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

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

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



[0013]FIG 4 is the viewof FIG 3 in the circulate position; [0014]FIG 5
Is the viewof FIG 4 in the nmetering position which is also the reverse
out posi twornp11jesss] FI G 6 shows how to armthe wash pi peTusbye/nseas7¢ hat a
subsequent predeterm ned novenent of the inner string can close the wash
pi pe valve; [0016]FIG 7 is simlar to FIG 5 but the wash pipe val ve has
been cl osed and the inner assenbly is in position for pulling out of the

hol e for a produgbigin stGineh-Rf dphienad ci@esl bl QW thhad nAlifadial shown;
[0017] FIGS. 8a-j show the run in position of the assenbly al so shown in
FIG 1; 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
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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 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

seat to allow acidizing after grCcawskolpaedsieg on
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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 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.



and seals 34 and 36. Metering dogs 38 are shown initially in bore 40 while
the reciprocating set down device 42 and the | ow bottom hol e pressure bal
val ve asswotbiy/ndssar e supported bel ow bore 40. Alternat iPeelug0iniogssent i re
assenbly of dogs 38, reciprocating set down device 42 and | ow bottom hol e
pressure ball valve assenbly 44 can be out of bore 40 for run in. Valve
assenbly 44 is |ocked open for run in. A ball seat 46 receives a ball 48,
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r epr esent thed@W@E%vd@%bglﬁgiéppkﬁ@@eﬁbnthétkﬁ@mmwma@w®ﬂ<b@mhﬂﬂg t ool (not
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annul us 22 argynd the s eens &?ot ) The nmulti-acting circulation

val ve 26 has fm§W$Ft RERTS fﬁﬁ?&WtﬂP%W be described bel ow that allows
the string 12 toobs3s]pi akedribPn@neh BELS. dpvinhd Mupieictifgaircdddiopasivea port so as
to open a ret | ow path t ) I . 1t shoyld be noted that
pi cking up th§6§?d povgb g?”&ﬂ%gﬁg“ﬁeﬁgggeFﬁhfﬁ@néﬁﬁﬂﬁ%§mfﬁwﬁ &MAtime to

avoi d swabbi ngo e rds@ronahd PLKBYuHRNABCLY 8 nir inf bpridd Badea cbh@s Bpper annul us
56. On the other hand, setting down on strlngtlz while the collets 50 rest

on the packerS@%WWﬁ4W1%ﬂ%@@eé¥ﬁﬂﬁﬁ@ﬂﬂé@8fﬁﬁb Arethsld 48ingigbe PPREANUI us 56 by

virtue of sealypdre00 RPa U}pp@r IEAI@re@mszéhasl dmvn fT&h% %e? eagconpl i shed
with a j-slot nechanismt wi | descri bed bel ow. P circul ation

nmode of FIG 20tne twvétmﬂsﬁwfllmwttapﬁea@bh% hé“hgdﬁkéﬁgse{nhb't 9@ﬁ9%ﬁ‘91)ﬂ s shown by
arrows 60. Th‘éoﬂﬁgﬁé Eﬂe%%%?fgg d%'cﬁﬁlec{é %Qve‘&ﬁ%ﬂd!?@t% ARy oal didevobt ai ned with

a pickup and set using t e | -slot assenbly nentioned before.
[0029] I n FI G 160 tewingtes iang lderivad 192em F@i bk Supprried bb/heamﬂeqléwl ing dogs

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 position is
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



38 have | anded agai nst a shoulder 62. A pull of a predetermined force for a
predetermned tine will displace fluid through an orifice and ultimately

al | ow t hewdagsl/@835b0 col | apse into or past bore 64 as SROWUS2010B4ES76 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 ective support. Picking up the reciprocating set down device 42 off

shoul der 66 apg thgn se%@énfslg@gsmék &lﬁﬁ‘@ B9 a thegnckull balrbi W D ereé BhPr ocating set
down device 42 to re-enter bore 40 Once the val ve assenbly 44

is pul | ed pastfibthe prperacspgnirfor he praser léﬁhtalfné‘ﬂ uhnettipad lok®f o bore 40 it
I's armed. Re- gt ef3png anBI?geflgeédl&?Qn@ltoéefmth@ é‘% ‘f&ea@é%?rﬂ%% @#4n The valve

assenbly can re-enter bore go to osition comi ng out
of the hol e. Dpassadeddlagieiibe hdtlédlermgd Hmlgllﬁ@le@uushéédomtoc'ﬁ@h@ei n the FIG

5 or FIG 7 pB%ékEﬂ fnd (O pEVE3E ¢ #’h?lbéd‘ tf %@wan? oQ&&keﬁélﬁ%eﬁaa?err equi red

t hat val ve 44 be cl osed to prevent ss down pl pe. Valve 44
havi ng been chasedd slan apyemblgo§bedwthgbie Mnglgrqctsst hThwgt@atbora SAKD and t hen

| andi ng it on ?Q(s)el’l’lsg%hatgleco{lfgzOBlJmlat%fro 6%he acf«:erl%r es%n’i"he se&m in the run
in position. or conponent s be dEScr i nan or er fromtop to

bottom to bet F@is eowplraearsed]ﬁmnt tlhe)paﬂ@eIuplbee.suﬂ'ﬁéraﬁaftmeestrlngdﬁlc'am bnal details
and optional features will be described followed by the sequenti al

operation thaf™ BIB}LII]IHW “on the discussion provided with FIGS. 1- 7. The work
string 12 is shoeoséin IﬂcﬁnngBBaoaStoiFsGs%dthﬁe padeerpIBCkE thesiep YO NG t ool 70

that is a kno desi It creat es tive novenment by retaining the upper
sub 72 and pu\é\ﬂf H]gv@ﬁtl?%q&“ ‘ﬁ‘ﬁtéel @@%u??yvg"tuﬁlgl B °%Bwn sl eeve
76. The upper s@w@s 798 bl 1o @ e hﬁﬁdrgpM | d1@r EiRRldekOSIINY slgegye 78 that
has flexible collets at its | ower end supported for the settlnﬁ; by sl eeve

80. After a higishaHouyhe hoves duneestine wdte ind: baEnraely 1w qolets 5Bl applied in

passage 82 angpﬂn@toqt aq%etlgca%n w%lar%%’[ﬁ'en%@m@lo@éi&ﬂﬁq?l@p(%bt wlmﬂﬁfdfm ne the
fingers at the | ower end sl eeve 78 so that upper sub 72 is rel eased

by the settin84 ta@@levemhmgﬁbatu heings am 1tblaplpdms S@quoi% SupPReTRH offabg age 82
comuni cat es %F(&gggbgpgﬁﬁ %2 86 dsQnfdiSor §&E1E&emg&& bﬁsa?ﬁtﬂ)b ngn pl.eeve 76 of

the setting t own agal nst the pac setting eeve /4 to set the
packer 18 by pusipikhgdontnd devselin aprdustippwik selebPe/ca8@ompto fest avor t h not i ng

that ‘in the prg c{]ﬁ sbifs 1§%’9&% e %&ﬂ%ra%%‘é& ?xz%%ﬂc{;‘gf&fi%elél?  1h he packer at

4000 PSI throu por iI's t en rel ease pull is
delivered to btmeofpbmw@rpownb]hs (tfhll& Jwrbcrtk)6$111erseai¢2tvullrh)albelowuheepcmhdosI i ps have

oot PLOBST L o 8RB BRSO ORI B 5D, s T
down on the oup Sclbd& afe pdﬁl& poE ke eskénct osekdl & i86én the return flow path

represented by arrows 60 in FIG. 4 in the circulate mode which happens when

seal 52 is above ports 106 and the squeeze position where the return path to

the upper annulus 56 is closed as in FIG. 3 and in the run in position of FIG.

8c.

[0037] It should be noted that every time the assembly of sleeves 98
and 100 is picked up the seal 52 will rise above ports 106 and the formation
will be open to the upper annulus 56. This is significant in that it prevents the
formation from swabbing as the inner string 16 is picked up. If there are seals
around the inner string 16 when it is raised for any function, the raising of the
inner string 16 will reduce pressure in the formation or cause swabbing which
is detrimental to the formation. As mentioned before moving up to operate the

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

9



there are gravel slurry outlets 20 also shown in FIG 1 which are a series
of holes in axial rows that can be the sane size or progressively larger in
a downholwodnrigesison and t hey can be slant cut to be oripemtusdoioni@’eownhol e
di rection. These openings 20 have a clear shot into the | ower annulus 22
shown in FIG 1. One skilled in the art woul d understand that these axial
rows of holes could be slots or wi ndows of varying configuration so as to
direct the sl Q5 uwhRRliR fadie 44%\6@5”1@@@%%% £FmaiONtrh O b ihndfs Eh@e 8d and

bel ow the stri n? 24 continues to the screens that are not shown.

[ 0033] Ref er ri Ayltheskng sirlasn @hedayhaowmbeen degetibedgheyeveuthariivanval ve 26

will now be dsgwnapﬁstﬁs re0fhe UBETTHIA 13ASHAAO oGl Githa Lo val ve 26 s
at 90 and rests on the ﬁer upper su run in. ‘Spring ?oade

coll ets 50 sh&ln &xi érfﬁaé@tlﬂletm@q@é@m@alpmatm @mbgqhnﬁnt(}s t@allewe held

agai nst the u - r xt ends down
from upper eng&g%nggng dt%\LXB%gsosg tél?zoairi;lchjlié-llﬂ %’?agl liB %}H@ tO%ﬂ)-Cgl ot assenbly
96 operably cpmtmmﬁlgstﬂasstamsemﬂayﬂmﬂ pumperthtmmcba&dag@&kwﬂ% dB)Mﬂi td00 to
mandrel 94. S|eeve r.m nat es Fl G 8 Support ed
by rmndr el 94 e partaar eyl E5s Wl RaFepSPs e Bribln Wi ch P ow

r epr esent ed b;tee&ing(ﬁm ®Qhin nhddcBenddwith héid pags lowertene o(‘:theanﬂeastlrmg’u node when
seal 52 is Ii%ed abovF ‘iports 106. Bel ow {)grtsHlOG is an external seal 28
that in the rd®2ONSHBLNGOGROL Bdheotit We ol Badr ™y 110 of the packer upper
sub 72 and seen [0038f] GFiScCio dai eddidal pdiglecidleer e wbAB nobieHatvht hi n sl eeve

112 that has ports overed for run_in by s|leeve 114 and | ocked by dog
116 in FIG séeturp@ﬁ%s@oa% t@ﬁﬁﬁ%@fd&@é@ﬁﬂ %S&ﬁﬁﬁt iﬂfwﬁpa 535 i s~ dropped
onto seat 11848 pRASSBER aSshomdbylBe PHtIRSE UIdGEh liRsthfd B8k célti@uiagker 18.

[ 0034] A f | apper valve 120 is hel d open bézsleeve 122 that is pinned at 124.

When the bal | the w1 isposdieBwAlil osss Hes proha? it iy ty)ports 106 -on seat 118

and pressure Rf R@i%ﬁﬁ%eho%zto'ﬁGb% bire P2’ HabGedhl RBRBNed SnBddrOWRdst © Spring
cl osed agai nst seat 6 so that downhol e pressure surges that mght bl ow

t he ball (not adledyhsnan betiieen Rare 0 Bt is ifsideeart 149 & thg 1op apépagt biZped.
[ 0035] Goi ng bﬂﬁks&ﬁuﬁd&ﬁat Bepdo 18 t’ﬂﬁte\§l§alt' seshl%&h 'nP'FIGSn 99%3@@9& 82 it wll

go through ports 128 and lift sleeve 13 | ower d of sleeve 130
serves as a reatatilerall skaydis thet Wh‘euSpéckﬁt thb@elqkeols uplribatt isgiowRan duri ng run

in so that ifffé‘esesﬁ%%%ﬁl e &%Hﬁ‘ﬁeggxg %&Q}tle{]}ﬂﬂm' E{lit(l}lggl Cé{f%%nl%g]tvé otated to

free them After the proper 1Ecenen I's obtained, the
rot ati onal | ok itoshoultlem stBQ! thst the balbrig2is m@ehlqd)edimdtﬂl 4fter shef gaedd up to

rel ease by pressure i,n._passage 82 a r th e iston 134 is
{hen pushed b eandBeORREBExEE Al b Bl rife 6 R o o

prevent over S[)lﬁlﬂ:ﬁsjung\ldtdf’lélapﬁbﬁke IpatﬁGaB’ andll Slhdr@bﬁ&ﬁ)emb Ipyss&Bthetwph ng t he
setting process soft rel ease” so that t et can
unl atch from P?{Elb{‘aé’ﬁB?rt ‘{) 31461@‘% cRngh fﬁg P‘E‘J?ﬂ © SHETIoE O H ?‘@ eased from
t he packer uppéits BOire/Zel@f18scliMg s&dly 192Gind 454 arth @568 b ALY &beiIChorts

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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[ 0036] Com ng back to FIGS. 8b-c, with the packer 18 set, the top 90 of the
mul ti-acting circul ation valve 26 can be raised up by pulling up on sl eeves
98 and l108otwoiwessxse nandrel 94 after shoul ders 95 and 9PCEnsage/0468h6 ch
allows the lower inner string to be raised. Utimately the collets 50 wll
spring out at the location where top end 90 is located in FIG 8b. Wth
mandrel 94 and everything that hangs on it including sleeve 104, supported
of f the packer upp®] Sulfdand Ksv asEersbky. . e iERIREMLAE céhtﬁﬁaé@&m% and 100
can be mani pul ated up and down and in conjunction with j-slot 96 can cone
to rest at twlelHsgidpiee opanilishi66hategonEnygs ¢k the nagering dwice #3%h force of a
finite 1engtNuahdtCB i8NG THO RA%NE hQBANOTagDedvish 85 e seal 52
wi Il be below the ports 106 as s ) e ot her position of
the j-slot 96cehprissealsess ofidpgs hdvbaulpvabwvmal greoyge A2 andd74 nearessence seal
52 is in the r 4 in the
circul ate rmdé&%/vfg: nd%}%éﬁ%ﬁ%@mﬁgﬁé@%Zﬁﬂ&gglfﬁs’anggzg‘é}ﬁt& toléfg(it(gérqgrrl]d t he
squeeze poSi tlrofromlrmwcef% A& pgt lﬂhbtpattt I&letsantemeamm)é{urmriﬂbumd%& s cl osed as
in FIG 3 and é etahgenl‘els,ll’(l)fl n héq Ci%z QE‘F QQ@ 11 ouI d be noted
that every tine eeves hd 1Bd" e pi up t he seal 52
will rise abovﬁaﬂiw&tﬁicﬂ:@ﬁn@gﬂ)ot/dsdso andi’2. MemﬁellnMSmpgm tsantkhe upper
annulus 56. This is sigp.ficant in that reveItE,sthef rmation from
swabbi ng as tH& | hﬁn%(?gs D RytpEe |I%°Vﬂﬂgcﬂ%d”i}%ut e e ‘511 W8 s around the
i nner string alﬁ)ulﬂaielmw 1TndHIS 8@ isBsle ftok p@ﬁtylﬁfr&%aﬁéd, adweveh@hd &igsilmg of bta he
inner string 16 .w reduce pressure in the tjon or cause swabbing

whi ch is detrBWaHe & PIggST ORE a7 st U8 N pﬂ%‘“ﬂ%ﬁfpﬁe% Pdrigptes Pfg’\fipng up to

operate the j ssinti188Gudes thefdbbNBrotdoeni iBREVe Slidid Metefifk uBE66 @YERSIGe POSition
of FIGS. 5 or 7 wll not actuate the valve 44 nor will it swab the

formation. ThéeckigpdA@rit shoradiay drandsd Bestidrg R PR dumat ik av%ﬂ@% have now
been descri begefofm@welfstf&grsﬁom@erq%ﬁ@so& gage%l byc%tlw%loq&r\m@ﬂh@ the return
path 137 shown above ports 106 in cis ferent. The purpose of this
alternative em@@an&@mwukgeptl@o‘ang Wf&aﬁmc}@gs 170 shguldenmyt pAsstadeng? as t he

i nner string h'1§105v€f‘91¥1%9e1%§ I‘nﬁ’ ek @ 'ﬁu&%@&u%f th%; §8fhe o?ﬁha%%d?e?ce so that
fluid punped down passage 8 ovvn to t ower end of the inner
string 16 pasi9@ whkichperil fl&ftd/le/ dm/llig)fthe Héhrpughpodee 32 andpassazg 14o0m wi t hi n

t he screens RS 0, r ves up the
formation onm%%%a\%%rdlout 1{1)%1]&} ihg%"Y% ng]dDrye prlﬁ%%&%?‘&ﬂrn&% %Pogla%% ggdl tional
perspecti ve, sltlftncscovmemkatmﬁtlthmgnaleGCm Hetakest timatopkt this b8 ther @wmvesl t he f | apper
120 in FIG 8e Stsu?rlfe;[cg sp % Op’tlp ﬁlept%rctesls %Qun?amedba{lptﬁg ?nen%r Etplgm ?%h%hown by the
paths in hi dd&h® PY'HES fien "Cont T ALES TR e TAMh ion until

cl osed of f at vaéleal4 5211 jbuatménbésosmtzvhen rFm}.tG 1@ drificEI102 1s8p1ugg%af erring nowto
FIG 9a part as been redesi gned. and rt. 140, .i 0 span between
parts 100t halithe PReFHE<gap E TP uE e BB hes s 5 e °TEr s ound
it at the bot tigmbeNI(eanihaprihBhdddSaetiowvei 202 WilBopenda plsshg 20@lak above t he
ball seat 118 that was used to the packer 18 and that is showmn in FIG
8e. Even with®t ﬁ*@n%‘bﬁ’i‘%rﬁlm%@rd%ftheIt AROugR ol hag psmhgsRifseEuPat i on val ve
26 it shoul d hgesiahetle hdts ddogba) AllokAde ioppdted eAisQIRRId6MLI70 @f ter the
gravel packing and reversing out steps are done and the inner string 16 is
ready to be pOPn B¢ gigevesNSZengd HEt @ éfl(t‘ﬁ“ﬁmﬁa?tllPPOl%@f thesdogg {179 whHer e but now
it passes throuafy ﬁ@rﬁln@r]s%nngatl6pﬂ'§/£&e]1ﬂ)4 ﬁ@dw @QQIaR/QaﬂIn?sl ndw8 on the
exterior of part 140. Ports 150 are hel'd cl osed by seals 152 and 154. Ports
156 are of f seexmapdathypor exerRE® fxmg baecdlj Kotiltakd lpyeringdl dowmstroygly 158, Bal |
142 lands on ggatyy}ap b2 6808 o7 4 3L V0.4 WAMnRAL:, 342 1 ands on
seat 160 and presgure“{;%llopl s tfg urfil ermé}nner 181 gVﬁ 62 so t at E%r(? 140 can
shift down totedlsgnt- ports 150 and 156 between seals 152 and 154 while

i sol ating ports fr ry ths I unmped down
passage 82 canno[t%MO(l Cﬁ’ﬁ]ﬁ% |h§t 1i;%‘étrglé1 Sub th &Sagter Elgé(l:véﬁ §eqs7ga 164 bl ocks
it. It is fi nendeumnbcﬂmmagsnhb ¢c01egc256l(ﬁshoiwolleFlmtl@cpassaa@easi@ﬂily d4 by that
time after the v Ki n thef dovvn p 138 . will sinply
go to the bott9 at 1?’tt Igug hAEFsP T ﬁlg(a% 445 fr‘][?ilﬁ an%u’ilcfs gtzgzufn of"t he whol e,
which is the intended pur pose anyway which is to acidize as the inner
string is pulled out of the hole. WOI2011/028559PCT/ US2010/ 046576



[ 0039] Referring now to FIGS. 8e-g the inner string 16 continues with
netering device top mandrel 166 that continues to the netering device |ower
mandr el 16 20n/B8339 8g. The netering assenbly 38 i s shomoTius2Hb@&Hs7d-7. |t
conprises a series of dogs 170 that have internal grooves 172 and 174 near
opposed ends. Metering sub 166 has hunps 176 and 178 initially offset for
run in fromgrooves 172 and 174 but at the same spacing. Hunps 176 and 178

define a serigs 19% @HQOYSwliBRed K"a@ﬁlt th{%wmnm todags 170 are
radially retracted into grooves 1 18Z2. Wien the inner string 16 is

pi cked up, t h&cadysinazoUEgno wéieneﬁ%m li’fgplelﬁﬁdvﬂpttﬁéﬁtt the gpltats 2¥7ebrek unti |
hitting shoul ggr bé'rgﬁo kd} tﬂ:e' @Ve&q t @B@@F{ﬁe LOat wRCHAE wWhgn Eh%%%ﬁ&@y however, the

dogs 170 go into a b ore an the run 1n position of FIG 8f and t hat
i's when spri ng;dlfsﬁllpﬁgkhé@erhéOdogs 170 dovvn relative to the netering sub
166 to hold the n hunps 176
and 178 before t e raveergc”%)ljagauhgq ? ‘%é}c?sqgglgaggéﬁg%gpﬁ%g@g)l?o I n
order for theﬁnmﬂlhga@mbe amalkdespctmmﬁlﬁgmhpa lafvtelndihe sihoger 218 shoul der
out it has to prin i 8 and es reduci ng

t he vol une ofﬂérea1 e\r%’(igﬁmvﬁw Jcﬁ(l)etlzszﬁgl Ol*el Oﬁlgan Whela&hevsthﬁuﬁ%uélson t hrough
orifice 192 angppassdgg- s]@&ZO@llmmmerreﬂ:@ﬁ)catﬁlgssteodmﬂ@&vucs rimnamed by spring
200 and allo i ston 19 ift t ensatefor th effects. It
Cakes time ¢ o kb ahRgu i i sinee GTEE MBS Lo B i he for ce

i's maintai nedsinlden 226, Rimesh sBbulddr @26 & ﬁd%aﬁuppaltedaaeéﬁlswﬂelsh@ﬂd@m&d as shown
in FIG 6. Iftheoifice 92|s h force can be applied
than what it H?Jgrfﬁ’éli‘ PrPdke Olflﬁldf:ﬂt L?'I 'gléqﬁ?g ‘g?kl%s 2#40 f38#81%90 and a
spring | oadedhsiap 228 cotmds\MfroZA2niér wiBRASuIEG NB IS ALY HodedSroddlingl t er nat e
path to chanber 196. When_enough oil has been di spl aced, the inner string

16 moves enoud dPBNARYiIEWA? Hebeolikb derpsiina oliothorHer 8gshis Foshoyngep i nt o

grooves 182 apd Iﬂe%&nfgodn@mer@&er@epdélﬁemftmégrs51{@167 dReRvd/Picklt Le 1 etting the
inner string 16 advance up. The wash pi pe valve 44 is now expanded upon

ener gi ng f r onthsdpeer 40ing| k6 gty lpumlai%%s pleswe shorddar 1218 gugh a¢thrteugh tor e 40 bel ow

shoul der 210 r o close it.
[ 0040] Pul I'i ngf)%ﬁtﬁ{nmss{tk;etrzléggost w{lglgwxé gg gﬁngﬁg&%ﬂg@gﬁ%ﬁgé%&der m ned

brings the cohdtgids BT (¢ bhohwmelden2H G sup@ey)it srthatdheellasaseamiily 284 conpl et el y

through narro \Q/[Hesuﬁglte clojﬁ%)s%ﬁla}’a} ﬁkveépilpg%gtddo%%%rlg%g‘déﬁéﬂ?% 25%6' 8g. The

collets 206 w nee ack t fou ore 0 and then
t he i nner strbmg@&wﬂplenm@dziuda@auphaﬂ(ﬁdmﬁlﬁ 8gget the collets 257 back

into bore 40 for e.44 to c e % en the
collet 257 is dr@hmba?{e TRED D5 ehg% 8'[ Eﬁf?ge r%%ldﬁ?o A }Oﬁ\é\@set down

devi ce 42 hasth@rvait haymbly mlvﬁubbhﬁqefwengﬁc}s J241:%43) sthbazthokazahceveaverzm 1§ed section

216 with a loywer |an ere is p05|t| -sl ot 220.
one posi t1 DR AGH PR SRSt BEPeS gt Sitpre it na Rt oSt bo0 ol 1 e
| ower reci prog@pd shgws et FIdSWn-7dSpinge30Rnds e bdd 232 had the Sp@aicsitioh t he i nner
string 16 to advance until shoul der 224 éga ges. shoul der 226, which

shoul der 226 PsFlGoti- 405198 e galbétigs Pringe RUP e FOmREs b R ind support.

Coi nci dent al | yioWinfebhdnldeh 2B UMEET5isR243006mE28s eNYAWERD23NWiIR &8 comes into
alignment with shoul der._218 to allow the reciprocating set down device 42

to be held i nepeditiask 2881t Brculoger rigaglariphihapidend HghAomes Priellavet eri ng and
the reverse pogj tAnQﬁ%raQJfr skebe244 7 @p %aﬁguﬁ@@ﬁﬁdyg@é@ﬁﬂ N6 At {dag | nner

string 16 gets hunp 228 above shoul der uates the two position

j-slot 220 soinhHat %ﬁeﬁew@ﬁdﬂﬂs gognegiesl by links 2d@and 24%etormaig32o6sapi | | not ride
down to the Sﬁ% | HEForfibialta s%‘f‘B P53 &zﬁh S SMAl ¢ o&ﬂ@cu‘ﬁglﬁ £hsgis@pl y 214, 216

will sinple collapse I nwar y wel ght 1s set and shoul der 218
engages a conpile?®rshawy insklff &j@@omhbdbﬁmz in FIG 8g. [0042] Referring now

to FIGS. 8i-] an[ﬂOﬂ] GS'Th%?—s%f Rl’ecﬁagl%m%ﬁqsaz}citu%%d%g/ 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
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the valve assenbly 44 will be reviewed. FIGS. 10a-b show how the val ve 44
is first rotated to close fromthe open position at run in and through
vari ous owbeniigbeiss shown in FIGS. 1-7. Spring 230 urge®cCrhms2dalohes282 i nto
t he open position of FIG 8)j. To close the ball 232 the spring 230 has to
be conpressed using a j-slot nechani sm 234. Mechani sm 234 conprises the
sleeve 236 with the external track 238. It has a lower triangularly shaped

end that comegchasaof $Rtve2d3. deﬁﬁes%@%eatc@ne@lng@ry%nzﬂéomﬁae 8r fhicRngul ar l'y
shaped upper end 246 that ends in 48. Sl eeve 244 is connected by

| i nks 246 andafzzfslﬂlddh%‘d‘ﬂqfs é@zandfzﬁgﬁle F(Erﬁh?W%OI?edlfé?Y%@Pe%S#%f bal | 232

with one of t G 8] above
the ball 232. 0%2%?%% oéta)ﬁﬁte%gﬂg]%le?szpn@%Sﬁ&%ngedgg%u%{&e b?fl elﬁgagl ng

shoul der 252 eéib@tm@?llelwndmgntr@m%s pgmerpbdr 2@ stwvmed il adObor e such as 40
or when going d &) n nga . 54 with a
reduced bore M“"ﬁ”s E&)lﬁl EI geve \é\gfé%f ?ngls(?s%a%ﬁfgc‘gﬁ“fl{hgﬁ%ngers on the

out si de of whrahparess 4@ lantl gélﬁ)nnisabgrred 26t ZM0dde2fs6s oiFte@ainiltEromows one of
several openi ne%guids f%ll_:)apg and (E%SS%I‘éAQ ig%orgﬁ; hr glcg%p O Valve g%l s _mount ed

(see al so FI G e co ack 8 of nmenber

236 shown i n Ht&borkGlA. advances[ @ﬁdglilarl%umpbmbnpmmmandm%h@\l\m depréekGf 1 starts

with triangul ar g quneﬂts 240 and 2&6 m sal I%E g with 270 &Fglrees of

remai ni ng rot AYTHMPS PR HPYERANBAYCTSAG O8I 1BE 4T Y Bal? 1932, The

first pick upp&kibkabnie iddnédring Reitien 4ebvatimarces wherai glingor@anponent s 240

and 246 to 180 de rees of m sal IQ%P Bt Unrestr ed up vvargwﬂpverrent of the
P i

i nner string BECiU% YBRE A eMAt F ifdos FhyH s MRS HBW n FIG 5

where it is iRl a0hcd BetBioll éirb, MR ind@l o464 coRIMRbLNSHvRd AlRREROMhE N bore 40
until the m&*terlngl time has elgégsed Once netered thru, the inner string 16
P

conti nues upwa?t HEPEAG! tHEe #blo epang dbeyebes 40 dpowayaié mexemeit expand above

bore 40. DownyAafdeMOMENEO LI LHREr 354 wgu&&t JithoMBe D WMLARE i#54 tO
interact with bore 40 resulting in_triangular conponents 240 and 246 to

advance to a paulpiospngongrs délhped34aiosadvaggentert Posiiont ¢fi %) gegirees typical |y

circul ate posi,ti | l,,punped. Upon
conpl eti ng thgﬂggir}%/@%m%ﬁ%? g pry&e&ﬂirc;era%leﬁﬁ é%@ﬁg@%lﬁﬁﬂlﬁgg pul | ed

upwar d. Val vebd4eaghed aahtg@avebouepdd t Oppr cdupletisgndichgravelopampiop of 236

allow ng tri a&%‘ééﬁ? @ﬁ%ﬁ%@g%%ﬁﬂ?gﬁ%t@é@r& al@% F‘é}ﬁ’ %gie 40732 to close.

To reiterate, eac ing Tnteractron o 254 with
respecti ve shpwdderaoter tmmuenwzm dﬂlwd@tranmard@grpeﬁntsoz@tandd%)f j -slot

sl eeve 236. Suc eSS|ve in ions. of . t he shou shoul der
252 or shoul dgr b HE % nlaseanﬁ relter te eac oarltg 3?)“‘(”\/\/}ntteﬁacktl ptgsm ng
conpletely t hsm)udmr asz apxl QM&ethadsbetm@nﬂiouH&sdegjo&em ekatitsns 90f | - sl ot

sl eeve 236. course. the bgl | 232 E%)J;ASP ened after ge'hng cl osed as
descri bed abox‘}"egr%%/r%ﬂ?ﬂu g Ro tiegs: e V%é’%ﬁfa?t}ﬂn&? H'%6F8°40 get the
flats 242 andsiABleflibsal dhgimaet 22 oMhaider 25% tyhiesipg bilPeddkh bt abes the bal |
232 back to the open position. [0045]Wen the inner string 16 is pulled out
the sleeve 11¥pYPas@esAmalekduthrsdi PetdErdrirddgtoRalP Y et LOHF ¢ ed

posi tion. Itsofngbdeed mbfﬁéo&@ﬂhé BHIEI32%8% MEoRBePal®eBLinDOILRIfOr a
subsequent prod]uctl on string (not shown). Referring to FIG 8] a series of

shifting col | 8¢ssribegabrys/y Rihingwbwddes Bp# Prokglosmghiongh barsd0gadthe downhol e
shifting shoukgena?afs 24NeRaifRE AWREN Shé ISR 230 rotates the ball 232

back to the open position.

[0045]  When the inner string 16 is pulled out the sleeve 114 will be
unlocked, shifted and locked in its shifted position. Its inside diameter can
later serve as a seal bore for a subsequent production string (not shown).
Referring to FIG. 8j a series of shifting collets 252 have an uphole shifting
shoulder 255 and a downhole shifting shoulder 257. When the inner string 16
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cones uphol e the shoul der 255 will grab shoul der 258 of sl eeve 260 shown in
FIG 8e and carry sleeve 260 off of trapped collet 116 thus rel easing

sl eeve 1MMoto1wmesmouphol e. Sl eeve 260 will be carried upcChyustée/ouesner
string 16 until it bunps collet finger 266 at which point the sleeve 114
noves in tandemw th the inner string 16 until collet fingers 266 engage
groove 268. At this point the collet fingers 266 deflect sufficiently to

al | ow sl eeve gﬁgestu%h&@%ﬁa supslesr z@glvdlﬁgraklsﬂgﬁ&era.%of SH&E'260 Wnghops when it
contacts shoul der | ocki ng_sl eeve 114 in place. Since sleeve 114 is

attached to pbKi-e asaye SQQVE\/MS‘EH Poparasd collr4 116 thstreleasingr d¢aved and i s
free to nove ypy t%'r{% gﬁh&é“s@é’\‘/gzwwm bd ¢ a[ﬁ??/cpu\gl:grth@ @f@tﬂ‘ﬁg{ibéﬁﬁ‘we 260
until collets 266 roove 269 to a | eeve 260 to go over collets
266 and shoul dé)pmzswlbbﬁm@r é@ﬁsfé wmmosﬂtélmﬁéee%blmo‘teh@iandﬁ@rwghru ng 16

t of t At
this tine of eluamtoafng fFuii O BB Eerblt sy Vs HAREROBPRLY L PR 5
producti on st rollegficgems 2f® dﬂkmtmﬁbn@m@KeaHQBsmﬂwﬁwﬂdmpﬁsmmthththe screens
(not shown) an tQ gu%ﬁmve?apqgég&h18g%8§6&g df ?ﬁ%ﬂoﬁ% above descri bed

movenents can be reversed & Tner string 16
is | owered soIIMHumahoGhdembaﬁiuengm@&haﬁhthdﬁﬂa%@&OaﬂmséE@mdeGO to pul

sl eeve 260 of f collets ve 114 h it, the sleeve with ports
30 i 11 get peehiaSbmaRitt i it Bre B Sotre o rni e ateiSate % et sl aeve
260 can go ovehddéthenhandvs Izauhﬁﬂrcoﬁéimmlamelueg@evé rzsamsaubez\/ﬂeewo | eavi ng

the sl eeve 11 ocked in the it was in for nin as shown in
FIG 8e. S eeé@d P1E VT Pl 9P andgtiop %ﬁ@g‘é&%& YV FB‘ﬁgst b [0046]

Ref erring nowidngr fhif3516 koh@ds but th@le HARETER 1PAS] ddeOH 115 irS HRWese&ONMpar i ng

FIG 11 to FIG 8 it can be seen that there are several differences. As
seen in FIG Ppgion B thgfime glpeypa b4 wililackopprs 4 from gheppnagles 34 sehear pin 124
as the shiftipg afprsR@tion I8ndlchPWS 1ﬁtlaech<f: |p§<9<@€r18 thqsr&fac& k}f;@@gh thbe packer 18
has been set with pressure agai nst the | anded bal th the packer 18
set the work Stednpgnalshgivekand)fhrqush they r@éﬂfkeétlﬁutﬁgh%@éwl 171161@90&9 shown in
FIG 118 SUCholifly hienTikch BE LI RBeFId GthFoli B0 VA ¥euRbiRgpRROWN In FIG
11c now has its collets 50 sitting on pac upper sub 72 where
formerly duri siging déis Ilnweleé s¢ diat goulger Zﬁeengwe’s shaubder A oi slee@BPon val ve 26
sat during ru d on the

i nner assenblg)@gléﬁéégggﬁﬁ] (th%2?%@?%%%9%&?@%wgnghb%E%W?gﬁﬁrn path 138
is closed. Thpets 2bivit eg ubleduprer untdeniidtud1égo @Isegrdélvéiﬂz)so fiaom t he
screens (not at the formti b p-slot 96
allows for al t%er el qovcgn;)gé)s?vfr (t:)hr?lmn%n o?hosea@%tfalbeﬁ?%‘w %8?& Sgeefﬁg6+)or t he
squeeze positkﬂnngmm:ﬂaﬁ@assumnmddmthﬁs&M@mgummut&hsmnﬁﬁosnnnaﬁ of seal 52

b b ts 1 | ternat f f the i
ctring 16, ThapRdreTant e au o B Rk M hoa ned 1 1 thore 1o

fluid loss into [onp]f om@éﬂl@gln@@ td EFKEStlh@]Ul}h@%IjueafH'lpﬂsltﬁ)n5§sWh qui ckly be
cl osed. This can be done w thout having to operate the | ow bottom hole

pressure baIICQ@PVEQJﬂGmﬁ}EﬂﬂﬁbéﬂémPﬁﬁﬁa?ngéﬁﬁ%ﬁFSﬁﬁﬁﬂﬂ&*ﬁﬂvﬁhents Wi |

not swab the fQk&mLtih PIG.age ROSA 4870 1 BdEIHERBNMIS bAlaRinFBklAr phtibg f | ow
comuni cation to the upper annulus 56 while fluid loss to the formation can

be dealt with?jheshigingnfspatdds plgvcihe daprer ildh Qdrsee TrePasksi$ hap t he cl osed
position by sgtd s@QleQEst\Met falrbenk 12081 3648, NMven e LR ABSE ROSI L ON.
[0047] It should al so be noted that the internal gravel exit ports 30 are
now wel | abov&otkhgriag i dipisls sp desvianarisiringhesserntly t16 &b Ishovyt Bekiéd llhem to al | ow
the packer 18.(Q i t&%umﬂah &1§cu§aﬁ8ﬂ‘@ 1b@ﬁfhs(§how'n'19m AR ndgWe In FIG 3
and FIG 1 if, the netering dogs of e netering device 38 are in bore
40 as is the negﬂbmdﬂhﬂmngosémImdwmungm@@7bs®emﬂmemmCEhm%nmum FIG iii.
The | ow botto i 0 wll stay
t here when shlmfep ? % gf &‘g%ult?fl ﬁe scuégé%’ogl \éh?; % Sla%lﬁmlg%ﬁ gns?%tslhg‘rxfg of FIGS. 3
and 4. [ OOAHp. Bb QVith 2hej \se1ghtr$ed downtan thé Ganeﬂ.élsse/mlﬂjm 16 Iti@ wali 72 idi f f erence
being that th -sl ot ts sle eves erent position
arter ot oki ng il 48 of HhT adtER s Shehd TP oGS 2ot hat ¢ ne
seal 52 is above the ports 106 opening a return path 138 through the ports
106 to the upper annulus 56. This is $hown in FIG 12c-d. The established
circulation path is down the inner string 16 through passage 82 and out
ports 30 and then ports 20 to the outer annulus 22 foll owed by going

t hrough the screens (not shown) and then back up the inner string 16 to
passage 138 and through ports 106 and into the upper annulus 56. It should
al so be noted that the squeeze position of FIG 11 can be returned to from
the FI G 12 C|rculat|on p05|t|on by S|nply plcklng up the |nner strlng 16
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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

t hat bri mnge 28tioaBskers 95 and 97 together that seal 52 npeeaspasit4gsests 106.
This is a very short distance preferably under a few inches. Wen this
happens the upper annulus 56 is in fluid comunication with the | ower
annul us 22 before the inner string 16 picks up housing 134 of the

hul ti-acting ﬁﬁﬂuﬁﬂ'%tds@“FKﬁ'%%r&I@t&néére%ﬁ'se(r%ﬂ%W% et foRHARAr 4§ i ncl uding
the netering assenbly 38, the reciprocating set down device 42 and the | ow
bot t om hol e pPEsEed bplorg thegtsies Msalonis| for aliemating posiipningapf sl 8kent of t he
sl eeves 98 angelg'@%o}% 10wt R Q e%&ﬁ%n%ﬂ@f&*&?suﬁl HOPIERL cikdutgpPOr ts nmoving
at all is a |ost tion featu to expose the upper annufus 56 to the | ower
annul us 22 bepeniteont dfesciidAkbabig @H@@e ipare 106 on lxgnad6 pivkuesndieedoshoul ders 95
and. o7 enoage sl RANEE e s IR shahAH hiaol A bk 00ELy ShElng, assenbly 16
begi ns to nove, the upper an £81's alrea Al Catl Ing wth the

| ower annulusﬂzmﬂ¢mfhmbbeﬂnmSMabeMQmsaﬂelﬂwspmmams&sﬁ%kvn@@damd the
connected sl egeves 9 nd 100 are w5 e. of bein pra tp.,swtch

bet ween t he sguegzépgﬁﬁcmn cﬁ tﬁ%%???ﬁ%ﬁ W't o %ﬁlngﬁyﬁe i nner
string 16 beIpmmﬁM@bﬂnbﬂw>ethhmgrmmnguhamm&mumahmhomﬁmamdmnmswmousing 134.
In that way it is ys easy to know which of those t siLtions the
hosentl y 5 | ROV RPREY e i, PRy ey Pt ARG 8ben: ng up ¢ he
upper annulu5c&ﬁmbﬁ5@%ﬁt@uwhm@edﬁmumpﬁe&mp@ﬂhwqa$abtmh&nhmmﬁnmﬁtring 16 and

havi ng the further adyant ui ckly closing off the upper annulus 56 if
there is a suéﬁ@ﬁa?ﬂ’ ‘Egémﬁ%aal @HHBPméHNﬁ?GQ being,ip de ﬁ%@@ a short

pi ckup and sepog@inby §ettH'gQ10WH|v¢1!h tﬁ@}sla@6thqu&ra&dr@rposﬁablve 26 was in the
circulate position at the time of the onset of the fluid loss. This is to

be contrasted wilOMHri Jt sheuliadiecerneied ths dhy ingnal eyg) €xit 8oL he entire

inner string ﬁ@@%umlaxo&eqh@aﬁmgasléeb@ 154191%@1%%11%@ biotktdah&n angliemer se
positions forcing novenent of several ore a port is brought into

position to cﬁﬁﬁﬁml%ﬁl@f%ﬁéHWbﬁéhO%mﬁuFﬁgiﬂédﬁhéSN@W@ﬂnéﬂﬁuﬁwédand in the
meantime the I ﬁ&?&@ he entire

i nner string 3?%#152§H§§? to tﬁg7ﬂ§@'@gweﬁ %d&?oogﬂ??ﬁﬂﬁﬁ%fy%g&the i nner
string 16 has&be@nmpmnMQdeU@nmbdg@mzﬁh@ﬂ@yd&@hﬂ@xunFmbﬂﬂsTﬁﬁl@mt of the
packer upper . e V, he string 16
is reached mhéﬁﬁm%%ﬂﬁéﬁé$@%§ﬂh§§§‘%?5%§§ J%? ?6%§%&%&& F§J65186 as shown
in FIG 13f- gslafmig@eﬁwesm}hpsqdeezferandwhcu@@pds?tﬁ)nanﬁFIGS83 arAt4t his time the

reci procating s wn vice 42.sho FI 13i ut of .bore 40 so

t hat when wei ght P@setﬁﬁo%lsosﬁmtﬂﬁr tomﬁgem 1&‘: trtllﬁ I?Laén 31# eé(?nC%e?lP% ng to the
FI G 13 posit inanthandlon9é phivweeved 9Blacd 10@in a tiiferdnt pwedonsifeppi2Ridgwi | | | and on
shoul der 226 whic np 228 behind .shoul der 2 rap shoul der
218"t o' shoal abb 5hs Vs RS witen Brnig e dRoRdr B 5 PaTsiEker 16 ae
stat ed bef or ethetgogs 1106 iopédgah IrdEt@rnS[ﬁth dmfd@mtﬁ@p&% Tostoand uppedt assenbly
220 shown in FIG 13h that will allow it to co|lapse past shoul der 219
sinmply by pi cREMgSRS: 8??1%ﬂK@WdBﬁH@rl%i@r%ﬁd”@%%%?%@“?ﬁ%ﬁPiﬁéﬁk down agai n.
By executing tben IRLifkdr BEin@AG AL AL @2l 36! Sis SO hdaydrgul i c f1uid
fromreservoir 190 shown in FIG 13g the | ow bottom hol e pressure bal

val ve 44 is péf[ehe oreouyhlvpd? éollweg Ry eoing thigygh Be saresds Gt govm G 13j .

Pul I'ing val ve,ghnaD6RKk &I%{Qﬁhrl@f?fng 16% %é&ﬁa@% 138 §nd MRJugh perdt108Qngegr ees but
flats 242 and 248 in FIGS. 10a-b are s fset. Going back down all the
way t hrough bam;tha@lpmrlanmrl%iﬁ fit Sihﬂuléﬁbplbém@@ﬂd'é@eé@uqemBﬂSit@n o6f the j-slot
234 with the @ty &ﬂ%ear@tqm%é?o Sf?rdn!l 'thebﬁ'd'Qz%ﬁEul&fonaﬂds&Bﬁr%gtsmgﬁ]Q the valve
44 is still open. However, picking up the inner string 1 get valve 44
t hrough bore n@haguhﬂwdmﬁvwnnmﬂ6hmb%ﬁggﬂnh%mﬁgansngﬂﬂadw\@ﬂ&h@o cl ose the
val ve 44. Val h bore 40
enough to off}éﬂgl tl% tl%g? rgﬁatlogli%? %‘ XSAA%Q%% ?ﬁ %hg m@fe?% é‘g égz%power t he

val ve to opencaigsi §0. Tlﬁﬁ)‘jsl]sfghéwmnlm de\fefaérremm bﬁltst/\ﬁ&nsaﬁie@ndlmg and 14 is
in FIG 13i conp taorne i}' | baf %ﬁrcrc S gs anIgi 14i wei ght
has been set BGWH"af't" ?kaF{F Ay 3ﬁlu 5 %%? dBGS M7 85t o shoul der
186 and setting down again mﬁthout nmet eri ng t hough, which neans w t hout
lifting valve 44 through bore 40 all the way. FIG 14f shows the dogs 170
after setting down and away fromtheir stop shoulder 186. FIG 14i shows

t he hunp 228 backi ng the 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 details
of const rwotzowrn2sssd t he arrangenment of conponents wi t hoRCTadsp@oikesge f r om
the spirit and scope of this disclosure. It is understood that the
invention is not limted to the exenplified enbodi nents set forth herein
but is to be limted only by the scope of the attached clains, including

the full ran9@pAgbfsedefaqjay@de%@ﬁythapre&m}e@ham&ghateakﬁn? QAfscleRabefbnd Srentitled.
W claim 1. wel | treatnent nmethod for squeezing and gravel packing,

conprising;  those pmpRsiigns rausimeoame rdogisia sty wekal leomoperslegitian packer, an
outer string ﬁ&éppé%h%’deﬁymfw d BagkE ofltd Slx/?caq{l%%?ti\xg%ﬁtcir&ﬁﬂétan@ne screen

and further conprising at |east one outer exit etween sal d packer and
sai d screen; squeezesalgpprsts ng daegied obalosing dles wbbgitoni hole pressuradall st ri ng

assembly for yn. M‘g&"’{ﬁﬁ{ ek REnd ROELE s%}aﬁﬁiﬂg@)?}{?c ilrg%ilp% Zlgiopthteqﬁ&rSUppor ted on

a running string an e Inner string ass S a crossover too
to sel ecti vel yriag 16wingpravralesigns fhasmcertuingy @h attdieing nime corgter loggticand out t owar d

said outer eXit.QOEt Rf said put?r.assenbé¥ %Atp returns &Qnin t hr ough

. m&mg/ Od‘ the reverse s cp.a ¥ e% cause nadvertent release of F.WaS .
said screen an al d Crossover too 0 an upper annulus derined above said
packer and ar pipndalsaickhe vlosidpgsision bevguse the sheaahdchagsis doldinpacdpen t o i sol at e

a zone in a wellbore for said sc egn fromsaid Ufgeﬁ ann&l s and define a
| over annul us}*® nomaéléfﬁeh‘%eﬁ%aut %&%‘Y%B%P‘f‘is%}?e QU SPUY T hid into the
wel | bor e througbves@htty. | Wher them abpied awie padtl @sgnPasithdt osubwaedre gravel is
deposited in sajd | ower annulus and returns cone throygh said screen and
past said pacR@kngﬁp FH3Hﬁﬁé?“%hﬁﬁwﬁgigﬁdW%LfﬁW@#§@1g%%WS?Hﬁghhere grave

in said inner el WG ADAYRirs@htbnCEABSAY@In 6RRINE 2 RY kS BRI O the
surface, by relative novenent of at [east a portion of said inner string

with respect FiEussion valieRerthe squeezegoglipyPhgud-artshcigiysionveine 2k open wash
pi pe val ve adiacsnfuikly QRmeBNE Bfosdh dediNfE itk trbdphd BRATR0Y w0

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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I sol ating said upper annulus fromsaid | ower annulus in said reverse

position with without closing said wash pi pe val ve.

2. The nethod of claim

1, conpriworng11/028559 |ifting said crossover above said paciras2ti0/0uesos at e
fluid in said running string fromsaid | ower annulus in said reverse

position. 3. The nethod of claim2, conprising:

cl osing sai d upper

annulus to said inner string assenbly above said packer with a ported val ve

assenmbly. WO 5&%&%@%&%@&3@@@8%@% Q4 déi@béowTﬁ@mHﬁtJ&QHg Gfcuidhm 3,

conpri sing erating sald porte

val ve assenbly

etween an open and a

cl osed p05|t|MHV%Fgﬁﬁhﬁ1ﬁﬁ&ﬂ&§3%aﬁ@h%ﬁﬁﬁlbﬁﬂbWV&PvﬁtOSW“Wﬁ@whéfhod of claim

41

conpri st NQghose 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 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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| andi ng a reciprocating set down device on a shoul der on said outer
assenbly to support said inner string assenbly including a housing of said
ported vavoeonsgresml y; mani pul ating, with said ruun®RCE@Se10i0meF76 a

sl eeve assenbly |ocated within said housing of said ported val ve assenbly
relatively to said now stationary housing of said ported valve assenbly to
sel ectively open or close a passage through said housing. 6. The nethod of

claim5, comppicRin@ap the inner YinPd6 KL SALE ad bRk WBredh B4 feWa Movenent s of
said running string to selectively open and close said passage. 7. The

met hod of cl arlgngthe ElaPdR sind @48 to Closq the aplyg 4d.aY Ve fewebouipepimsily at

di fferent positi ¥$ﬁj 1 QS A pi cki ng up
and setting dga%qgéi r%ﬁﬁﬁﬁgﬁ%Péﬁaﬁg%ggghe ﬁ%gﬁggh%%@%ﬁgﬁﬁﬁgé conpri si ng:
usi ng a j - sl othabspsiogBB8 canaowerthe sdivdiohpesigin. and sai d sl eeve assenbly to

ﬂghg nm ne the | %95139 pﬁ%io%ﬁgf@i{@fen%ﬁéiw@éneﬁﬁt%d% SGAkYis gﬂ i rpgpect to said
g on successive cycles of picking up and Setting down said running
string. 9. Theommprdiow €. ¢4ialm &iffeoermisitst myFIG. 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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providing a port on said housing | ocated uphol e of an external seal
housing to seal against said packer; provi ding a sl eeve assenbly seal

on an extwoiori/essshace of said sl eeve assenbly that

I S PeElrasevmkes7c

on said

positi oned on opposed sides of said housing port. 10. The nethod of claim
9, conprising: di sposing said sl eeve assenbly seal in a passage
bet ween sai d sl eeve assenbly and sai d housi ng; conmunicating said housing
port with sai yppeFf annul us; communi cating said passage to said | ower

annulus. WO 2011/ 028559PCT/ US2010/ 046576 11. The net hod of clai m 10,
conpri si ng: 1. A well treatment method for squeezing and gravel packing,

comprising;

running in an outer assembly that comprises a packer, an outer string

supported by said packer and leading to at least one screen and further

comprising at least one outer exit port between said packer and said screen;

supporting said outer assembly with an inner string assembly for run in

where the inner string assembly is in turn supported on a running string and

the inner string assembly comprises a crossover tool to selectively allow

gravel to pass through the inner string and out toward said outer exit port of

said outer assembly with returns coming through said screen and said

crossover tool to an upper annulus defined above said packer and around said

running string;

setting said packer to isolate a zone in a wellbore for said screen from

said upper annulus and define a lower annulus;

defining a squeeze position for forcing fluid into the wellbore through

said lower annulus, a circulate position where gravel is deposited in said lower

annulus and returns come through said screen and past said packer to said

upper annulus and a reverse position where gravel in said inner string above

said crossover can be reversed out to the surface, by relative movement of at

least a portion of said inner string with respect to said packer;

providing a wash pipe with an open wash pipe valve adjacent a lower

end of said inner string assembly;

isolating said upper annulus from said lower annulus in said reverse

position with without closing said wash pipe valve.

2. The method of claim 1, comprising:

lifting said crossover above said packer to isolate fluid in said running

string from said lower annulus in said reverse position.

3. The method of claim 2, comprising:

closing said upper annulus to said inner string assembly above said

packer with a ported valve assembly.

19



bl ocki ng sai d passage when said sl eeve assenbly seal is bel ow said housing
port; openi ng said passage when said sl eeve assenbly seal is above
sai d houswogopeonrsssel2. The nethod of claim 11, conprisi RGT/US2010/08&761 NY
said sl eeve assenbly to lift said inner string assenbly when said inner
string assenbly is in said circulate position to a | ocation where said
crossover is above said packer; thereafter setting down on said

running string to fiandeddi & IBaiPERGRLIngY set down device on said shoul der
in said outer assenbly and to nove said sl eeve assenbly seal bel ow said

housi ng openi ng t ooleEgnasadPertad ypipe rssamhlyl kegweenn opsa apdaHderedf claim 1,
conpri si ng: itidnBGAHoL NGviAPL& Lhanik JaRkce applied to said wash pipe

valve in a siﬁa?éngﬁrgcf?oﬁ&?élcﬁosgmghfg%wash pi pe val ve. 14. The net hod
of claim 13, &onpriksimehod of claimgvéamprisaigd wash pi pe val ve in two opposed

directions before ﬁﬁl&igg %@J}pr&awﬁg \égtl a/o%vnc(?&ic%lo%sae shoulder on said outer

assembly to support said inner string assembly including a housing of said
ported valve assembly;

manipulating, with said running string, a sleeve assembly located
within said housing of said ported valve assembly relatively to said now
stationary housing of said ported valve assembly to selectively open or close a
passage through said housing.
6. The method of claim S, comprising:

using sequential pickup and set down movements of said running
string to selectively open and close said passage.
7. The method of claim 6, comprising:

landing said sleeve assembly at different positions with respect to said
housing with cycles of picking up and setting down said running string.
8. The method of claim 7, comprising:

using a j-slot assembly between said housing and said sleeve assembly
to determine the landing position of said sleeve assembly with respect to said
housing on successive cycles of picking up and setting down said running
string.
0. The method of claim 8, comprising:

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

providing a sleeve assembly seal on an exterior surface of said sleeve
assembly that is selectively positioned on opposed sides of said housing port.
10. The method of claim 9, comprising:

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

communicating said housing port with said upper annulus;

communicating said passage to said lower annulus.
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15. The net hod of claim 14, conprising: novi ng said wash pipe valve in
three discrete novenents with one of said novenents in an opposite
di recti orwohan/ks9ot her two novenents before it wll clrasais2aié/0468he net hod

of claim 13, conprising: pul ling said wash pi pe val ve through a spaced
apart end of a restricted bore in said outer assenbly before said wash pipe
val ve can close. 17. The nethod of claim 13, conprising: encountering

resistance tojgan i thdh@hodBVEHBND, Rfnpsiding Wash pi pe valve as said wash pipe
val ve reaches a restricted bore in said outer asseanY: 18. The net hod of
i

claim 17, conpri sillgeking said pyssreeomicngaisiaslerve assegbhintal i helpvastdidrce at a
first predetepgsngdolevel applied through said running string to said wash

pi pe val ve.
opening said passage when said sleeve assembly seal is above said

housing port.
12. The method of claim 11, comprising:

raising said sleeve assembly to lift said inner string assembly when
said inner string assembly is in said circulate position to a location where said
crossover is above said packer;

thereafter setting down on said running string to land said reciprocating
set down device on said shoulder in said outer assembly and to move said
sleeve assembly seal below said housing opening to isolate said upper annulus.
13. The method of claim 1, comprising:

requiring more than a force applied to said wash pipe valve in a single
direction to close said wash pipe valve.
14. The method of claim 13, comprising:

moving said wash pipe valve in two opposed directions before said
wash pipe valve can close.
15. The method of claim 14, comprising:

moving said wash pipe valve in three discrete movements with one of
said movements in an opposite direction than the other two movements before
it will close.
16. The method of claim 13, comprising:

pulling said wash pipe valve through a spaced apart end of a restricted
bore in said outer assembly before said wash pipe valve can close.
17. The method of claim 13, comprising:

encountering resistance to an initial movement of said wash pipe valve
as said wash pipe valve reaches a restricted bore in said outer assembly.
18. The method of claim 17, comprising:

overcoming said resistance with a force at a first predetermined level

applied through said running string to said wash pipe valve.
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WO 2011/ 028559PCT/ US2010/ 046576 19. The nethod of claim 18, conprising:
overcom ng said resistance with a force at a second predeterm ned | evel

hi gher t o 2emi/dsdsor st predeterm ned |level if said washpprps2vmaloves7é ails to
advance through said restricted bore when said first predeterm ned | evel of
force is applied. 20. The nethod of claim 16, conprising: pushi ng said
val ve assenbly fully through said restricted bore after said pulling said

val ve assenbl yq f ul {1 hhhQuaR1dhags@ipribase before said val ve assenbly can
close. 21. The nethod of claim 20, conprising: pul ling said val ve

assenbly at |east Prqoavne pad gesitinge megt # fgeedt Borendfrredetsmingd pushi ng sai d
val ve assemdl y. i g hatt 3Lifl k€ BloibElffeOl & A&l &n e aMRlME §Ssemdly can

cl ose.
advance through said restricted bore when said first predetermined level of

force is applied.
20. The method of claim 16, comprising:

pushing said valve assembly fully through said restricted bore after
said pulling said valve assembly fully through the same bore before said valve
assembly can close.
21. The method of claim 20, 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.

22



