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

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

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

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



[ 0009] A fracturing and gravel packing tool has features that prevent well
swabbi ng when the tool is picked up with respect to a set isolation
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[0012] FIG 3 itk W&k pieaW ke fhkGravdl i1y BAL poiesA800SE k@R in[RP13] FIG 4 is
the viewof FIG 3 in the circul ate position;
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. 1;



[0014]FIG 5 is the viewof FIG 4 in the netering position which is also

the reverse out position;

[0015] FIG 6 shows how to armthe wash pipe val ve

so that aweubs@aysat predeterm ned novenent of the i nnePCItUS2oNY/0e&ns cl ose
the wash pipeMalM€wo [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 hole for a production string and the screens bel ow that are not

shown; [0017] FI Ciﬁm:ﬁa JH@bowtsh@dpuanalradm&ial baNseaf intthe nAgsARLY al so shown

in FIG 1;
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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

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

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

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

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

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



[0018] FIGS. 9a-b the optional additional ball seat in the nulti-acting
circulation valve before and after dropping the ball to shift a ball seat
to al | owwoi2diizi2esfsaf t er gravel packing on the way out ®CTiUseoloOlEsTS
[0019] FI GS. 1Qa;68k& 1sometric views of the | ow bottom hole pressure bal
val ve assenbly that is |ocated near the |ower end of the inner string;
[0020] FIGS. Ila-j show the tool in the squeeze position of FIG 3;

[0021] FI GS. 13pAdde ssjsowclﬂ?@caﬁfgg)éet ladwh RIBvied g Uh@licy Ba&Int hole prhese gravel can
be deposited, for exa 022] FI GS. 13a-j show the netering position

whi ch can ar npdl h\éal‘feow‘%r&lx we@ubﬁmw‘bf%&m iny Yjalve apssmbhedd ie| ose; and
[0023] FI GS.  1ffgdd SRAVGAAR iRPRILALUS 4b ReckVEs § BYEAS &s RRRHA inGiGW th the

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

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

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



| ow bottom hol e pressure ball val ve open. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI VENT [0024] Referring to FIG 1, a wellbore 10 that can
be cased wo20peéns8is8l e has in it a work string 12 that deCrusSesoanscut er
assenbly 14 apd, apsshner assenbly 16. At the top of the outer assenbly 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
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circul ation valve seal 1nto the packer the squeeze and
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and after setting, Grave exi &f ¢ hel d cl osed
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PO o bR S 0L U900 SFABLEAN. A8, SEhyIRIB Y] o, 42 and
bore 40. AltemeabisHdlipe, Vahe 4anidving tass eroddy cdaRe4redEh88 bYWhoving 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 FIGS. 1- 7. The work string 12 is shown in FIG. 8a as is the top
of the packer setting tool 70 that is a known design. It creates relative
movement by retaining the upper sub 72 and pushing down the packer setting
sleeve 74 with its own sleeve 76. The upper sub 72 is held by the setting tool
70 using sleeve 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 82 and into ports 84, sleeve 80 is pushed up to
undermine the fingers at the lower end of sleeve 78 so that the upper sub 72 is
released by the setting tool 70. The initial buildup of pressure in passage 82
communicates through ports 86 in FIG. 8a to move the setting sleeve 76 of the
setting tool 70 down against the packer setting sleeve 74 to set the packer 18
by pushing out the seal and slip assembly 88. It is worth noting that in the
preferred embodiment the packer setting tool sets the packer at 4000 PSI
through port 86. The pressure is then released and a pull is delivered to the
packer with the work string to make sure the slips have set properly. At that
point pressure is applied again. Sleeve 80 will move when 5000 PSI is

applied.



of dogs 38, reciprocating set down device 42 and | ow bottom hol e pressure
ball val ve assenbly 44 can be out of bore 40 for run in. Valve assenbly 44
i s | ockedwopen/iesssrun in. A ball seat 46 receives a balPCTAB01@®46MHDWN i n
FIG 2 for selkipng.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
punped to seat 46 with ports 30 in the closed position, as previously
descri bed. The gmﬂaz jed cmnﬁﬁlﬁﬁ%ao&vﬁ BN HAERSE MO PRALS 1§NtoAFIKNGUN packer
setting tool t he packer is nowset inthe FIG 2 position. Arrows 48
repr esent theﬂx@fee%araéelb%@rﬁgm&}ﬁﬁl%ﬁsq%ﬂ%ménfh%mw]b&ew&a§@‘te§|0ﬁg t ool (not
shown) €9 92t nbleyPRGKeR A LORRALLD L Gr hodliendh e 42al s 1ol sod
and the collets 50 Iand on the packer ) down on the
string 12 sealevBRleadicecdan apd thee cmmlbmslaat:t:utng b@lqﬂ@m@@.tﬂi @rﬂO\wahQ/le 26 isol ates
t he upper ann S, 12
r epr esent ed bgngipgagﬁﬁqu&h§¥gﬂgg%%s g%mrEEPW%QQﬁ@g%?§ g@hh@@zet to the
annul us 22 scmh¢wmmgﬁ@vah@Bhﬂmymnbpmewemﬂ@ddbymahhmmb%Eaxmbmw$|II t he
annul us 22 ar t he reen ng |t rcul ation
valve 26 hae. o T SRS LRENShR 1B e Sl 53R hat "5l Tovs
the string 12ﬂhnyhﬁodebedwumummGZS@mnMUmgatEKQ@Hasé&HQQZh@mmhga port so as
to open a retyrn flow that is shown in FIG 4. It should be noted that
pi cki ng up thg£§FWPW§tggméngﬁémﬁé%é@EﬂPSmthe annul us 22 every time to

avoi d swabbi ng ube&ﬂornaﬁmﬁﬂgbywﬁQEMEnsbﬂgheﬁmﬁﬂumﬂgymhmnbheawpper annul us
56. On the other hand etti down ing 12 whi]le the collets 50 rest
on the packerggg’1 9 bg %ngggpx?ﬂ%oﬁg? h ﬁgpﬁc¥ﬁﬂ¥ﬁﬁvéﬁﬁ@$“§ﬁnulus 56 by
virtue of seabard goista thapkktougpbesdsl B fod ripomi §prafe. lodddidoilgs dgconpl i shed
with a j-slot nechanismthat will be described below |In the circulation

mode of FI G #HPRDEYR he sweeRmodgan thES cr aers!d #8ins'ShowmeTi s shown by
arrows 60. ThegRAsH 84 N8 sprtheMd2CBppd ALdred 9B 2RhG ERAUSHE IBhdr¥En@bt ai ned with
a pickup and set down force using the b sl ot assenmbly mentioned before.
[0029] I n FI G 99 t¢ Bewet Rasitign 1121%%5%7@% 6. ailded-siph tapsemphederepething dogs 38
have | anded aggipst (R a§§é%>ﬁ&f o{%cteé\si%wés 99f n&llw SdeifToRed.orce for a

predetermned tine wll displace fluid through an orifice and ultimately
al |l ow t he dog30BBrmmagslat ageecriontd d08rin pEst 8dyduppBied y minshwd MrisFI G 6.

Al so, picking t t ' GAt set down
devi ce 42 con® &%ﬁgﬂg&bﬂéﬁ@%%ﬁg% §§Vé#g&¥%%%%hggﬁyﬁgggﬁ%%c ﬁhﬁgﬁd on
shoul der 66 f601$Eﬂéc%wﬂbp&smpdwhnmﬁhumln@dugmmhamﬂézuphﬁ@hﬂxwg set down

device 42 of f Stsoﬂigdﬁ!:lo o?tn(iiOé Jgea?l e%t%:%r;[a e[%l k§ at 1WQ %Ilr?pg\snltlloln 19' low the
reci procati ngP$ 42 o' re-en

below the lower end 110 of the packer upper sub 72 and seen in FIG. 8c. Note

also that sleeve 100 moves within sleeve 112 that has ports 30 covered for run
in by sleeve 114 and locked by dog 116 in FIG. 8e. Ports 30 need to be
covered so that after a ball is dropped onto seat 118 the passage 82 can be
pressured up to set the packer 18.

[0034] A flapper valve 120 is held open by sleeve 122 that is pinned at
124. When the ball ( first shown in corresponding FIG. 9) is landed on seat
118 and pressure in passage 82 is built up, the flapper is allowed to spring
closed against seat 126 so that downhole pressure surges that might blow the
ball (not shown in this view) off of seat 118 will be stopped.

[0035]  Going back to FIGS. 8a-b, when pressure builds on passage 82
it will go through ports 128 and lift sleeve 130. The lower end of sleeve 130

serves as a rotational lock to the packer body or upper sub 72 during run in so
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[ 0030] Once the valve assenbly 44 is pulled past bore 40 as showmn in FIG 6
and returned back into bore 40 it is arnmed. Re-entering bore 40 then cl ose
t he val vewassemiBiss44. The val ve assenbly can re-enter pOTaS4@o0a65gd to t he
FIG 7 positigR,fRtwsom ng 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
| oss down t hewpghnPkReens el M@clé&lurﬁ?%lm_% bReRak hO$aG S A B8 HegPPENED DY
noving it through bore 40 and then andlgg it on shoulder 66. [0031]FI GS.
8a- 8] repr eseMtk e PrapeN PIAGMEREOF tin Packepbsis rPEied TheroriPer Iebmbonent s wi | |
be described {3,309t A6 1oddePMARP ah iPRIHRE LP HSULRE 15X How t hey
operate. Thereafter, additional details and optional féatures will be
descri bed fol bevwked 8yftehibe babisdmpped. Pty Bdiiphen hathed dowrlt sghthe he

di scussi on prQqyi ¥ i L2 | in FIG 8a
as is the topB%é#(gIteﬁsemﬁla@ﬁlgF@éltlss |6 r?én £ -gg? t%{egﬁzk%@%géé%g@w@g%\é\?gn. I t
creat es rel at bark ambylgmentmbly §8edwingi thg setheg pppess. slibs FRagnd ‘pokhi ng down

t he packer settin I e 74 W th i s| eeve 76 he pypper,sub 72 is
el d by the SEregOBEHE il dhd it S s s ER o I PREMBRELSIY oS o
its | ower end78uppov tréehstd fromhide patiter ngpdoysuls 7@ evé tBOstridd 2 rcambhi gh enough
pressure to set Ih@ acker 18 has been applied in passage 82 and into ports
84, sleeve 80"PEPPi%Hed up to undermine the fingers at the |ower end of

sl eeve 78 so thaoldle uppshg Bath (d 21G:S 8bel, eadekt fkérhi8 sselifel tog 9000l 70. The
initial buildup_ of pressure in passage 82 conmunicates through ports 86 in
FIG 8ato ngtIFHBEIE@P?‘i‘%&I aé‘@(}é’af;g 291 capHRs Riseqd PRPY:BOINEZY §Bwn agai nst

the packer setibiveg 98 SRVE0/# rhide SRhdkN® pAGK SoulBrsdYs asIy Hgagyt the seal
and slip assenblﬁ 88. It is wrth noting that in the preferred enbodi nent
the packer setfichglewothedures innsestpag ke raisedibignpdy harolegR0pelit 86. The
pressure is thgmoltl KAREHcAOH wheR W eddDOGELLMES BTG R REMARGIRT W th the
work string to make sure the slips have set properly. At that point
pressure is aPprnégvenghing thal wegeosd Winfingsirevivhih ssamoeds(t ths appl i ed.
GPS4- 49188- VO, QO3] CPRIH 7% (oMl 8P cbdiec O tRiWde 98anli NBgREGIET 18 to FIG
8e there are gravel 'slurry outlets 20 also shown in FIG 1 which are a
series of hol esnipplaggivaland daven arkan cervnchen with j-slan®6 ginzemeito pstagr essi vel y

| ar ger inadgwpgg. ' [ oriented in
a downhol e directi (leﬁl.eq%gg% agtgreﬁ)}glé@m% a(r%gt\r}jé)glgl fé*éﬁ%@ﬁ%t&?%l?gnt he | ower
annul us _22 s hommofithe flo@osilions@f ehegjkdldt|96 dhei saaltﬂﬁ_ewiﬂrbt bylowl itk pzmr@ﬂelﬂétand t hat
these axial r ggAﬁlO\%BihPﬂC]e%C. 8 |4, e sliots f.?llietj\gsnl(?%g esgefll S\Q%iﬁl r(])ge

. . e, qther ppsition o
configuration 'so as to direct the g?urry in ower “annulus 22.
Cont i nui ng at uflaBoveBtheapartsh@0®@Wnt Btegtrdenlg 524s donhe ne@s flowt pah scr eens t hat

are not shown. [0033] Referri to FIGS.. 8b-d the | ti-acting

Cl roubat on PRl gy oo T BN 8 s et e Mo Aeb e i ng
circul ation vadave2 Atabose pirtsIDoand theashicez0 Poditiad PReK e re@efatsud 72 for run
in. Spring |loaded collets_50 ho(¥:/n ,exténgied in the ,s%ge,eze gsition of FIG
3, are held ag’smg?f anpug o isclorgh ay 18111945 god 1 By pyngg pggitio ‘mandrel 94
ext ends down §gom upper end 90 to a two position j-slot assenbly 96. The

j-slot assenbly 96 ogperably connects the assenbly of connected sleeves 98
and 100 to nmandri@P39s. Tsphogleberied Bangvisat @ae fic dsqiber! dreye48% in FIG 8d.

Supported by pangjeel pR4ed Sp BRIELAGSLBEYE abOt fhRt106asd BRIMbMakER t hrough
which flow represented by arrows 60 in FIG 4 will pass in the circul ation
nmode when seablvilsbe pren|tp fhea@peisavradupfr tIdisipegniBeindin Hatit Bre1ges the an ext er nal
seal 28 that i kil shibeRRSlthORnkSuRR! % bRfed VB n&Bd i of the
packer upper s(ﬁgl %2 a(?lhgsseen |r?tFI 1Gn SE:IQ%Not SeE)aFeso t att slreevesloo noves

Wi thin sl eeveabt® thhamehsignp b wheB0 isciaived d afyofunetipn, tha rigsingpledve 114 and

| ocked by dog. L P 0 . e.cav that after a
ball is dr oppg%'élgsr%{l% is:()lea11 r%%écetp ﬁeég%%glstggg&%&%a% Cglgsgﬁr%@gﬁi‘ggtcgp to set the
packer 18. [ 003%jrdndnkappibe formlaen. D2 Mengorned|bdfoopenviby us lee@esitcl®? t hat i s

pinned at j-slot 96 or lifting the inner string to the reverse position of FIGS. 5 or 7 will
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124. \When the ball ( first shown in corresponding FIG 9) is | anded on seat
118 and pressure in passage 82 is built up, the flapper is allowed to
spring clweediiagsisast seat 126 so t hat downhol e pressur @CTaISg@Es/ogdsas m ght
bl ow the bal |l j(hRlsshown 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 ports 128 and |ift sleeve 130. The | ower end of sleeve 130

serves as a I gb@kiuaRahe VaOeki4tidr WLit BREKAE fRRENoP T BREFonSMP of/i#e dUring run
in so GPS4-49188-WD that if the screens get stuck during run in they can be

rotated to fréwltitpraing ciaptlgionpybedrppaew peec dareiheds bewavpethpigdkeépr 18 i s
obt ai ned, theoﬂit%@lt &d?@@dlculaﬁ’%eféf thk L8l 34 1187 @90\#19'2&% JHeeaed iand it is

forced up to rel ease by pressure 1 n passage 82 ter the ball 1s dropped.
Pi ston 134 istithely ipddhrectdBunpureoss ef tiheligeative embgdiomat is ienllpy st on 136 can

roue 1. P R BHETO 98 ke B9 ek MIGALAR, pRRTLy 08 0o

the setting p reates a so t e collet can
unl at ch from piths ?fd@dsmesist@mesublat fTind psped dwgvntnasﬂagﬂ&z wal gealownegd eased from

the packer up [)lgxxséf?rl%vr\lng% 1n1§er§tn§élk stjfh Op%{l gﬁ‘?(gghj%ﬁt (gl 0&0036] Com ng

back to FIGS. set e mul ti-acting
circul ation v&bmﬁgZﬁmwnhlbehdﬁr®MWupaday apt]ielloxn«g eum obtheshreeveisg 98 and 100

to raise mandﬁgl 94 af Er htoul def'l%js 93&]?? age whi ch all ows the

| ower inner st Beorateas iy Yinat 8 @Gf’vﬁ %Ilets 50 will spring out
at the | ocation |[eb&8]e tropt @ﬂ@lﬁ@ddlmnhpp‘eﬁpedmemtﬂ @ortBhotiM thhe wendr el 94 and
everything that han n it cludin l.e 04, ported off the packer
upper sub 72 faﬁ‘émé’élg‘elr?gl 9“’8‘?‘! g’ﬁﬁﬁ@ﬁ?%ﬁé‘?%ﬁg WS:H‘?EO 6‘61’8%3{5

mani pul at ed UBncﬁlﬂ@aQ@éMﬁeIﬁﬁgsﬂoﬂ/nQ@ﬁhdl@ﬁﬁsi1ﬁlﬁld‘diaﬁ hndsaﬁd @kn S6hi@as igoMe to rest
at two possible |ocations after i and a set down force of a finite
length. |In ondedrn {hpostigg uﬁ%l?ﬁe‘éﬁgf %ﬁeaﬁ) ABiyst dqley seorhd0GEal (52 wil | be

bel ow the porgs kORnAS @kxommng)fb& 18P -hat BednhBaRLNES a i@nsof the
j-slot 96 the seal 52 will nove u& above the ports 106. 1n essence seal 52

is in the ret addgdfq Wb%t‘/ﬁefﬂé%ﬁség ekid insidepast @ atghe fop amf gt K12’ ¢ he
circul ate modg 1 clnRaPRERS bAMIED NOBRAhaEhal § ABIN 6 PRTS 92505 wand the

squeeze position where the return path to the upper annulus 56 is closed as
in FIG 3 andabayetheebafliseatilh8 gosved esad of seFthgpader 1§ oaBTUit sholouhd be not ed

that every ti . tS}éeEé‘e% h¥s %tﬁﬁil%é‘l%ﬂf@?%hea&g tlllzggng'g §1r&1'1a(fll6ﬁ C\ifth;Q the seal 52

will rise above ports e for pen to the upper
annul us 56. TRé st shsulgltgmta‘tferalntt the pall H42 is notrﬂr@petthtustﬂta‘f@rft@rgm‘tqlon from

swabbing as the,| KaGh rsvte{sin%%ug'sq%p& afocllocnléeagd [ 1n Ie]; sttrlplgzlﬁlsarlée?d e%l s around the

i nner string R%cv{ﬁenl I'seral's ran unctd on ra|5|ng of the
inner string p&ledidul. Nc&dt]mereprrE@sdirlém R stlhehefr@bmaidmm pedsesCitimgh swabbi ng

operate the | P8 12 gsrgr Pt Feund kel B bt B PP Pngl Pl e posi ¢ on

of FIGS. 5 or Pdrtsnid0lare 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 so that part 140 can shift down to align ports 150 and 156
between seals 152 and 154 while isolating ports 144 from ports 146 with seal
164. Now acid pumped down passage 82 cannot go uphole into return path
138’ because seal 164 blocks it. It is fine for the acid to go downhole into
passage 138’ as by that time after the gravel packing the flow downhole into
path 138” will simply go to the bottom of the inner string 16 as it is pulled out
of the whole, which is the intended purpose anyway which is to acidize as the

inner string is pulled out of the hole.
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GPS4-49188- WO not actuate the valve 44 nor will it swab the formation. The
conponents of the nulti-acting circulation valve have now been descri bed;
however twere11/@s8#8 opti onal construction where the retecm/ysato/0i&75 shown
above ports 108,iRs &G 8c is different. The purpose of this alternative
enbodiment is to allow punping fluid down passage 82 as the inner string 16
is renoved and to bl ock paths of |east resistance so that fluid punped down
passage 82 will [@039foWRdi@rikdRow VEIGSSRE @ﬁe hhe strﬁh%QG ShkduBOwkR past the
open val ve 44 for the purpose of treatln fromwithin the screens with acid
as the | ower BKKTBE deee fopmendist M%@atmnﬁt%éo ths ngsainRsleae 19T on t he way
out of the wehlRgte1esliNRE1 . T nlRrgehbicAlRIds 00l PRISASCL Ve, Tt 19
worth noting that the return path 138 aroun g 120 in FIG 8e
starts bel ow té¢reprpes & ser89 cdldehlabsehnve hlewm@lsgrs%m\m ynd A peerhs i n hi dden
lines and the [ f at seal 52
just belowt hgp%)gﬁésnﬂ%g\zet&ﬂlglépglg(gﬁhs hgrélp gﬁﬁltdr?gqrzg\ﬁ}vﬂ ﬂleglyéllﬂgé&gralg{l)art 112" has
been redesi gnediramdrgars 1746nd $74bided tlteosaspespactb@ \Hsmmsriaﬁtasd 108 that is
inside part 1 t, the t t at, _surr.ound t the bottom
Not e t hat wha?oflmg kS 51\%% 0?% %I &E‘)ﬁg 18% ancsl 1\%%2' f:ora ovlgLE]tlehéo ][7% Esréat 118 t hat
was used to sedidlhectpack o F®oand80 hat 182sV\§1Iamm inner khiGe 186.pidkeén with this
opt i onal de5|ﬂ &»r the |ti-acting circul at q]ialve ]g¥|t shoul d be
stated that th& Ogi4 i SOHBES e Bpu‘?ﬁlflﬁu ALK e Y? UEPE packi ng and
reversing outgﬁhﬁﬁﬁl&?@iﬂ@ﬂ&janﬂneheup@neﬁrakhmngo&@mrsmfaagm700 be pul | ed
out. Note that return is still ther t.n ses through
part 112' at BOrHS aﬁt&&é&’&fel 8" HHdrie Ha M 1°fi§§FP(gn8ftaﬁ‘g th%& gr“ﬁ’ﬁ? of part

140. Ports 15rakeasBplshecinesiogs 10 ®ealsladaoandmdiddng {0166 tdlhdid ar e of f set
fromports 150 and are .isolated by seals 154 and 158. Ball 142 | ands on
seat 160 hel dthsydagsd 796D theoradinlly efk?@de%%ﬁl%atn on ssmps Ade 2pdh 1d8at 160 and
pressure bui | gsfofeGns RS RioPEhSINES 18362 Sfzatduad &%gtmmg F@R r&hinft down to
align ports 150 and 156 between seals 152 andl 4 while isolating ports 144
from ports 148¢{gingsudgkepanovingwp Hear heplogh &) dewdepass Agetodpingannot go
uphol e 1nto 1 eifioRef Madd 168%6UBE rafRls Iﬂeéuﬂeutgl @ KStubie of charhtir f i ne for the

acid to go dommhole into passage 13 that time after the gravel
packing the f uwu@ml éllftdw't}odrpaltgtthﬂ_gg thlwpghl orgficadPy agrbpasengeH84 bot t om of
the inner stringhBeAfel fidish R L @l Bfink B0 MPhRw WilGMdsSo L e It ended
pur pose anyway to acidize as th ner string'1s pulled out of the
hol e. GPS4-49&889Mﬁmﬁﬁ@@gkﬂdkenﬂwﬂgdmdmmh@tﬁmﬁﬁ(kﬁhmgndﬁmﬂwnmer string 16
continues with pmeterin mandr el at contin o the
metering devi ce’ [ower 5%91 r%ﬁfﬂ‘ég@m 1ﬁ“€inwé“e% ttﬂe T ere?. i HEE@&W y 38 is
shown in FIGBvdwez4wMﬂbeaﬂnai&e&oanseﬁﬂ@s6dfﬂdagﬁw&ZQZhhamggﬂye i nterna
grooves 172 a 174 near e 66 has unps 176 and
8 ot ai 1y Mg B BRRR By iR 1 bBval s M S R R e sane
spaci ng. HunpshahiBr 890thnll 48ped lodddaaer vabs 202 wgll opanas pdShae 2082sand 184. For
run in the dog 70 are radhally r tr cted IQ é% gove ]ﬁgg and 182. Wen
the inner strPhgllefpaly gaigile cagn ﬁb&§m§ dghor fng€up wi t hout
interference iabd derikd 16 lrﬂ'(bgessélﬁ%ld@falﬂe&ﬁthb Rppds&l et ofBRS @6 170ab point is
reached, however, the dogﬁ@l?O o into a bigger bore than_the run in

t

position of FP®R ingt erRvest A8Atand I Syie Hndspming sunmes: hon diedozs HE0 3Bis 170 down
relative to theif¥elering s?fﬁhg 1§6adwalcbqt traey Aagsipd 4@k u4 Rendyadi al 1y

ext ended position up on hunps 176 and 78 before Fhe travel stop shoul der
186 i s engage@xmgypdedompen eporeingrasm detie 4ok Wil éakgdowringdt dayn thepukkep novi ng up
after the dooforl 48 RiQHleteCHo b b ¥SukGalhk AWl Balil inl MEE gpandr el 168
and that requires reducing the volunme of ichi1s oil filled by
driving the oﬁtd@%nbugh orifice 192 and passage 194 to chanber 196. Piston

198 is biased by, in d . I 840 t onpensat e
for thernal effénﬁﬂﬁ qmﬁggegﬁtgﬁghﬁgﬁﬂgjﬁﬁlgpih%rtﬁl %H&gs gs a surface
signal that i ﬁndehemta(d)bm@snbe miktst2éi7 iedwonn Fie lonner vaé‘terassrgnblﬁM hat val ve 44

will be arned as the orif4 a hi gher
force can be &pp leteéf\wou%hr\}\% b(tre 4§that U %}é %em}fla%z I{“?ﬂe oil from

chanber 190 and a spring Ioaded safety vaIve 202 will open to passage 204
as an alternate path to chanber 196. When enough oil has been di spl aced,
the inner string 16 noves enough to all ow the opposed ends of the dogs 170
to pop into grooves 182 and 184 to underm ne support for the dogs 170 while
letting the inner string 16 advance up. The wash pi pe valve 44 is now
expanded upon energing frombore 40. It will take lowering it down through
bore 40 bel ow shoul der 210 to armit and raising valve 44 back into bore 40
to cl ose it [0040]PuII|ng t he neterlng sub 166 up after the dogs 170 are.
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conpl etely through narrow bore 40 that starts at 210 and ends at 212 in
FIG GPS4-49188-WDO 8g. The collets 206 will need to go back through bore 40
from 212 wo 282835 t hen the inner string 16 will need POoThS2@00keds up t o
get the collets, 2R{/wdack 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

reci procating set down device 42 has an array of flexible fingers 214 that

have a rai sedsgﬁﬂ:lc@mzé{ﬁs Wit Red@id QLK lRNLhHEredtordbieN2 10 afiere is a two
position j-slot 220. In one position when the shoul der 218 is supported,

the j-slot 22thenlteonger|sgingrlorwidl 1sedeakq pigkedet @eantheslicte2altigkel 222 t hat
is part of thegpieao ?&rrtﬁen&l\%%tté?cl%g’eV%H&‘@ale“'&dﬂ clésla%'eﬂﬁ{e BR4 28gages

shoul der 226, which shoul der 226 is now supported because the shoul der 218
has found suprﬁoimwn'@@kmq)b@nﬂﬁlly with the shoul ders 224 and 226 engagi ng,

hunp 228 CONES i@gﬂt]m 'ﬂ@%?@o%& séthd?)'\!i}ndc?e';/%c%]ﬂlgﬁgagl %glljrg}yva%ﬁ&ilﬂgm pr ocating

set down devi ce o be he osition o Is is shown
in the neteri figgean2l4 thet ey ergedpodioni dAsvibfa BvaSan&ngsidukier Mfaever ,

pi cking up t h"?’hflzrg NEL t\xszcg bl ntgon Sll sl?c%oﬂl R 1?931?101?‘ b%vg tﬁsehs%ﬁltﬂqgr 21%1§ and

actuates the two positi BOSI I's again set down
the hunp 228 Wplpbrteﬂbther]rsdm MOMoWs)loWhEresﬂpmahmigrseQd@m de\meppmdteht so that
the collet as ly. 214, 216 Wi ll .si Iecollasel y if weight is set
own on 1t andZaRavisaan o5 T hait TPlecu P dRBCH IR Halkigth' 30 215 I
FI G 8g. [0042dekiLLr2d, RgichanodlderPRES nd syppaidl Hﬁbﬁe thtGheuller 218 e oper ati on
of the valve 44 wil] bhe revie a-b_show how t he val ve
44 is first r i‘sa%@b‘] %/”(Bp%rf o§ainFidenigl yh%“%\ﬁ@r‘?h?}ﬂgsf F%‘ﬁa@tzzr‘glﬁ’?gfi‘%ﬁngand t hr ough
various ot her hghep38 sdNntonlifhfadt whth GhouddriNg (@ 3w tgesciprbeatbal | 232 into
t he open position of FIG 8j. To close the ball 232 the spring 230 has to
be corrpressedseiﬁéjPWQ dgvipe é?&%ben]?é‘?‘é‘ll]ghli’%ﬁﬁ‘@?ﬁf shpplderai8s s 3ushodRpRri ses t he

sl eeve 236 W {ifa ﬁéﬂ&l%&h@ﬁ&%v&sfe%mgﬁ)@of HiGs hagny IIRMRKert picRAgUp arly shaped
end that comes to a flat 242. An operator sleeve 244 has a triangularly

shaped upper BWdnMEAGUingak6 gatumm248 ahoxe shadder 1R agd aguges de dunnect ed by
l'inks 246 and gséltﬁ)nt %1(9@2&) sg%?at thfeﬁ%lgil{Qrggglﬂ%etr&tvﬁltﬂhé)ﬂﬁilnp@zg %Vlﬁ’f bal I 232

wi th one of tPle connectl ng pins to the ball shown 1n FIG 8j above
the ball 232. n?@@dsipwnéojhesh@lﬂdenét&mﬁumew that thﬁ:@lﬂatt@@bnﬁyy 2Hgagi ng

shoul der 252 x‘?mf: J&Plﬁjc@ff%psé"ﬁ%r éx}ﬁ&%t ngﬂd&}?m%l{ aﬁfﬁ%ﬁ&]ﬁ%%‘r%'ig such as 40

or when goi ng down t¥ and engagl ng sho 54 with a
reduced bore engagesacomplementary 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.

[0043]  The j-slot mechanism 234 is actuated by engaging shoulder 252
(see FIG. 10c) when pulling up into a reduced bore such as 40 or when going

down with set down weight and engaging shoulder 254 with a reduced bore

12



GPS4-49188- WO such as 40. Sl eeve 256 defines spaced collet fingers on the
out side of which are found shoul ders 252 and 256. FIG 10c shows one of
several openonges88 in sl eeve 256 where the col |l et nenper/ud@oiogssmdunt ed
(see al so FI GypBlo)swdi N 260 on the collet 206 rides in track 238 of nenber
236 shown in FIG 10a. [0044] Run-in position shown in FIG 1 starts
with triangul ar conponents 240 and 246 m saligned wth 270 degrees of

renai ni ng rot afchQl 40eSiéveeskef Rlin@l p@ROIRONetaRGer§ loAIHY Sutfifie BRWhicR32. The
first pick up of valve 44 into bore 40 advances triangul ar conponents 240
and 246 to 18ercdeydebeuldgs A32%adi2ghndht 10cuhpus pretiveral ppeites 8 ement of t he
i ner string falso BEGShak ekl mbifi, 786 R hAGRASLLAQNIBGYpiA N F G O

where it is inportant to note that valve 44 remains collapsed in bore 40
until the met @60 erythe cotet PAstideh apisasy 23plbmenedar @deshowrin FIG.HE2.i nner string 16
conti nues upwar owifg. .t he col | % 5 : expand above
bore 40. Downwaﬁ(?@u ver;lg%ltlho Oslgt%r?e?ﬁosvfalr ﬁﬁgﬁll gl P%%és/a‘ls]ﬁgl}ﬁ%“éé‘%54 to

i nteract wi thchopaend 24@sud 24gisahgred ivamgillategonporentsnmiitiand 246 t o

advance to a positijen_ pf egr.ee 1.sal {gnhent.. . At, thi o] typically
circulate pOSIPe?lIu%%’ld %ﬁgg%mﬁ?e%t g?%lgsﬁfi é??agi %% ?Eea%ﬁtealcgﬁa Oérv gl\vl%lmpurrped. Upon
conpl eti ng t hamtgbavel) gduampsengiapgudaedmpendnsn2zt0 aitirzdago 180 dedréeslo€ pul | ed
upward. Valve 44 will enter borde 40 ao groduce %Fot.her r£0t aﬁkon of 236

al | owi ng tri al§il&EP™ E5npBIREFECAYHA P48 0, A AMShd BRI 10232 to cl ose.
To reiterate, pesh @il efenasedvg poditien aedvwoim G, Shaiskdielis dpdriamdo 254 Wi t h
respective shoul ders of hore 40 oduces a 90 d ee rotation of j-slot

sl eeve 236. Shdgddvglye i4ﬁtr‘él?“%%BTF I‘?gsegfmt%‘?@ %H’Eﬁgﬁ%me%% “H’@rha'? shoul der
252 or shoul dekpx40n&ym&sice tHrghdinber8kinki 186GoRauEs dilvard iMlikg Bassi ng
conpletely thru do not produce additional 90 degree rotations of j-slot

sl eeve 236. OfF°lkebilpeis %E@f barg 4D @rexpay! %?@V%%ﬁég Rewneyard Bo¥g Y osed as
descri bed aboyeidyr RH8NOANSHOMARE: 254 (PR HMM B¢ 2998 uPRLen 40 get the
flats 242 and 248 m saligned at which time the spring 230 rotates the ball
232 back to tHEnggancpeenenioAd0 pobdH whadyardeeloj haestion: ¢f Wyders*ep s pul | ed out
the sleeve 11fuiiblnde ANhRGSER oA LRCIADANATKEuh T H SRI1 e
position. Its inside diameter can later serve as a seal bore for a
subsequent pr beluetcheh agd rgrang! (voredholpn cRapleting g govell impipga seri es of

shifting coll : . i £L1ng downhol e
shifting shouﬁ%g? g%l?p(g{%ﬁg%q? lﬁgﬁ]?!ﬁ lélfeﬂsu %ﬁgv%gg%ﬁ@kﬁ%%%%gcoms uphol e
t he shoul der 2&Buai dnbthgr mintioholiRHenll@68e ofanglleeverpéhissHivundi2d6 FI G 8e and
carry sleeve 260.0of f of .t ed collet. 116 thus.releasing sleeve 114 to
move uphote. &1 Qi syl PR RER RS 1o, BN ARG PR T6 un i 1 1
bunps col | et fliongler 2256ndR54tibhregetine thoeldsls egvterd 28 prades 4 A0t andem wi t h
the inner string 16 until_ collet fi rs 266 engage. groqve 268. At this

poi Nt the col PERed PRI EROUEPPEC oS RFTE KR RO I a1 U SFBEve 260 1o
pass under cokioatdef,ibageshoridér. 253 o eN@l D 254 thypsiteriie And ExiGanbaecie shoul der
262, | ocking sl ﬁeve 114 in l%lfeiyc%(?i nce sleeve 114 is attached to ported

sl eeve 20 who¥¥PBpasHg OBR ¢ B PFUirRdiipgal %0 depiee YW ve up

sl eeves 114 apgl-d6t sweld 238DVE cuiseRNBBIM3YhNbSbRAVERE Beilftlbled@O! | €t's 266
| and in groove 269 to al]l ow s] eeve 260 to go over collets 266 and shoul der

255 to rel easdesFribsid dpeeterwhine sBonldss 25H hagk dopin; thigualsbap Ageoitit of t he

hol e. This | ogls 292 eev18llidalighed m%ﬁhpt%ﬁgth%ﬁhﬂg' 290 rotiles iipantispe sl eeve 114
will block ports 20 fromthe annulus 22 so that a production string can go

into the packbickigtheeppnragisioa. t hr ough the screens (not shown) and through
the packer 18 tQqohd SUVhACEHe idddf s@ROUE 19 BRIR RE the"RUCETME Sif R0 be reversed
to open ports 20. il% do t atetI%reé .|Sn.n r s}t ??ng. 16q}e$ %omeredlso t hat

shoul der 257 ergekgdsshefigudndelock2dOnglsy shifeed\wsipen Ktoinpidh [diaplegas\can 260 of f  of

coll ets 266. e 4 Lth it e i nor 111 get
pushed down u%’ltteﬁls\églgll%e g&iljfgeg%rian?u%peg?%% g&%g&}sgm? %é{‘&sﬁ%g‘gwé 260 can go
over them andRsfeoulgderFIA53icareries|of asifiner @itets 1282 \hev GO upledeyshifging he sl eeve

114 | ocked in_the s 0ositi it..was. in.f r ipn as shown.in FIG 8e.
Sieeve 114 i s 1 RkB AR REdoRs shinkRahfloosclsry Waak Betine? JBREHS et err i ng
nowto FIGS. 1 |a-j, the squeeze position is shown. Conparing FIG 11 to
FIG 8 it can be seen that there are $&veral differences. As seen in FIG
lie, the ball 48 has | anded on seat 118 breaking shear pin 124 as the
shifting of seat 118 allows the flapper 120 to close. The packer 18 has
been set with pressure against the |anded ball 48. Wth the packer 18 set
the work string 12 picks up the inner string assenbly 16 as shown in FIG 1
|l a such that the multi-acting circulation valve 26 as shown in FIG 11c now
has its collets 50 sitting on the packer upper sub 72 where formerly during

- . ~ ~ Y o - - S ~ .



GPS4-49188- WO annul us 56 (see FIG 3) fromthe screens (not shown) at the
formation. As nentioned before the j-slot 96 allows for alternative

posi ti oniwgQ20f/ees8 52 bel ow ports 106 for the squeeze poius2@/0a65ds f or
assunption of ,theckgscul ation position of seal 52 being above ports 106 on
alternate pickup and set down forces of the inner string 16. The position
in FIG lid can be quickly obtained if there is fluid loss into the
formation so thads dphsle HRRAGuIARDEE Wil Db GRAIAY RSKbYsIRSe 26@8RMUn idhi s can be
done w thout having to operate_the | ow bottom hal e pressure ball valve 44
whi ch means t K- Ssupdequ e T pbirarpsrcslinililf tristrelsysing tesecf or mati on as
those uphol e FRYRIENSRCIE. STRAE 26 G bd Qi GOIPBYTHE kb CifL14 it UPPET
annul us 56 while fluid loss to the formation can be dealt”  wth in the

mul ti-acting #ibveps ealicofingea Poeatdidhatony therslache 11 mewwd ipeadan with by setti ng
down with thegj.- ~ ' ~ Il on. ~ t shoul d

al so be notedﬂ#ﬁ%#P%HQQ}ggégﬁgﬁﬁgﬁg%g?a§¥@%§3%%ggZg%}ggggﬁééﬁﬁélI above the
sliding sl eeveolltlfingena266 defldcaduificidrityak eliow bleemet200ad powundee cplietker 18 to be
set. This is sho in FlGS id-c. . As. sSh i..n Fl 1if, the
met eri ng dogsﬁﬁ$%qgk‘gﬁgvﬁg?%?gﬁbwggbﬁfgﬁmas§¥gﬁkﬁb%%9§§’ %%a?s t he

reci procati nglbkin pdawn Silev iskceveabldasrhitachetRtogloawhsleeve ROG/hosé¢ iop ehthe | ow bott om
hol e pressure Il valve 44 is bel ow bore 40 and w ||, stay there when
shifting bet w%€ lst‘%reé%ﬁ%}%eé‘zaéldé%g‘e%FOrIB%Yea‘EPeﬁ%"B%% ﬁ“oaﬁ‘é‘ 28f“§|“€%.e '3 and 4.
[0048] FI G 1#&nid&n st die@ke 260 mtd collds 866 tanll e grvaid 26D {of Aloengevbei ng t hat
the j-slot 96 ts sleeves 98 and 100 i different position after picking
up and settinaaﬂﬁwﬁ”ﬁﬁf ?“6W6PW8“FW ?ng@ﬁﬂﬁﬁiéxgbﬂ‘Wﬁ@géﬁﬁhgeal 52 is
above the por timed QfnON6RbAGs But @i UE MoRAtHis U3&kstdHeos!gM ihenasses 106 to the
upper annulus 56. This is shown in FIG 12c-d. The establjished circulation

5. is | d
path i s down PREHINAEFNISHPEers! by dugrciprssaeran Bendit 2péPts 30 and
then ports 20,patheneibElwiag M Us iR holphawrdshy paQiubd HrliMugh the screens
(not shown) and then back up theinner strlng 16 to passage 138 and through
ports 106 andsirend (atieshappeprndadvienehshspacker 13Hpuhsulase B wsved that the
squeeze posi t ARk fibGmentt GRBe REKES W HRY Jofls 20.0M GdghallhSindkg Ci rcul ation
position by sinply picking up the inner string 16 and setting it down again
using j-slot 96ngilé ks lpwerednsd that ghonldan2%i angadeashapiley AT en devs 2pPor t ed of f
the packer upRefPUB.v{Zsfboncf dALS 280-51IRL S 1k 5ad LARIL 16 ANEJ Qfip Sever al
reasons. First the samé andi ng position on the packer upper sub 72 is used
for circul ati portsa?i wiltjpagrising! drsvnGREA 4018 816/\6» appesede 232 pashatdesi gns t hat
required | ar]dis Q&/eaiﬁOac)gli al0I é’verd% vl e?t X logl%grt .kﬂge%n fe gast 193¢ lée\%) ZBRSi tions
causi ng sone doubt™n d ep me]1s |$1¥he proper [ocation has been | anded on
by a | ocati ngleaah efie. siSwet 1l lngkeb ah weemngd p@itoatie wandn squeeze aal SO poses no

e ho 1 sk of Sty Fro R IR R BT R R iRt ring 16 1

pLi or designs th@o4gIcerRetdriihy nof @I1@S$.Nilag, ﬂlheqlfeaidmtt}thﬁaﬁdvﬁﬂﬁ mai nly }‘OY
the reverse step at ti caused inadvertent release of the wash pipe val ve
to the cIosedCB§§WFﬁ6ﬂgE§k 'gﬁém§ Eéﬁmﬁgﬁﬁ@ﬁ?§Wﬁﬁﬁ¥ﬂfﬂ6“?¥e%pen was
normal |y set howaaneugh ithake surd8aie 1apassanesl 118 0Waking asdal pingbgar it

i nadvertently. Wat then happened with past designs is that subsequent

pi cki ng up ofa%ﬁ%S@ﬁﬁ@ﬁf§?¥ﬂ3§agﬂﬁ%%éé”?%%]%%F1do%mQW%PW4ﬁﬂﬁ&4Ws advant age,
even when in (A8 & HebbRILANGRRT ihewnald ol 4 Wi nhdgckanstdemnpul ti-acting
circulation valve 26, the squeeze position of multi-acting circulation

val ve 26 can Berkgsiiiek 13 picks ypralep maerrsepresiseerely deap sBowvmin HiG-ddpect to ports
106 to preveng,d| i ghd 19§1§—ea%ﬁn RA1akiBn LAGe E@F%h%@mﬁf?iﬂié.' @'81 oIVChaF he formation
with no risk of operating the [ ow bottom hole pressure aﬁl val ve 44.

[0049] It is wostdilersotl sgng hatheviheler upeer soly Vhyhdp formeply dlkeek wp inhe nul ti -
acting circul gt . [ .10 r 72 until
shoul ders 95 gﬁéaggdgéﬁgnﬁﬁ'%g@’ﬁqgﬁﬁwnﬁ%&%i% 3??%§§€ﬁ§§¥§ﬁ$§?§| novenment

t hat brings shotliGdébswab tlendeiSi sttodystnher the maitr sseahblp 26 mhevsesl Past ports 106.
This is a very_.short dpnstance preferably,under f.ew inches. Wen this
nappens. ¢he. o el AP et BGE «BUSRChRE HOHRAT LU Mo ER verl ouer
annul us 22 before the inner string 16 picks up housing 134 of the

mul ti-acting circulation valve 26 andl4¢he equi pment it supports including
the netering assenbly 38, the reciprocating set down device 42 and the | ow
bottom hol e pressure ball valve assenbly 44. This initial novenent of the
sl eeves 98 and 100 wi thout housing 134 and the equi pnment it supports noving
at all is a lost notion feature to expose the upper annulus 56 to the | ower
annul us 22 before the bulk of the inner string 16 noves when shoul ders 95
and 97 engage. In essence when the totality of the inner string assenbly 16

o . S e~ " o



GPS4-49188- WD positions without lifting the inner string 16 bel ow t he
multi-acting circulation valve 26 and its housing 134. In that way it is

al ways eas9 200/853% whi ch of those two positions the as®erhisgoiom4ésns whil e
at the sane tge,.Ravsng an assurance of opening up the upper annulus 56
before noving the |l ower 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 h@sfustss GEEFIOVE RN dfeeh? (Y sifwn) R thedfofihffoh. Rk ckup and set
down if the nulti-acting circulation valve 26 was in the circulate position
at the time ofeptpedhsiore B jrsd 36 alloys|fos gltermative ppytieringef tshbZast ed with
pri or desi gns{hatook A oA He¥qlRYEpdlioMINE Tk IQuERLibA & hIBRLbRI Ng_assemdly
to assunme the squeeze, circulate and reverse positions forcing novenent of
several feet besittmeofasepo¥X bding Hoyeghtts 19ft on plessiale piskeparsosetrdnveat e t he
upper annul usg I e l.l can be
swabbed dur|nd£§%a?ﬁféﬁgﬁﬁgggﬁgrﬁééﬁﬁgﬂgﬁéﬁgl%gﬁ?ﬁ%éggggp%b%ﬁﬁkth respect
to the packerlfbhﬁrew fuBDB e ihte thd @m&@)ntsta&latthn@ppestannumg Se@ahascldeen pi cked up
to get the gray f a as shown in
H o 16 Thelt S PR o8t Shbefing MG P PESSL MPRE Al ffe et or i ng
dogs 170 shoubﬁemﬁouﬂlaﬂwshbwhdhnnéﬁﬁﬂmsmﬁh@mmﬁnmhﬁbﬁmx&ﬁ&mgwamd get

support fron1hu this . tinme t reciprocal set down
ot oe 42 oot e, BRgof dis s Pl aiehdl pRarRin At Pyne i s sot
down on the |a@ﬁmuﬁtﬁkﬁgoﬂﬁ1@®&emn@ﬁiB6mgﬂéﬂumh6$5b@h:ﬁﬁnammkhnon and as
shown in FIG  13j vel 224 | and _on shoul der 226 which w |l
put hunmp 228 B%ﬁ?ﬂﬂ“% dﬂlt%Fmﬁﬁécgﬁd”FPﬁbm§W6WF rbeingginy el der 219 on

the outer strpagiocdbysRpRIdoed with the’ﬂﬁsl&%liﬁb tHkGevol®e potiabed before, the

reci procating set down device 42 ha j-slot assenbly 220 shown in FIG
13h that will all084f1it Tt Joel qlsé.’d%eéloﬁ?&é]ﬂatélﬁdmeﬁ@} AL e§]|t AYIS3G3e pi cki ng up
of f of shoul dgsy 218 :86% BElLdiMNG1vONi4 %ﬁh&uﬁﬁ%m@ﬁ@l tRem BYa1f¥e@ut i ng the
nmetering operation and di splacing enou hydraulic fluid fromreservoir 190
shown i n Fl G rackgr ¥ heoigt pides et & %we%ém PashowpeinddGad apd pul | ed
through bore ¢ tihatnd SeRQyY &@Q%@Qf tH@hBYMnE!g GRvide3is ar@’ H1| i Yakve 44 once
t hrough bore 40 turns i1ts J-slot 234 90 degrees but flats 242 and 248 in
FI GS. 10a-b athe rs¢ipiofatiog fssiedownGhiving dsseaiblyl dusha lntlFié} vy Thadeugh bore 40
will result St I h the flats
242 and 248 SP@?P?%Q?%K@%ﬁ%Eﬁ#&ﬁ%Ig%%%%@@gh ¢ %d‘v E@& ﬁéégw%%lll open.
However, GPSAMﬁ@@&SWWIM@msmwngwmpcuhémcp@mﬂmsbeM@i16m1® get valve 44

t hr ough bore 40 ir [ ts 242..and 248 to close the
val veaa. Vi ve B9800 356" FEupui?l B 47 Sal B Tnd 2R F Bk bor o a0
enough to offﬂﬁt&khekipa@emzmawﬁmmzﬁéaﬂeﬁlibﬁkn&pp%ﬂQmZﬁ@rpﬁhngomer t he

val ve to open 511 T differe GS., 13 and 14 is
B Fra 19 ol i gtRAc i OR b FrEBRe 45 IREu A2, T4 Tel oh
has been set dewortafl0e opédifd hm@uﬂm ;g&h eFB gk gh Gh@ pdrtsd0®Sto kikO upert 0 shoul der
186 and settin ai.n w t hout eri t hough, whi ch neans w t hout
lifting val ve? %ﬂﬂFﬁgbagﬁl%ﬂF@mﬁﬁﬁﬁh é ragf“Qﬁ‘ diﬁ$ﬂ%ﬁB%E%‘ﬁe dogs 170
after setti ngd@‘\@ﬂ"fh&:ﬁﬂ&r@hﬁ@ﬁ 1%rtmgmpasgag§tsmn§b@ulbdii@rsola%a thdnlderts 141 shows

t he hunp 228 backing the shoul der 218 of the reciprocating set down device

42 onto shoul & t@igutelfartnﬁh}s3&1f<é¥owgﬂbwﬁalngahrow&tae #Ireds {19hthie ports 30

are above thea&%&%acmp%{e 1%1%? stfihg 13*9@ asgug@ns%ﬁd REuBpbrss ARahed in the
packer upper sub 72 at seal . % Wil e the |nvent|on has been
descri bed wit mt%théelppfmanmd@iﬂﬁaét sapuléahpubwptaﬁ thay thejsgudese pagiione§t t hat many
changes may DeyBdeuh beliiEndElal i fle ARNSEHENLRR RMoh B sthfipnoeTent of
conponents w t hout éépartlng fromthe spirit and scope of I's” di scl osure.
It is under st pioking bpthetimer pinvg hé pwhseiting iotowniagiin asing pslptd \@Met:hpl ified
enbodi nents s Y. cope of the
attached cl ai ﬁlgﬂt ig)c:t]%? B&h&ﬁ \Q‘wfe ?q s&lp§0119§1 J)#Tfnlhteﬁlq Peﬁ%& S’El%h,\?m?ch each

el enent t her eoflletss S@nthis I1e(§|1_gn1flcant for several reasons. First the same landing

position on the packer upper sub 72 is used for circulation and squeezing as
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GPS4-49188-WO We claim 1. A well treatnment nethod for squeezing and
gravel packing, conprising; running in an outer assenbly that
conpri seswa 2pHdkesss an outer string supported by said pacirars2and4dsendi ng to
at | east one ggLggRhy@nd further conprising at | east one outer exit port

bet ween sai d packer and said screen; supporting said outer assenbly
with an inner string assenbly for run in where the inner string assenbly is

in turn suppophRAedR st dBBhdGaslelhiRa mmlgt fexianPalscRte boGiorspeml y
conprises a crossover tool to selectively allow gravel to pass through the

inner string HNE® Bt PEHRAP dawsEieFoBatderbieR deehprls ithsafoacrdataen assenbl y

with returns gamang 15Me8%hb3$ gl 1@ca§1‘ﬁ§ ec%ﬁeta@%élﬂhg bEWRSS Qi El1ack QY tO an upper
annul us defi ned above sai d packer around said running string;

setting said @ca@k@ralsoopqss&)n@tdenﬁr ,@bn]@sungn the el bastome héle presairel baldr een from
sai d upper an Nl : o i squeeze
d upp MLéJ§4 ?d“@la sen&lélﬁéﬁ’es‘ivaﬁtp@% i re Blﬁlélﬁgggiogh{éq nifer SY

position for orC|ng |nto t ret ower annulus, a
circul ate posmnn@d6mhemﬁngkdgmi&nSHUmeSYwédummngamdawamekwahmalus and

returns come Enalnsyu?oq tﬁea el%g l% at es %g‘usgd dr%dver%g‘t I¢ easet 8f ﬁj% prer annul us

and a reverse posl avel 3 n sal nner string ove said
crossover canpbevMew&nhedo&ﬂQmmuomh@m@mnmaﬂemnmyhmehmhmﬂmgmnxement of at

2 20bon S S el IRy’ PR b PERBPSL RSl RGN  ©
portion of saimddpeeh®d WahtvheAaSm@pdiky Wlﬂl @aﬁk@ajlgup isahdl wpggterannul us wil |
be put into COl nnlucai}fltt?enln\{lmert srgrlr?als dab g e eqln% art from thlST!l] arrﬂgatehOd of claim
1, conpri si ngPcxneg up g swW w p vantage,

even when in the circulation configuration of FIG. 12 for the multi-acting

circulation valve 26, the squeeze position of multi-acting circulation valve 26

can be quickly resumed to reposition seal 52 with respect to ports 106 to

prevent fluid losses, when in the reverse position, to the formation with no risk

of operating the low bottom hole pressure ball valve 44.

[0049]  Itis worth noting that when the string 12 is picked up the multi-

acting circulation valve 26 continues to rest on the packer sub 72 until

shoulders 95 and 97 come into contact. It is during that initial movement that

brings shoulders 95 and 97 together that seal 52 moves past ports 106. This is

a very short distance preferably under a few inches. When this happens the

upper annulus 56 is in fluid communication with the lower annulus 22 before

the inner string 16 picks up housing 134 of the multi-acting circulation valve

26 and the equipment it supports including the metering assembly 38, the

reciprocating set down device 42 and the low bottom hole pressure ball valve

assembly 44. This initial movement of the sleeves 98 and 100 without

housing 134 and the equipment it supports moving at all is a lost motion

feature to expose the upper annulus 56 to the lower annulus 22 before the bulk

of the inner string 16 moves when shoulders 95 and 97 engage. In essence

when the totality of the inner string assembly 16 begins to move, the upper

annulus 56 is already communicating with the lower annulus 22 to prevent

swabbing. The j-slot assembly 96 and the connected sleeves 98 and 100 are

capable of being operated to switch between the squeeze and circulate
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providing a lost notion feature with respect to a housing of said ported
val ve assenbly to delay raising the bal ance of said inner string supported
by sai d hwosbng2sisen said portion of said ported val ve ®e3arskoig/oues7s
initially pickgd upyi th said running string. 3. The nethod of claim1l,
conpri si ng: provi di ng said access between said upper and | ower annul

t hrough a housing of said ported val ve assenbly. GPS4-49188-W0 4. The

net hod of cl apfBidons GRMBL 1§HifOthe inner sEHO16lbOGwW e MuRLIFiZS Bigcu@RDI Ng i n said
| ower annul us by conmuni cating said upper annulus to said | ower annul us
first before Mive Hyardies haypig 134 r indhatagydidsialvaye spene &e0 wHieh$4i d port ed

val ve assenbl M‘rose5 th %@siﬁ@fs htﬂg a@sfemff)lyals”i‘nlwhi@@ le{hie Ssiaﬂlg time havigﬁ fah ni ng said
squeeze and circul ate position whil'e a housing of said ported val ve

assenbly is sappenteed openigmep thoupper armulug 56 Phleravpevingithe fovedr apiion |
conpri si ng: 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 prior designs that inevitably have to move the entire inner
string assembly to assume the squeeze, circulate and reverse positions forcing
movement of several feet before a port is brought into position to
communicate the upper annulus to the lower annulus and in the meantime the
well can be swabbed during that long movement of the entire inner string with
respect to the packer bore.

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

and 248 still being out of alignment and the valve 44 is still open. However,
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swi t chi ng between squeeze and circul ate positions while a housing of said
ported val ve assenbly is supported on one | ocation on said packer. 7. The
nmet hod ofwol2aiwm28558conpri si ng: rel easi ng sai d i nnePC3tuisegroasesenbl y
from said outgp, assenbly after setting said packer; raising said ported
val ve assenbly through said packer to extend at |east one collet on said

ported valve assembly that will rest on said packer after weight on the
runni ng stringickidg 8f thed AV strie 16 RELARLINOMS Bfoush 3LV 4D, 2 BRARAE SO
providing a housing for said ported valve assenbly that supports a portion

of sai d i nner 2§y hpdlag 24 e P48 paglosesthe yplse élf‘.tY%lw 94 gasbrosepengi t hi n sai d
outer assenbl %m%@&%%'bg&tﬂro%gﬁﬁ&§46§§&1@i?kd/off§ehﬂé ﬁaééhﬂad@i%ﬁ's@g with said

runni ng stri ng, connecti ng sai sl eeve and sal d housi ng for relative
nmovement . 9. Uhkspriag %blca@fpowlelanhwaye ©owpt iimg:

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

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

equivalency to which each element thereof is entitled.
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sealingly supporting an exterior of said housing to said packer while

novi ng sai d sl eeve assenbly relatively to said housing;

provi di ng

sl eeve aswortbiw28al i ng bet ween sai d sl eeve assenbl y ana&cCsaisdoowsihg t hat
shifts betweep,pRRESHNY sides of a port in said housing upon relative
novenent of said sleeve assenbly. 10. The nethod of claim9, conprising:

defining said squeeze position when said sl eeve assenbly sealing is

downhol e of sg&dipert in said housing, GPS4-49188-WD defining said
circulating position when said sleeve sealing assenbly is uphole of said
port in said housifgWelll tregtpentneneibeyl IPr ciapeHNe0,ane o 49V ¢ls iPAgking.
j -slot betweep,§aihos!l eeve assenbly and said housing to predeterm ne the

positions of said sl'eeve sealing assenbly on opposed sides of said housing

port.

12. The met hydniog it hmpyredassegiyp thas fergprises a packer, an outer string

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

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

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

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

providing a ported valve assembly in said inner string so that when a
portion of said ported valve assembly is picked up said upper annulus will be
put into communication with said lower annulus.
2. The method of claim 1, comprising:

providing a lost motion feature with respect to a housing of said ported
valve assembly to delay raising the balance of said inner string supported by
said housing when said portion of said ported valve assembly is initially
picked up with said running string.
3. The method of claim 1, comprising:

providing said access between said upper and lower annuli through a

housing of said ported valve assembly.
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di sposing said sleeve assenbly sealing in a fluid path | ocated outside said
sl eeve assenbly that |eads to said upper annulus through said port in said
housi ng; WO 2011¢02838ng said fluid path when said sl eeve &ssarsbdg/0s@asi ng i s
bel ow sai d hoysipg,POrt and opening said fluid path when said sleeve
assenbly sealing is above said housing port. 13. The nethod of claim 1,
conpri si ng: closing off said upper annulus fromsaid | ower annulus to
pr event fIU|d4|osSTQ%néﬁ&j@ngnﬁqmﬂnmﬁkg@t on said running string to nove a
portion of said ported valve assenbly wth respect to another portion of
sai d ported val ve #§4iithly/. MAMiTAe Hedhd of &lidhi ke, aeghepr P8I ng:
continuing t OcSHRAALAing il BK:ehhALs Bf safPlod NI dirQbbroRahdypgcker whil e
swi tching between said circulate and squeeze positions. 15. The method of
claim11, conﬁmn@wngﬂnga%em@mﬁwmﬁnh@ﬁbéﬁ%@ﬁwﬂgbwﬂwgqa@@ib and circul ate

positions with a ph%hﬂ&h&ﬂ%cﬁ%%#d&%ﬂ)m QLce to said running string to

operate bet ween two positions sal “slot. 16. The nmethod of claimS8,
conpri si ng: pdedningi sagl squedzie andl ylrslpac@dma@awvmils hdwisleg of endsai d sl eeve
assenbly and 9.0 i.n hat, -ar rdi stance apart than the
relative nnveﬁ@% ‘%§§%$egbbh IIEQ%¥§mg§se 0 "and sai d housing needed to

swi tch bet ween. sai thesoetkelrd chund Iceconquisape p03|tions;

switching between squeeze and circulate positions while a housing of
said ported valve assembly is supported on one location on said packer.
7. The method of claim 1, comprising:

releasing said inner sting assembly from said outer assembly after
setting said packer;
raising said ported valve assembly through said packer to extend at least one
collet on said ported valve assembly that will rest on said packer after weight
on the running string is set down.
8. The method of claim 1, comprising:

providing a housing for said ported valve assembly that supports a
portion of said inner string assembly that is substantially disposed within said
outer assembly;

supporting a sleeve assembly within said housing with said running
string;

connecting said sleeve and said housing for relative movement.
0. The method of claim 8, comprising:

sealingly supporting an exterior of said housing to said packer while
moving said sleeve assembly relatively to said housing;

providing sleeve assembly sealing between said sleeve assembly and
said housing that shifts between opposing sides of a port in said housing upon
relative movement of said sleeve assembly.
10. The method of claim 9, comprising:

defining said squeeze position when said sleeve assembly sealing is

downhole of said port in said housing;
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bringing said shoulders into contact to allow said running string to lift
said entire inner string assenbly into said reverse position.

GPS4- 491880wm11028558he net hod of claim 16, conprising: PCT/USemdiong7sai d
reverse posityQn.Rywdanding a sel ectively collapsible collet on a shoul der
in said outer assenbly; pi cking up and setting down with said running
string to allow said selectively collapsible collet to collapse to close

said upper annul usa&imm@saﬁicqcﬁlmgpo@iﬁeﬂkxms,n bdid LB VAL afemblyub d | 0ss usi ng
said ported val ve assenbly. 18 he met hod of claim 1, conprising:

provi di ng a waRllgpipaidgas ivesidkousingt he | ower end of said inner string

assenbl y; 11.COM R GHEh R @i 198SthpRiiRe val ve so that it takes three
movenents with a direction change for each novenent to nake said wash pipe

val ve close. 19. Tkengnetjkdel bftwednasad pBeve @sspmblyi pigh said housing to

predetermine the positions of said sleeve sealing assembly on opposed sides of
said housing port.
12. The method of claim 9, comprising:

disposing said sleeve assembly sealing in a fluid path located outside
said sleeve assembly that leads to said upper annulus through said port in said
housing;

closing said fluid path when said sleeve assembly sealing is below said
housing port and opening said fluid path when said sleeve assembly sealing is
above said housing port.
13. The method of claim 1, comprising:

closing off said upper annulus from said lower annulus to prevent fluid
loss by setting down weight on said running string to move a portion of said
ported valve assembly with respect to another portion of said ported valve
assembly.
14. The method of claim 10, comprising:

continuing to support said exterior of said housing off said packer
while switching between said circulate and squeeze positions.
15. The method of claim 11, comprising:

switching between said squeeze and circulate positions with a pickup
and set down force to said running string to operate between two positions of
said j-slot.
16. The method of claim 8, comprising:

providing initially spaced apart shoulders on said sleeve assembly and
said housing that are a greater distance apart than the relative movement
between the sleeve assembly and said housing needed to switch between said
squeeze and circulate positions;

bringing said shoulders into contact to allow said running string to lift

said entire inner string assembly into said reverse position.
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providing a tine delay in said first of three novenents as a surface signal
that said wash pipe valve is being arned to eventually cl ose; novi ng
sai d washwpizpe/o2sisse fully through a constricted bore i RCTAISA10086TS
assenbly at |eask,iw ce before said wash pipe valve closed on a third
novenent. 20. The nethod of claim1, conprising: di sposi ng said
crossover initially in a sliding sleeve that is in a first position and

| ocated on saiig outiRrmABSEsNRIYmt18, *ulpawnget ting said packer with internal
pressure in said running string; nmoving with said running string said

sliding sleeve to Bdirecsitbrepsd Rosision dydangingth selecwlycadligptiblpsplfeti n sai d

outer assenbl MnEQho%cf%Pﬁlsﬁﬁ'o@te‘?éésémﬂ?” so that production can cone through
said screen and into a production sftring extended to said packer after said

i nner string asserrmﬂyng gp ragdsvigdg fdpwm et shidmnamgagitentsi gllow said sel ectivel y
| ocking said §éh%c‘ﬂ'v%? f‘gl a‘f)?\éﬁ doﬁetsté‘ Qllafpker t%tclcfé@galgﬂh%rﬁﬁ dfrc%?%&' ons. 21

The nethod of ¢ Ifting seat in said
sl eeve assenbloywwwrtrmhatm theasftnt oh@uldihlseualhg %mhtortlecrhlvalveazhswnlﬂy osed by said

shifting seat; ohj e n said seat to allow shifting it
W th pressure appl I edn(%{g(pdséa}%c?%gt}j edntlp%tsglgopen said lateral ports;

providing a wash pipe and valve at the lower end of said inner string
assembly;

configuring said wash pipe valve so that it takes three movements with
a direction change for each movement to make said wash pipe valve close.
19. The method of claim 18, comprising:

providing a time delay in said first of three movements as a surface
signal that said wash pipe valve is being armed to eventually close;

moving said wash pipe valve fully through a constricted bore in said
outer assembly at least twice before said wash pipe valve closed on a third
movement.
20. The method of claim 1, comprising:

disposing said crossover initially in a sliding sleeve that is in a first
position and located on said outer assembly to allow setting said packer with
internal pressure in said running string;

moving with said running string said sliding sleeve to a second
position and with it said exit port in said outer assembly to block said exit port
so that production can come through said screen and into a production string
extended to said packer after said inner string assembly is removed from said
outer assembly;

selectively locking said sliding sleeve in said first and said second
positions.
21. The method of claim 12, comprising:

providing a shifting seat in said sleeve assembly with at least one
lateral port initially closed by said shifting seat;

dropping an object on said seat to allow shifting it with pressure

applied to said object to open said lateral ports;
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GPS4-49188- WO closing said fluid path i ndependent of said sl eeve
assenbly sealing position with respect to said housing port by virtue of
shi fti ng wai2d11928358 directing treating fluid throughTiuseoopngrh of

sai d inner stgingassenbly when picking up said running string to renove
said inner string assenbly, by flow ng through said |ateral ports and down
sai d passage to said screen.

closing said fluid path independent of said sleeve assembly sealing
position with respect to said housing port by virtue of shifting said seat;

directing treating fluid through the length of said inner string assembly
when picking up said running string to remove said inner string assembly, by

flowing through said lateral ports and down said passage to said screen.
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