe pelrng et PutBbiitc ne ports 30
and bypad68sn @8 sIhs hoaweriddyastdmeblp 38 his stidwrhindd€rs. llimas cangdisthen conti nues
inthe run.in sitjon until cl osed off seal 52 just below the ports 106
in FIG é‘c’:r.lesl‘«%f? (PgFiJr@ WSVVL%V& ﬁfe@a?%oodﬁ? 3T7?Lf2‘g ]ﬂgsn BORPIEYEBIYned and part
140 i s adaaéidequbpeshaiunpen7eaid Br8lRdatatsect for riSindRnpg@bbvet492at the top
and part 112' that surrounds it at the bottom Note that what is shown in
FI GS. 9a-#pd 14 ot thaisehe shap@e v rPsFgrand 188 defdne angse dedorss 8% the packer
18 and t Ngh ah$ 1841 PWuh i frk Gog 870 Y RRiaW, tdirab il Si®BlobRRABo AR 1&g for the
mul ti-acting circulation valve 26 it should be stated that the ball 142 is
not dr opp¥ernuthe ineasirise Iohe nigkad ap. hackend’baentingy srogingg'rontthdteps are done
and the ;RPQLeRE Unt® hkfnd ShARRAVISEGn PAPWal §iRlkihat Wﬁﬁ it halendgturn path
138'is still there but now it passes through part 112' at ports 144 and 146
and chanmeewdghe dpgst 1O goxinterd ggeoborsathan thg@un Popasion 50 FHr.8fled d cl osed by

seal s 15 - - - r i sol ated by
seal s 153@%2ﬂw%%§pn§§PFﬁT§%§ﬂ%%%g?éﬁ@%%g{k%@%@ﬁgﬁ%n%%ggggﬂig%%%O part 140.
When bal |holti4Re Hegsd§0am the eadiallyoéxicandell prsesswpenbunipd 476 andulitdreforae dogs 162
so that part 1 can shi down to ali rts, 150 and 156 bhetween seal s
752 and TEGuA{ Tt HOgRY: o ¢ SR Rl F RS RL R iR BRI T *Row
aci d punpech aoving paasagee 82sdadsiouldgoouphiadseo brd®witeituowerpaindrel 38 because
seal 164 oc it. It is fine for the_ acid t o ,dgwnha i Nt 0 passage
158 as B9 eASIY iy r2ppRdi e Sp i THRPTER ShIHOPS Pt path

138" ¥vn I Erisingmlleloigm_bﬁgﬁltchﬂicbﬁ!)ll elid] pﬁsgligaelmnaeharﬁﬁdﬂmg P\(;’\s;]c_alslsis_tisi s pull Sq
out of the whole,. is the int ed  purpose anywa ich is to acidize
as the iﬁﬁ@&TEX%?ngb@aTﬁﬁkﬁﬁpﬁﬁplgg“fﬂ%ﬁﬂbggmmPﬁﬁﬁgf%@?ﬁ??&ﬁﬁ*nom1to FI GS
8e- g t he 1i BRKNKin%ttb UH thisl&hdGRBEdrLas a Wirtdee BBAQ R0 G televle & haRpaRadr el 166
that continues to the netering device |ower mandrel 168 in FIG 8g. The
net er i ng “AdkeRBeRsuEE 16thahwmpie 44 with kegrmed 2s showndig e @ dé the widicf es of dogs
170 that 198Vey1hgie8 NRLhGTOHRY 85 He/ppBlfinkd 4hRGRRorARAPERE: BNE$IachEt €ri ng sub
166 has hunps 176 and 178 |n|t|ally offset for run 1n fromgrooves 172 and
174 but &he eihBomahpmbeddP apd appiigesiosded saisty iahg HRrwiHeopan Kepdsege of gr ooves
180, 182 i I L : cted into

gr ooves fggq%%g%%%ggéaﬁgﬁof gh?ﬁd%?ggP%?ggﬁ%go??ﬂ%?%%%%ﬁ%%%&i%g dogs 170
cont i nue irnsy ptige dp nwiveshenegh tot Alofvethe pprseshends ohihetdoggl Mhiowodérto 186 in FI G
8d. Befor i IS I . I a bi gger
bore thaﬁﬁ¥%g9¥%£ﬁpgﬁ%6§iP?%ﬁmggmpﬁﬁyﬁﬁﬁ&zﬁ%g?ﬁgsgﬁg%%ﬁggggﬁﬁ%%g 188 pushes
t he dogs stin@ ldavmnce bpit Theevdsh ptpeevalvetddris mgv sxpandd@ibopoo emetgthgt fien dogs 170 i n
the radially extended position up on hunps 176 and 178 before the travel
stop shoul der 186 is engaged by dogs 170. In order for the netering sub to
keep noving up after the dogs 170 shoulder out it has to bring with it

| ower mandrel 168 and that requires réduci ng the vol une of chanber 190
which is oil filled by driving the oil through orifice 192 and passage 194
to chanber 196. Piston 198 is biased by spring 200 and allows piston 198 to
shift to conpensate for thernmal effects. It takes tine to do this and this
serves as a surface signal that if the force is maintained on the inner
string 16 that valve 44 will be arned as showmn in FIG 6. If the orifice
192 is plugged, a higher force can be applied than what it nornally takes
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brings the collets 257 (shown in FIG 10c) on val ve assenbly 44 conpletely
t hrough narrow bore 40 that starts at 210 and ends at 212 in FIG 8g. The
col l ets 286 2illd34696ed to go back through bore 40 from 2PETIUS220046&84 t hen
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 will close when the
collet 257 is drawn back into bore 40. [0041] The reciprocating set down

devi ce 42chaf). anwidlthidYlo®tridd ®4bwh %r&%g’ﬂ%@ﬂ?@éo&z RBGuIALeo & 4 ged section
216 with a | ower |andi ng{shoul der 21 There is a two position j-slot 220.

In one pdsd fAidre viherthaek igiadirerdh tpelgseiis suppor t ed, the j-slot 220 allows
| ower reci pf(fﬁﬁg]t' NeLB&L thngelﬂfagvéu%elwgd?elr Re2dodsNB0 4rS uR@ihindell the inner

string 16 to advance until shoul der engages shoul der 226, which
shoul der bpags the coltpiy 2T plomined HecHlgs en vilee stsonblidd comgleiphsthfasghd support .

Goi nci de%&&dv%oﬁé’MbElilaggt?rt%%%H?g&g ﬁd@%ﬁ‘zl%riﬁ'l?ﬁ%% SQaghAg 20@%&[1}3%%38 comes | nto

alignnent wth sho ow the reciprocating se own device 42

t o be heltagd hagsabionghopore#0 fromo2ili2de 21@ 4181 thdnihs inrer sthiogwh6 will hévd toret er i ng and
t he reverse. ifion f F nd. 7 ve i ckin i nner
string 1é)%zjédtﬁggﬁér%g%é ¥ %%@%%&% a& b%?& a(r)lrdtlilgcV Jgtﬁgstgffége‘ﬁ\}%g position

] - sl ot 220lvewill blate wiik@nhoweillgi®S7iisdragabmksmb bdewd. t he hunp 228 will not ride

down to the ul der 218 to.su rt i.t.so.that the col.let, assenbly 214, 216
T ol R8P Bl it irg BP O tivict e e i SO e TREEE hom der” 236
engages amﬁniphamd nﬁadscysesuksrfamewb %Mbmlaaaﬁlgismfd@ﬁlsgmle{eq@éz\]xzﬁiﬁ; Frri ng nloYv
to FIGS. 8i-j a | GS. 10 a- b, e. operati of the ve a 44 Wi
be revi e\RQEFIJ’IF]I'Q%. 59%-036 ?H%U\?Ihﬁfﬁntth‘)e W&ﬁ%ﬂ}ﬁ is‘éppf)ft‘?cgl?heﬂ(fﬂ%ézg toycl ose

f rom t he s0peaIoResictipiRadly seidbwne@idd nfahdroLIPl (VRS RuSf Aehffer Ski@PS Shown in
FIGS. 1-7. Spring 230 urges the ball 232 into the open position of FIG 8j.
To cl ose 1fPre apgmfe vyd S?ngeé PRt sBgazgosherlder 220p @hich 3BPHdd 0 isPY a j - sl ot

mechani smyg3fted MBCRRN IR MKE3MeC 218 hisS Bhindl REpie e indRBn iy WvithN@e ext er nal
track 238. It has a |lower triangularly shaped end that conmes to a flat 242.

An oper atsbpuldaredifeand 226 spgaging; Pyrain g8 eatey inhapsemenppéh sboiddz 288t hat ends in
a flat 24803 BeY&iA8AihS se%fggg}ﬁﬁéxggez%oiﬂﬁ@éﬁl ig‘ﬂif@siﬁ&fjoft?étﬁ)ukgr bp | 232 offset

fromthe rotational axis o | one of the connecting pins 250 to
t he bal | T282s shayymninithe Pe@ringpncatheveversaeoptipns @3AGS. md 7. However,

20111 03490RRCT) US2010) 0R56 4L AR TR G, v Sh A\ PRBAN SMA3M | 5 act uat od by

engagi ng sho en pulling up rnto a reduced bore
such as 40sioon jatler22§ob nigat cdwam waighhis siedin dawlownehghim@22B endlgagiridg shoul der

254 W th Bwh ?od e %lgouﬁ)c%; %18 t%csgpp%% it4 soo' tha%ltheeec\()ﬁet assembly 214, 216 will simple
collapse inwardly if weight is set down on it and shoulder 218 engages a
complementary surface such as 212 in FIG. 8g.

[0042]  Referring now to FIGS. 8i-j and FIGS. 10 a-b, the operation of the
valve assembly 44 will be reviewed. FIGS. 10a-b show how the valve 44 is first
rotated to close from the open position at run in and through various other steps
shown in FIGS. 1-7. Spring 230 urges the ball 232 into the open position of FIG. §j.
To close the ball 232 the spring 230 has to be compressed using a j-slot mechanism
234. Mechanism 234 comprises the sleeve 236 with the external track 238. It has a
lower triangularly shaped end that comes to a flat 242. An operator sleeve 244 has a
triangularly shaped upper end 246 that ends in a flat 248. Sleeve 244 is connected by
links 246 and 248 to ball 232 offset from the rotational axis of ball 232 with one of
the connecting pins 250 to the ball 232 shown in FIG. 8j above the ball 232.
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256 defines spaced collet fingers on the outside of which are found

shoul ders 252 and 256. FIG 10c shows one of several openings 258 in

sl eeve 2580wherm4d98e col | et menber 206 is nounted (see RCTWSEOIG046B8) . 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 triangular conmponents 240
and 246 m saligned with 270 degrees of remaining rotation required for

al i gnment  a[pd4s] osmLj- 96t Rahhnid3 234 Thewldidash @gﬁgm%@h&ﬁdeyczlsy@seM into bore
40 advances trlangular conmponents 240 and 2 180 degrees of

m sal i gniédt 10cUrvhes prBing &8 iip RdedrcobREereh aéflOtOhéfh?rhgféag 4ol wigh 16 i s

possi bl € iftichin {&1en 5k €hdAMRASHAL R4 UMD il AcHALUE diberk S T TPOT L ANt

to note that valve 44 remains col |l apsed bore 40 until the netering tine
has el ap286ldeftive epaged endledfingarsipn thm@ltsldm@rwfgﬂzh rpépund sl@mlftemﬂﬁé@n@ pwar d

al I ow ng I

Down vvardZggxﬁgpgg?a%iﬁ%eroége?fﬁf %eg‘ F%ﬁéﬁgﬁgﬁgg@@% tﬁ% |nteract W th
bore 40 masnbet Bﬂﬁglslmounﬁqda(ﬂg:lﬁlmFIébr%poﬁmnlﬁﬁ @4iBe aplt:t 206 ritles imdwskce to a
position S At this point typically circulate
posi tion Zg{%oggelggeqlg?é?h mgleane reached and gravel punped. Upon

conpl et ng [00d4]gr aked-ingesitibm showmade édGLr lestarmsneith siingulyg chGpavichis 24@ pul | ed
upward. Val 44 will e bore 40 to.produce anot r rotation of 236
ot ng U0 P3Gt s T AEeS g a BB P G 5B H 93,1 oot ose.
To reitercaisee Eaah ZGEtH{enﬂltst pngk Iupt(ﬁrVaB/EI4@ll‘lnt©fbo$d1001|adi‘euhceﬁaﬂa@ilﬁr 254 with
respective shoul d s %{o g& dgroduc a_90 degh e rqotation gf j -slot

sl eeve 23B8MPYBiSeetd gl 2 a Feeo P! HEligyRents Hgtrrgapred BRV4 Y shoul der

252 or shmwe@leﬁtozaﬂa,m&y @b 46 liyehs AR vaXi the RQtebifs BoskibnWhb O UL FIPASS| Ng
conpletely thru do not produce additional 90 degree rotations of j-slot

sl eeve 236Vhary 1td§)HPEQé“[aP'h@ 94 thapgdvecdhrepring sefiaedin ke ARvAY Bf osed as
descri bed)ahyginRyhaRUs .’se@g GRReUHSE ARA tRAGK-rAOWR T6RLAuUERs BOwRa40 get the
flats 242 and 248 misaligned at which time the spring 230 rotates the ball
232 back atlevinaehe geliet ssye 28h of Meloasivinerrpemkatiaypdrres #9.i Rghvawrds pul | ed out
the sl ee\ﬁ?ovt]:ﬂiéntvgf Ilrlnepﬁnlﬁ%]i@ﬁm shélmiécrtﬁg t@fﬁ%rdo@%ﬁ@oﬁemm bt 'iflt ed
position. Referring to a series of shifting collets 252 have an
uphol e shlllafnlgulﬂg cohpoheesr ZQQSEHénéI‘lGa el oimdnok etos hi pasitieg st @01 dikgrees 257, When
the inner .str 1 . tk i I~ 0 ul der 258

of sleeve §hllﬂ%gwlgt I‘E@H‘é’fs&%@g&@% 1c‘z§r§{ég}% q@é\?ﬁ@%@“ oFlTI? {t)??tt(?ggped col | et
116 t hus reeehabsidnggae] ewpedllupdroccmm]!@inuphmglevelﬁueevg piﬁc@dwellhnebe carried up
by the in er [ 16, unt i | |t |n r 26 ich point the
sl eeve 124™ ve‘sml‘rﬁe ﬁlrlle elﬁll)war(il @Hm?n“ﬁ&elr s r| F\e qéoﬁ i ar\mfeét fingers
266 engagaatgcrrmi\/z% 21ﬁ8w1ng\ttniﬂgumr mnpﬁneﬂith 4@ add Bt6 tblahgemi 26i3dab | ect

suf fici en al |l ow sl 260 t.0 a und r 6. Sl eeve
560 5t ontienSiBidi Sde EndtaancBass PECRPHIT PEL ob B RS ace’ G nce
sl eeve 1lé&peaivatsh@gdedot Ebré)qm[ﬂ@ﬂuﬁésezega de@ehR@snt @F-s@ndled@Ad236 not
restrained and is free to nove u sleeves 14 a 20vm' I ve in tandem
with sl eg\'féc%t? igisraconsit| g wmsegoideqbs 1 s é%(&?\?gg%%ﬂ% deg i%m%}él eeve 260 to
go over Gglelifd Sind6&KitaRAbsHO4Y d@ﬂqoaé?asts@g r@m& fihRMis| ReVRo&RE as the

i nner stri n? 16 cones out of the ho Thi s f;s sl eeve 114 in the cl osed

posi t i on.2ddifionahi98 depice refpien; of kot glaeye BW)(Qf Wﬁesth‘z@alﬂ P3tmcth&e annul us 22

so that gpplcadiet bQRe Slobddng ERRHHA abMcObyt PRNRBCKEHILD 5D PE QgWEEe t hrough
t he scr eens not shovvn and thr oug,g t he ‘packer 18 to the surface. The above

descr i bedhragghebrsn ta gétafﬁe platsr demnd stf@%l]g@fﬂ gorhieh gme theospiiag 288t t he i nner

string 16,LS {QWel 85h Sk tat deg 257 engages shoul der 270 on sl eeve
260 to pu?t:a Sieeve 260 o%f ?ﬁéﬁ%%lets 266. Sleeve 114 and with it the

sl eeve wit h[0945k s %ewhlelmrgestnpm%é@ua@mutLttmsilqeve;bH willsbeum®clesl, i nt o groove
272 so t gitftf:g 'aﬁ@‘fo%k%ﬁ?n {13 il ﬁé_{sﬁt‘iqngc%g@ ﬁ%“ 8g%rseﬁ§s78@£hlﬁlﬁ% ease from

sl eeve 2 eavin eeve ositiron Tt was in for
run i n asokhods hwel—'dn(?uphae shﬁti@s&@umm%%aﬂdoa: kla\tmhte;lenhlﬁtmg soppiesed end

positi ON%57. When the inner string 16 comes uphole the shoulder 255 will grab shoulder 258
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[ 0046] Referring nowto FIGS. 1 1 a-j, the squeeze position is shown.
Conparing FIG 11 to FIG 8 it can be seen that there are several

di fferencwe.20838@®en in FIG lie, the ball 48 has | ande@#Couss@an4csss
breaki ng 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 | anded bal
48. Wth the packer 18 set the work string 12 picks up the inner string
assenbl y o}6lea% Zg00WOwh Mt Fl(3 8elanbi@agy SRt B0 ctfhsf bl c@kh N0 afek r cul ation
valve 26 as shown in FIG 11c now has its collets EO S|tt|ng on the packer
upper subclgpingtiisere Harimstovg upiialg. per uf0 willthsearrisd upby e ienesigae i - act i ng

i reul at iginal B0 cath el 48 i Wihidn ol BE 9! fl4fhGes BPLantlih N the wei ght
set down on the inner asseibly the seal 52 is below ports 106 so that a
return patith hagnpssting dedntil Thile flng@’ls 2@ sngabe sipppe 268 rvi thizigoiB6h¢ see FI G 3)
fromthe t e 5@Q% ore the

j -sl ot 9§§ﬁe{t %%S ?g&r) d§ ?ég\réﬁ%ﬂclﬁb%} %o%llfotg{%%%gg% OA&S Jég(gﬁpflgx%eeff)orts 106 for
t he squeésé. §b$v¢ﬂﬁmsmmUWh@ru&s@mﬂpﬂumhboﬂ62H@*ﬂgﬁwwWaﬂﬂbnlpb61t|on of

seal 52 n o n r |ck t forces of

t he |nne$%§?%bg ?@1Q$L&%a} (?%%%FE #ﬂﬁyﬁfg e q%ﬁgﬁgruw%talned i f
there isahdisi fmbel tos® Ve np slee\h:e Houmie2a0 will m@veuhaetndemgm}npsﬂmma 26Mudtills 56 can

qui ckly be,cl This c e don out havin the | ow

ot ¢ om nariiy i d i 2 RauoS A% 200 hin AReRE ZtBEaEt pnol o
novenent 258ud felea@t fr@mebevie 260 hotheaine Odtrigs16 dd5e oufaiTohechomTaRRMks are made
with fl ow co nication to.the u annul 5 ile fluid loss to the

f or mat i offE%n énggéwpe%FPH“PnAfﬁgtﬁﬂi ?Wﬁif?wglﬁh@U%Wé@b@ﬁnb fve 26 being
in the clasaeh pzo§d ﬂhatoanpﬂayu@laﬁ tsiring caOWH inkb e dpahleernsab @tod8& ihfjueht he reverse
posi ti on. 047] 1t should also be noted that the internal gravel exit

ports 30 ﬂ%?rséfeﬁ%wn pwakRd éhppeh e pagkerd 8dp evrrface4TherpRpve dep¢ribsfi Ty bl ocked

themto %Ldvefﬂeﬁtb@anp@qls\%&sea% &&n%nm To Wi Bat it i8N \WRink N6 [l 1GRered 1 d-e. As
shown in FIG 3 and FIG 1 the netering dogs 170 of the netering device

38 are i o Wit shopddes 257 §ngaﬁ@9 ?@éldslf thon H@e‘@e%Od@mlld@wq;éﬁ(h@fi@ﬁbl y 42 shown
in FIG ichlets I&esie% ﬁqtah@WitHQtl e BESS SHLHoREL wHRLY Budida iswP&l@W bore 40
and will stay there when shifting between the squeeze and circul ate

posi t i ongoldts F1GS iBo gmepva 27 604BjtRleeve 260 ran gi pidrahem gngEsiulder with t he

B o DRFGASAREE HORL 2b Raling HeUecB L ORI 00,006 400 11 2
different position a % nd setting Rt "on' 't he i nner
string l1l6vason tidratuntines sb@wn BQFIG; @bSlﬁevet hit 'pdr)cl@bm% ioppposed eadret urn path
138 throu%muthe ports 106 to the upper annulus 56. This is shown in FIG
12c-d. THe @Stablished circul ation path is down the inner string 16 through
passage 82 HmddputR@bmmg 2@ andFidien1 poj; t he 2Quecet peitodt &r slaowiul us 22

fol | oned oi n he s reens back up the

| oner e R 1L R ISR B S Dt 0SB RS AT B e e
annulbus SO FIG. tllshﬂ@?ﬂl&ﬂl&ﬁlbﬁemeﬁ et lf%rez}ldil% ﬁlqarqazmm&himmng)fl FI G &1
can be return rom.t he 2 circul ati position by sinply picking
up the ir‘?ﬁé"ratgf%i‘ dvsf%e HES e P 55T tﬂlameabﬁﬁw Rest FF‘@“j“ Y96 with the

mul ti - actabist Ghd BHdCAL BaQNY8Y aWWE (HOpRUEPEY e theOldrk tshgPRCHKEEs wppper sub 72 at
collets 50. This is significant for several reasons. First the same |anding
posi t i on IYKT PIHAS BaewBlY shown i K53 1da guchdhat dhe mpiicaghing figwiatinl squeezi ng
as 0pposgdivt 26RASHowIEAITINST fchRly KL IcERA 5@ Gndte Stk dpperdlisCr et e

| ocations for those two positions causing sone doubt in dgmg wells if the
proper | déathetsronaslysang ruarndy tamdbyf the Myktiaactipg ciswilatien valgnge 84 ng bet ween
ci rcul at ottom hol e
br essur e A aal e Ao R aE e AL BhufbERE L RS AVIOD U

pi cki ng ule whl $hes betmveporst Hongy th. a temrpppidriddds clyssl. tHhis isnddes thai nty of
attaining I l,qea i f tinmes
caused |n3@g &8 qu%€£§§'§¥%?ﬁ%&g5§e&gi@8t§gﬁ@é%¥ :ﬁgﬁ%%ﬁsgg position
because tnhﬁatlsrtaddrefcrrealhfamlsmmallmﬁm@riailtemptem masgioniog el skal Rebeldbvow enough

t hat surface nne coul d..eas it adver.t ent | t then
happened V\Aﬁ I%&past de ueezeé)osulol% ﬁl’l({ M)I‘ a sum H%l’h{)% %606 I‘Clllatlonpp%%tIO{l I‘(])g | nner

string swabbed the well. Apart fron1th|s advant age, even when in the
circulation configuration of FIG 12 fidr the nulti-acting circul ation val ve
26, the squeeze position of nulti-acting circulation valve 26 can be

qui ckly resuned to reposition seal 52 with respect to ports 106 to prevent
fluid | osses, when in the reverse position, to the formation with no risk
of operating the |ow bottom hole pressure ball valve 44. [0049]It is worth
noting that when the string 12 is picked up the nmulti-acting



circulation valve 26 continues to rest on the packer sub 72 until shoul ders
95 and 97 cone into contact. It is during that initial novenent that brings
shoul der swoR0amm34®3 t oget her that seal 52 noves past poPCI/UBR@E/0IEIBE | S a
very short distance preferably under a few i nches. When this happens the
upper annulus 56 is in fluid conmunication with the | ower annulus 22 before
the inner string 16 picks up housing 134 of the multi-acting circulation
val ve 26 sai1 G2t BbiPpiRt106tonSHRRAI! Sickup Ghd dbNGwhNerdB belHe Neheassenbl y 38,
the reciprocating set down device 42 and the | ow bottom hol e pressure bal
val ve ass&mBIlY- B popitiog ip G ldf caphe rugkly optaingé iishere yeuiddosaiio 100 wi t hout
housi g 4341 AN8lichNG 15AYhPEFIE alrhuS HBRGR e HellosBd. id chhofuchest ot T on
feature to expose the upper annulus 56 to the |ower annulus 22 before the
bul k of twidontlmeinggp opergteltBe v beitanhbele PvssHrel bpls vaiBe 4hwhdh mergage. | n
essence ' I [ I ips to nove,

t he uppe?ﬁg%ﬁﬁgﬁg%ggﬁ$géé?géggggg%ggﬁﬁfgéﬁfﬁgﬂaﬁgﬁ&?ﬁ%ﬂ%g&eﬁgggnulus 22 to
prevent swabipemg areTihalej wigl Bow asmenbicyti@so dhgupise awphrddt wlesflleeves 98 and
100 are b f I n rated to_sw i.ch between th ze and
ci roul at SpRCIE BinEh PSP R A S A b PE LSRR D A BEAE e
mul ti - actin thg chisedcpalsaibh dry se@ihy doRG with cheijiskt BOinse thg reb8de pogitidnhat way it is

I k whi th t posi ti th nbly is in whil
ot "The sana A" oHGMALE As® b ol ok W5 R RS s B BB Hetbnul us 56 ¢
bef or e meiingoidv@e ke slgoe I 1Pmaihitiieblockedthedi ol dAligwlbe pattleri@8vo Ng t he

further advantage of qui osj ng off u apnulus 56 if there is a
sudden fﬁﬁ?ﬁ"i@gg5$8WPHbﬁﬁ%%éﬁiﬁd%h§ﬁ¥n2?%3§3dgﬁﬁ%§tpg”gﬁgppnﬂgckup and set
down if tibgs 10 & haGicldtig ClevicdIBRLiOR boal ¥E 2R M@ Eecipfochii® &i U6what e position
at the time of the onset of the fluid loss. This is to be contrasted with

prior desPyfsaseeally fAsEBINChENelhedotbodon Releermsiyrebilhridye 4hiri ng assenbl y
t 0 assuMpelolepctlUBaae wilk istal Whedd SnaNchiltRY VefifeeR AN $Judss ah@LGidlge NOVenent of
several feet before a port is brought into position to conmmunicate the
upper anma$itiegnstod FiGe 329dédr annul us and in the meantine the well can be

swabbed dur i%ﬁ%}t hafyd, 909 IMMETE RGOl Willeehe Rabd &fttﬂaﬂ&rbeﬁ%rtheﬁghé’y“ h respect
ore. [0050]In FIG 13 the inner string 16 has been picked up

to the packer
to get thbt§pavelslexest 9pard 10030 odiffersht peseiopadice pickipper andlsefingas shown in

FIG 13e. Limot [ ' . met ering
dogs 170 “ShDlsPUEthe ol el 1 i 0 sk bl BEEDECIOBIPONBEE TE S
support fretom a8 thiv6gtathd pdit810640 thdippet ammelus 6. Tlecisphoeatn HE. set down
device 42,s in.Fl NECTRRINS t of re 40 s0 t en weight is set
down on dRG0 Fimer e gt p Bl b R B R R 16 Ro-YEREFRY 0 Loa®as
shown i n akd Gut pbak 30 hilethtn porel 20sth ol ARt andd s 22afiotlowetl Ishgtihgdidroug®6 whi ch wi | |
put hunp 228 behind shoul der,h 21 nd trap shoul 218 to oul der 219 on
Phe out earrieny 3% SlgHortcaabfn ks e cifieet BRRM e. ¢ he

reci procalirbiigh p&ts MeVhddaw e uvfpernmsulas 56 .Skt Ghods aBOHeynoZ2Othsh@en in FI G

13h that will allow it to collapse st shoul de 19 sinply by picking up
of f of sHEUCHROSHPY Oéﬁgﬁ-slétcﬂl R “‘r“i“ﬁ?ff top SR tg%ﬁ}r‘rg-ééeﬁrﬁ‘?law %&%‘é‘{%{hti ng the

met er i Ng LYRMAFAY peRin@ D HiifR)r aGinD 6 @ADL ghyvaUghia dindijdiof 90FIK eservoi r 190
showmn in FIG 1 the | ow bottom hol e pressure ball vaﬂve 44 is pulled

t hrough By BUlicrctipggirquiatinyplyohiuerotsd| iy e racker spperpyl V2 Aligolletf ve 44 once
through Ixgr ndQs LkishitRanitSr kevilPlead Rt PRABOILERS 18MInof pRf®n 2ZnaNd 248 in
FIGS. 10a-b are still offset. Going back down all the way through bore 40
wi || r esurekel APRgh St E: is geeddie eigwilation and eryeesing 45e0ppossil ¢ PBBdesigingh the fl ats
242 and 248, ShLird lap(ﬁh%::g aQidhy AiscrBle 1QATER ARG (HE ifs@tlléﬁg AfineSomk! 11 open.
However, picking up the inner string 16 to get vg ve 44 th%oug bore 40 a
third timeubtiihldeed ghts tfHle ploatrsloomipn dag baglandsd gindiyea 1deatingatollet. 44. Val ve 44
can be r . | . b to offset the
flats 24§8§§gﬁg£%h%%n?Héﬁ&g%ﬁ?ﬁag%%%ﬂ%gh&%gagfﬁéﬁgﬁgéﬁggﬁggeg%%n again.

[ 0051] Théowerhyhotti pressuenicdl frdtawde no MaGSherd 3 andisi 4f isyabhind-InJundr8i conpar ed
to FIG 14cikin Theoﬂihfefirelrlie?rg&en il% TIrrﬂa%iori Q B 9thel4rilcelvtvelin h(;[ a@t%s' bet Q set down
after Ii?flnélﬁig enough t'6 get Hogs f%ﬁ‘up o sto Iéer T8 dhd setting
down again w thout netering though, which neans without |lifting valve 44

t hrough bore 40 all the way. FIG 14f 14éhows the dogs 170 after setting down
and away fromtheir stop shoulder 186. FIG 14i shows the hunp 228 backing
t he shoul der 218 of the reciprocating set down device 42 onto shoul der 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 nmay be nade in the

N oy o o o b N o I T



W claim 1. Awell treatnment nethod for squeezing and gravel packing,
conpri si ng; running in an outer assenbly that conprises a packer, an
out er strwogosuppest ed by sai d packer and | eadi ng to at PCEASRO10/0@6SSEr een
and further conprising at |east one outer exit port between said packer and
sai d screen; supporting said outer assenbly with an inner string
assenbly for run in where the inner string assenbly is in turn supported on

a runni N@osédi 1deatice thaie fdr MREEvid didptht RS Rk GRIVRfiE S 8Sele 6f @SSOVeEr tool
to selectively allow gravel to pass through the inner string and out toward

sai d out eraskeRIPE VBBP {0 B chspdPeHitBrbegise igIsheaginerhanisuheding #rfipsg t hr ough
sai d screpn aRthafRl & COSAYEhH hg@!su}fgcearbefgeﬁ%ﬁt&mwleeggd%ﬂéape@ above said

packer and around said running string, = setting said packer to isolate
a zone i mnagvegesinfly o katftien hepperied with @pst fdesagns gafhdt whsapenapiskingaip®hd defi ne a

| over angll Yser suin .scgﬁl%ﬂeaitﬂg vRelS éﬁﬁzﬁ%nﬁ’%& GO0 eveR GheATinl il d 1 ntO the
wel | bore t roug% sai ower annulus, a circulate~position ere gravel is
deposi t edirculaigmi ebnfigyretionanhtiltusl2afvd the nuwtthsctiog mirctlptiougtives 36.dthecr een and

past sai %%&%%ek?siéo% 5! %n}!%%g A0y 4 409 -8 Jag‘%%r Sa9sl tuin%{f ghere gravel
in said inner ?rlng above sard’ CFossover. ¢an be reéversed out to the
surf ace, rippsitieh atal 2ewitbwspeento pofts 06 togastntdlypdlotieawheh isdi eversaer string

i t h t to said packer: i di | ) j acent
Fower endoato B HRBRSEER ag ik cERBHY e IR By dRUR SRRV &bpen for run

in and regquwtdégs nore than a force applied to said valve assenbly in a
single diregction to.close said valve assemhly. 2. The nethod of claim1l,
conprising:f &'ngﬁ§ﬁWﬂﬂb§FW§%%§§@ﬁ%ﬂVSFWg9%6585%@§EHhﬁFWET?%%S before it

can cl oseirculation 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 positions without lifting the inner string 16 below
the multi-acting circulation valve 26 and its housing 134. In that way it is always
easy to know which of those two positions the assembly is in while at the same time
having an assurance of opening up the upper annulus 56 before moving the lower
portion of the inner string 16 and having the further advantage of quickly closing off
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

15



3. The method of claim2, conprising: novi ng said val ve assenbly in
three discrete novenents with one of said novenents in an opposite
di recti orwOhan/@sot her two novenents before it w | clPaTaIS2610/03¢584 et hod

of claim1, conprising: pulling said val ve assenbly through a spaced
apart end of a restricted bore in said outer assenbly before it can cl ose.
5. The nmethod of claim11, conprising: encountering resistance to an

initial pRYEIRhs Har SalithoMaave (ASSRMBL ¥n@s isRE frid h%&n@zs@a@hmereac hes a
restricted bore in said outer assenbly. WD 2011/034695PCT/ US2010/ 046584 6.

The net hél GHCEP-£1TRYIBIC aadFRYPISS Porgions forcing e Bt ApsaiRbiceldsidt ance with a
force at gyfid BI%{&%IF [ROSHEGM REDnlnfRlacARP LRt ahdHiRUI theSBIE: LHARRLNG String to

sai d val ve asse y.
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, 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 can be reopened with a set down back through bore 40 enough to offset the
flats 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 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
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7. The nethod of claim6, conprising: overcom ng said resistance with
a force at a second predeterm ned | evel higher than said first

pr edet er voedileye@s if said val ve assenbly fails to advaotastémwoughs sai d
restricted bore when said first predeterm ned | evel of force is applied. 8.
The met hod of claim4, conprising: pushi ng said val ve assenbly through
said restricted bore after said pulling said val ve assenbly through the
same bor grbgf0s %e%ﬁbl@r VippeY Quin$3 eBliMnef &in n%h@sseseaﬁd il he paetehagheef claim 8,
conpri sing: pulling said val ve assenbly at least in part into said
restrlctéHbE%Wéeﬂﬂﬁer sai d pushing said val ve assenbly through said
restricted Rpss DERRE Bk HRlY fadBRATBlYGAN fh O Cortyh doibE get hod Of
claimb5, conprising: creating said resistance hydraulTcally while
still al Ipawichlgrityovie fre nraniddst ket dnymyl vleangess eyl e wiadd ip dbpdetils ofsai d out er
assenbl y; ninitial
noti on ofogngﬂézkggwigggﬂ%ﬁﬁhﬁﬂ%Pﬁgéﬁ§8ﬂ&ﬁg%£g%%Pggggﬁgaékern?ned force
cont i nuescdpe dethmpbdlesdre. 1dis illerstret bd thé imlealion kOnotdonipdi ©i thy:

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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provi ding said hydraulic resistance with novenent of said val ve assenbly
displacing fluid froma reservoir through a first restricted path;

usi ng t hewoizona/idedoay of said displacing fluid to deci depratr/ush@oduwssBace i f
the force applied to said valve assenbly is to be continued for subsequent
closing of said valve assenbly. 12. The nethod of claim 11, conprising:
providing a second path fromsaid reservoir with a pressure responsive

val ve i nwaidinsecond path that opens upon application of an elevated force
to said val ve assenbly than previously required to displace fluid through
sai d firdt redtyilkieatngpsmgthod for squazipg prora st pPackBRr§OMPTEBADr i si ng:

using a ball hﬁn&gpi%s%ﬁ%te?fas%}ﬁtﬁy tﬂe{leéon%rfswg ﬁa%ﬁ@f”’%yo&ér drikgl ve menver;
bi asing said ball "toward the open” posit ng relative movernent

of a firstrremed beswhdackengndrieading tofat k;aat@n%qrw aaé§lerﬁ1§r gorpisingtaat e sai d bal |
agai nst %@aétdonle'oﬁér e&ﬂportmﬁvéégkigﬁ’ﬁ?c%r fad 1H‘s3r§en conpri sing: | i nking

sai d second conponent  to sa ocatlon on said ball offset from
an axi s of ro&&mpmmg@&dgawdmb@mﬁySmhwhwmwamnaga%mn@némuumhlwaﬂd second

Corrporler]tther i%%le%tsFrisngsag‘sieganalls I1n tuth 8%81%66 ondell fu%ﬁlng gt%‘?lg 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 valve assembly adjacent a lower end of said inner string assembly
said valve assembly is open for run in and requires more than a force applied to said
valve assembly in a single direction to close said valve assembly.
2. The method of claim 1, comprising:

moving said valve assembly in two opposed directions before it can close.
3. The method of claim 2, comprising:

moving said valve assembly in three discrete movements with one of said
movements in an opposite direction than the other two movements before it will close.
4. The method of claim 1, comprising:

pulling said valve assembly through a spaced apart end of a restricted bore in
said outer assembly before it can close.
5. The method of claim 1, comprising:

encountering resistance to an initial movement of said valve assembly as said

valve assembly reaches a restricted bore in said outer assembly.
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using said first conmponent to create axial novenment of said second

conponent. 15. The nethod of claim 14, conpri sing: rotating said first
conponentwODaoimduedé axi al novenent of said second conpomemtus2d6/04658€ net hod
of claim 15, conpri sing: using a collet that engages a restricted bore

in said outer assenbly in conjunction with a j-slot assenbly that connects
said collet to said first conponent to convert axial displacenent of said

col l et t@, rotahd RRAbd HRISNENtoRprishdt d first conponent. 17. The method of
claim 16, conprising: providing facing tapers defining peaks on said

first and secBOHACHERRPERGFHEBaAfeVEh dapige plehlist predetemingd; lgysbdpaliién sai d bal |

'S 0pen; (hrough MR DEhiRA S £OIshial aRBYsskmBlOt to rotate said first conponent
until said tapers engage and push said Second conmponent axially to align

sai d peaKs t o lbemrhed phadaigl Gsedpporiti on of said ball. 18. The nethod of
claim17, compyd &b s PLabiR Wit frofdeS L s&OMPRRG it 1dEALARS to cl ose

said ball.
than said first predetermined level if said valve assembly fails to advance through said

restricted bore when said first predetermined level of force is applied.
8. The method of claim 4, comprising:

pushing said valve assembly through said restricted bore after said pulling said
valve assembly through the same bore before said valve assembly can close.
9. The method of claim 8, comprising:

pulling said valve assembly at least in part into said restricted bore after said
pushing said valve assembly through said restricted bore before said valve assembly
can close.
10. The method of claim 5, comprising:

creating said resistance hydraulically while still allowing movement of said
valve assembly with respect to said outer assembly;

using said resistance as a surface signal that an initial motion of said valve
assembly will be completed if a predetermined force continues to be applied.
11. The method of claim 10, comprising:

providing said hydraulic resistance with movement of said valve assembly
displacing fluid from a reservoir through a first restricted path;

using the time delay of said displacing fluid to decide at the surface if the
force applied to said valve assembly is to be continued for subsequent closing of said
valve assembly.
12. The method of claim 11, comprising:

providing a second path from said reservoir with a pressure responsive valve
in said second path that opens upon application of an elevated force to said valve
assembly than previously required to displace fluid through said first restricted path.
13. The method of claim 1, comprising:

using a ball in a passage of said inner string assembly as a valve member;

biasing said ball toward the open position;

19



19. The method of claim 18, conpri sing: noving said collet conpletely
through a restrictive bore in said outer assenbly at | east twice in opposed
for 180 dwored/medati on of said first component; f ecaiusgoivaiesscol | et
at least into said restricted restrictive bore in said outer assenbly after
said 180 degree rotation as a third novenent to further rotate said first
conponent to open said ball against said bias. WO

2011/ 034695PC{ih5204/c06wBknL O aTHE: IRd RASn@TcombaieMts 1S s&PRRRESI Ng:

conpleting said third novenent by noving said collet through and out of
sai d restapeppinie resge s2ig Ralsggamsogiddtiasassenbl y and then reversing novenent

back intqusai §ng £8{hbd 6f ¥k BOEGRing! | ow said bias to open said ball. 21.
The method of claim5, conprising: creating said resistance in part

with at | east liokies gog sedvad campeest wi il ballgmovlesalion eapadd bul effseassenbl y;
supporti ’h%mgﬁ £id9g ﬂa@orrs(ﬂd sHiaPaR QY hallid &) TRKLR Dy SAY %cbﬂH‘c%@ Shid g assenbl y
to displace ur d t%roug arestriction to create a tine éﬁay until said
dog becomesgtesisrsdipghlon oprbswhdrreatipon sai d resi st ance ends.

using said first component to create axial movement of said second
component.
15. The method of claim 14, comprising:

rotating said first component to induce axial movement of said second
component.
16. The method of claim 15, comprising:

using a collet that engages a restricted bore in said outer assembly in
conjunction with a j-slot assembly that connects said collet to said first component to
convert axial displacement of said collet to rotational movement of said first
component.
17. The method of claim 16, comprising:

providing facing tapers defining peaks on said first and second components
where said peaks are misaligned when said ball is open;

using said collet and j-slot to rotate said first component until said tapers
engage and push said second component axially to align said peaks to define the
closed position of said ball.
18. The method of claim 17, comprising:

rotating said first component 270 degrees to close said ball.
19. The method of claim 18, comprising:

moving said collet completely through a restrictive bore in said outer assembly
at least twice in opposed for 180 degree rotation of said first component;

forcing said collet at least into said restricted restrictive bore in said outer
assembly after said 180 degree rotation as a third movement to further rotate said first

component to open said ball against said bias.
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22. The nethod of claimb5, conprising: noving a smart collet through a
restrictive bore by the tinme said resistance begins; setting down
wei ght r avbeniitdsaé¥sappl yi ng force agai nst sai d resi st aneeTius2ablosssssai d
smart collet to support said inner string assenbly off of said restrictive
bore to obtain said reverse position. 23. The nmethod of claim 22,

conpri si ng: pi cking up and setting down said smart collet fromsaid

reverse p@sitirROmt@odbt AWSA, SbrsffRIn: col l et to reenter said restrictive
bore to obtain said squeeze or circul ate position.
completing said third movement by moving said collet through and out of said

restrictive bore in said outer assembly and then reversing movement back into said
restrictive bore to allow said bias to open said ball.
21. The method of claim 5, comprising:

creating said resistance in part with at least one dog that aligns with a groove
in said outer assembly;

supporting said dog in said groove while moving said inner string assembly to
displace fluid through a restriction to create a time delay until said dog becomes
unsupported whereupon said resistance ends.
22. The method of claim 5, comprising:

moving a smart collet through a restrictive bore by the time said resistance
begins;

setting down weight rather than applying force against said resistance to allow
said smart collet to support said inner string assembly off of said restrictive bore to
obtain said reverse position.
23. The method of claim 22, comprising:

picking up and setting down said smart collet from said reverse position to
allow said smart collet to reenter said restrictive bore to obtain said squeeze or

circulate position.
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