WD 2006/ 009719 PCT/ US2005/ 021069 SYSTEM AND METHOD FOR FRACTURI NG AND
GRAVEL PACKI NG A BOREHOLE REFERENCE TO RELATED APPLI CATI ONS The present
appl i cat iwo 20écziopE9t he benefit of U.S. Patent Applicati eaTNs2005H21009 871, 929
which was filed on June 18, 2004. TECHNI CAL FIELD This invention relates to
conmpleting a well in an earth formation, and nore particularly to a system
and nethod for fracturing the earth formati on and gravel packing the well
borehol e. 10 BACKGROUND Fracturing and gravel packing a borehol e using
conventi onal syst engyiaging hh MEHHOB KO FRRTTURIARS AR gRiaviile borehol e to
~Terove equr pn

pl ace, utilize, and EXanpl g, tne equr piment used in
fracturing, such as a straddl RACKRNG ASRQREHMOLE be run into the borehole,
operated to fracture at a first position in the borehole, noved and 15
operat ed to fracREFERENGHITOREFATEDARMIGAMIONSosi tions in the borehol e,
and then renoved. Thereafter, a production string having a gravel pack
screen and washpilpepreseatamlirarion glapsihe hnstis ofd).§ faplicgiop X¥¢e annul us

bet ween the 1@;8qygiggﬁigﬁwggﬁﬁg@nm18tf®4borehol e is gravel packed. Finally,
t he washpi pe nust renoved fromthe borehole before production can
begin. In each tmm]g gkt of the borehole, the 20 equi pnment nust
travel many thousands of feet. The trips can accunmul ate days and even
weeks onto the tiTHﬁéﬁvTenﬁcﬂK@ﬁteEQ)&ﬁfﬂﬂtﬁgeﬁfehenwédrﬂlf&n’%ahﬁgahﬁhﬁ)reti nMe, costs
accrue as crews and equi nt t be on site to_perform.the operations.
Fur t her nor e Pa]ft’l‘iélarYFOr?esy§tﬁé‘r?PdW%§if9fg}:‘ai°WP8g ﬁﬁ&a%f"%a? tiqnand gEvelhol e del ay's
the tine in \M,lh ht bR welehole be€gi Ns to produce, and thus begins to payback

t he expenses outlfaid in drilling the 25 well. If the time required to
fracturepand gragalCRE@ROUNE borehol e can be reduced, the well may be nore
profitable. One manner to reduce this tinme is to refine the fracturing and
gravel packi ng procasiagsand graved favkingtatberchuletneing obnventignal systems amqdiresut of  t he

borehole. 1 multiple trips in and out of the borehole to place, utilize, and remove equipment. For

example, the equipment used in fracturing, such as a straddle packer system, is be run
into the borehole, operated to fracture at a first position in the borehole, moved and

15  operated to fracture at one or more subsequent positions in the borehole, and then
removed. Thereafter, a production string having a gravel pack screen and washpipe
assembly is run into the borehole, and the annulus between the gravel pack screen and
the borehole is gravel packed. Finally, the washpipe must be removed from the
borehole before production can begin. In each trip into and out of the borehole, the

20  equipment must travel many thousands of feet. The trips can accumulate days and
even weeks onto the time it takes to complete the well. During this time, costs accrue
as crews and equipment must be on site to perform the operations. Furthermore, the
time spent tripping into and out of the borehole delays the time in which the well
begins to produce, and thus begins to payback the expenses outlaid in drilling the

25  well. If the time required to fracture and gravel pack the borehole can be reduced, the
well may be more profitable. One manner to reduce this time is to refine the
fracturing and gravel packing processes to reduce the number of trips into and out of

the borehole.



WD 21)1)611)1)9719 PCT/US211115 /0 21 0 6 9 Accordingly, there is a need
for a system and nethod of fracturing and gravel packing a well that

requi r es wonreduwedInunber of trips into and out of the poraisedos02108MVARY
The present invention enconpasses a systemand nmethod for fracturing and 5
gravel packing a borehole that can require as few as one trip into and one
trip out of the well. One illustrative inplenentation is drawn to a system
for fracturing an earth formation surrounding a borehole. The system

i ncl udes a conduitcadiaglyciert dra feest &t a syviern ahd methotof fractuning lbod gavile. A flow
assenbly is j i ﬁgﬁi)ég J he fl ow
assenbl y anggélér?]ﬁ aﬂ\s%} {hg{re@ﬁ}e'? ﬁtééd\égérﬁl}l}n 't%elgn 2&(16\%%% g&tﬁgeﬁgﬁog'ssenbl y and
an annul us betmgﬂMﬂa%qunduit and the borehole. At |east one ported sub
is coupled to the conduit and has at |east one substantially |ateral
aperture thereifihe Jh@npMbsiian thadhpisskad §5@m AR fckidt For f@dcaﬁlﬁgaﬁdﬂ to

communi cate fluids wthin the conduit into the baorehole to fracture the
eart h f oBmaterayal papkisg pbershele that sangegyie ay fewmsione Biviato 2pd ges tWpioRtPfassenbl y i s
insertabl e igp.fhe interior of the ported sub. The internal fracturing

assenbly is adapted to conmunicate an interior of the internal fracturing

assenbly to one @fe ARERARE ithPBmbRtRINES dBRR K 4§88 m ONRAIRIng dnlehi®f r ati ve

i mpl ementation is drawn _to a nethod of fracturing and gravel packing a

bor ehol e i n fermation sroppdingit peyahols. nTherpustera insbilena eqdpit adapisd ferfiieg i s 20
posi tioned il B AR torenblte A%wagémag isSHbVild PRsiktivdipast one filter
assenbl y adapteg to filter entry of particulate froman exterior of the
conpl et i ®n spmimgicatingdetween thetflorw aspengily andeandataporef ithgreonduii ang bafgemt | east
one fracturi I i i o) at | east
one filter élgeg%oﬁg%e@?}%@/ﬁlea@ﬁﬁgPé&g]e%lzb%%nﬁm{t Ileéﬁjgié\&nglfcg%'ikoﬂgﬁ Ir)plfneng and the
bor ehol e. Tipertebsublis foupledta e cosluft padhasreldaspordsubstentatly laastap@Birone
fracturing b.. FlLuids are duced. f { ; j.on.through the
conpl et 1 on, SPGB ALRY G EP A 8 TG b BRI RIBRE T TF o
of fracturi rgnduit intedlict tordhoterta fiacnre ticanoth dormgtivo A hbstaptidllgdybutar conpl et i on

tring i it i -ehol e . A | t th e
SUTTNG |5 POSLLLONCD L0 8 BOk el Bl LS, 6850 Ll 1Rl et on

internal fracturing assembly is adapted to communicate an interior of the internal

fracturing assembly to one or more of the lateral apertures.

Another illustrative implementation is drawn to a method of fracturing and

gravel packing a borehole in an earth formation. In the method a completion string is
20  positioned in a borehole. The completion string has at least one filter assembly

adapted to filter entry of particulate from an exterior of the completion string into an

interior of the completion string and at least one fracturing sub. A gravel packing

slurry is flowed around the at least one filter assembly into the annulus between the

completion string and the borehole. The earth formation is fractured with the at least
25  one fracturing sub. Fluids are produced from the earth formation through the

completion string.

Another illustrative implementation is drawn to a method of fracturing an
earth formation. According to the method, a completion string is positioned in a
borehole. An annulus between the completion string and the borehole is gravel

30 packed. Fluids are produced from the earth formation through the completion string.
2



30 packed. Fluids are produced fromthe earth formation through the
conpletion string. 2 WD 21)1)611)1)9719 PCT/US2 0115/0 21 0 6 9

Pr oduct i omoaboddorilids fromthe earth formation i s ceasedPCWush@s210690Vi Ng
the conpletion string, the earth formation is fractured. The details of
one or nore inplenentations of the invention are set forth in the
acconpanyi ng drawi ngs and the description below. Oher features, objects,
and 5 advantages of the invention will be apparent fromthe description and
drawi ngs, aRcdutionmf flhids fomi thecartDESCREGTISChisAE DRAVENCSVBIZ the | s a

schematic cr 0SS secgrii Ie egritheflv(\)\;nﬁ%io?% Mclan&.r ative fracturing and gravel

on
packi ng sysf’%rﬁ?Ftrllonzf‘ccn(%’ ance he“invention; 10 FIG 1 Bis a schematic

cross- sectional yhegsdl oPORIdIGord trdiiidrRlibd ol Bl bR the sBM@LANS] Packing
systemin accordance Wt he 1 nverntion 1 ncorporating alternate flow

pat hs; FlI G adGuipsnyangdrogmgsaitthodeatriptionhelow. Other fdajunest obitdtsyend r act uri ng and
gravel acking, system.of Fl G 1B: i [ ross-secti onal
vi ew of an iaﬁll‘faagg%a“tf%em\’/eg Q/newéﬁj(f 2 g%rg I&a 08}21% g S?Stc g%‘ﬁ%%@?ﬁﬁ%’r%gr ation into
t he fract ur ifiog theiclaigrsavel packi ng systemof FIGS. 1A and 1B; FIG 2B is a
schematic cross-sectional view of an alternate illustrative valve and

act uat or suit abl BESGRIPHHX O BRAWINGSR o t he fracturing and gravel packing
system 20 of FIGS. 1A and 1B FIG 3A is a schematic detail of an
illustrative frabliGuta isadshematiciceaseseriipnal fieycafan illgtratiys dpiuging #hdaccor dance
with the in 1.QM:: I k ail of an illustrative
fracture suéﬁﬁg\#ﬁangéygﬁggrﬁa%ﬁ%ﬁ&ngﬁgﬁgﬁg?lﬁ’flgtrﬁ;r?él fracturing assenbly in

accordange W th e BVLRLERRIC cfodsEddBonal dief FaBothGIRbiw fracheg show ng
operation of the 1llustrative fracturin and gravel packing systemof FIG

1 A and FI endgiasel packingesreien dn sacorlgnas st thiiavenfion jpcerpogting alkerude ng and
gravel packiglg, paths;
FIG. 1C is a cross-sectional view of the illustrative fracturing and gravel

packing system of FIG. 1B;

15 FIG. 2A is a schematic cross-sectional view of an illustrative valve and
actuator suitable for incorporation into the fracturing and gravel packing system of

FIGS. 1A and 1B;

FIG. 2B is a schematic cross-sectional view of an alternate illustrative valve
and actuator suitable for incorporation into the fracturing and gravel packing system

20 of FIGS. 1A and 1B

FIG. 3A is a schematic detail of an illustrative fracture sub and internal

fracturing assembly in accordance with the invention;

FIG. 3B is a schematic detail of an illustrative fracture sub having a shear pin

and an internal fracturing assembly in accordance with the invention;

25 FIGS. 4-7 are sequential views showing operation of the illustrative fracturing

and gravel packing system of FIG. 1A; and

FIG. 8 is a schematic cross-sectional view of a fracturing and gravel packing

system gravel packing the borehole without a crossover tool; and

3



system gravel packing the borehole w thout a crossover tool; and 3 WO
21)1)611)1)9719 PCT/US2 0115/0 21 0 6 9 FIG 9 is a schematic
cr oss- secwoanalooyilew of a fracturing and gravel packi ngPsyaisesnsgeree!
packi ng the borehole wi thout a crossover tool or packer system Like
reference synbols in the various drawings indicate |ike elenents. DETAI LED
DESCRIPTION 5 Referring first to FIGS. |A and 1B, a fracturing and gravel
packi ng system 10 in accordance with the invention is depicted residing in
a borehole 12 |nFIéLh9wstchemaftmrcms-s®t10113&Vlem@atﬁ@@@nng and gravelipagkimg casing 16
ext ends down rdfr mthe I i Nto and

r%%qt elfI{chr o?e Or S’%OF‘B%%&% ok ac%@osgﬂ)e

t hrough at Feasn%grave eaves a length of the

borehol e 12 unca t depicted in
FIGS. IA and I B g@‘gée%rg% g‘g@se?lq#%‘éﬂq%lg g‘%ﬁi%? %nggﬁﬁtlﬁ?‘ﬁ%%géﬁ the earth

formation 14, thgpRafeRplIfESERIPANORE SOome point curve, or deviate, to
extend in anot her direction. For exanple, the borehole 12 nay deviate to

extend sybst ant i abfedingmRétit@Pisal Aynd TBE ﬂdcaﬁﬁlghhmgaedlga@ﬁ@/s@bteraaok system
10 includes a substantially tubul ar 15 | ower conpletion conduit or string

20 that is imarepidancetbtheingentipn isdepiied gyl a 2 bBEﬁh@ﬁdFén ety ext end
beyond, or bglQwen {416 &Rctaanl Abukdsdsig 1%@xteﬁ<h@c>‘v&91%fd fr&RemRlsgif@n string 20

|ncludes anong ot her conponents, one or nore fracturing subs 22 nounted

inline betvvé@rﬁSmﬁbﬂllx@mh@tﬂ@délﬁaugh@tkdﬁﬂtpéﬁwp@f theybpesheled2 pidduct i on  of
fluids fro QLo Y52 obdh IIAMEITE L Afnotgh | ) - The
illustrati mleta%s 49 e?ritetﬁe g(t;rflc()dr%esﬁ?& eGg Of) 1B |nncPude dggctl ons of

t ubul ar 19andemoind mdrIGSabé;amﬂll%/amtmuawgﬂcalhlamétr%@tt\ﬂ@elightth%eaﬁﬂlact uring
subs 22. Th I r f ted pipe or
conposi te s%?%lgn%n g%gﬁrea fehogsﬁ?{gl?' ot g&negp%uﬁr??rggteo ?tghag%’ t? Ie)ﬁtlaécp%et ween t he

i nterior andn@hérelirecionofFot dxempkrnidic bomhole 2 mey deridty to Xtendisilistantidllyo

subst anti al thﬁ i er| ng particulate, particularly gravel and sand, from 25
entry into CRE“PH%rior of the | over conpl etion string 20. The il |ustrative
i npl ement ati on of, F, [ F1G 1C
further |ncorporgvkeérac%e%(%l&lﬁ%gg%gﬁsg&%% lgqﬁ?%c%%%sﬁ% untf}tm%s 25 in the
sand 15 lower completion conduit or string 20 that is run-in from the surface through the

borehole 12 to extend beyond, or below, the end of the casing 16. The lower
completion string 20 includes, among other components, one or more fracturing subs
22 mounted inline between other components and is adapted for extended production
of fluids from the borehole 12 (i.e. for use in producing the well). The illustrative

20  implementations of FIGS. 1A and 1B include sections of tubular sand control
assembly 24 mounted inline between the fracturing subs 22. The sand control
assemblies 24 are sections of slotted pipe or composite screens operable to allow
communication of fluid between the interior and exterior of the sand control assembly
24 while also substantially filtering particulate, particularly gravel and sand, from

25  entry into the interior of the lower completion string 20.

The illustrative implementation of FIG. 1B, also depicted in cross section in
FIG. 1C, further incorporates one or more alternate flow or shunt paths 25 in the sand
control assembly 24. The shunt paths 25 are tubular passages that provide an alternate
flow route for fluids, such as gravel packing slurry, through the lower completion

30  string 20. Each shunt path 25 will have one or more exit ports 29 distributed about
4



control assenbly 24. The shunt paths 25 are tubul ar passages that provide
an alternate flowroute for fluids, such as gravel packing slurry, through
t he | owerwoammlmbdiion 30 string 20. Each shunt path 25 wplr/usass/oomnes or nore
exit ports 29 distributed about 4 WD 21)1)611)1)9719 PCT/US2 0115/0 21 0 6
9 the |ower conpletion string 20 to distribute the flowtherein into the
annul us between the borehole 12 and the | ower conpletion string 20. If nore
t han one shunt path 25 is included, the shunt paths 25 may be of varying

| ength to sthepdwercbmpldtiorostang 30eto distribupedhe flow sheadin inkrethp apmslusdeihyseet i on
string 20. The shut : r %Eg%@ﬁﬂ] of a

mul ti-| ayer%ggpggﬁheégg}é&r:%’lego%g? grﬁ@?t é‘;r“:g?‘ﬁ{ agglflﬁgrtegh%l . I,&ﬁég%gg %B, t he
fracturing schded® 2he shentywiath 2Hmay Hestvartiegllength hosupplydiuid fo difédrent, operate to

selectively create fractures.i.n the rt.h .. f.or L . r ing the
bor ehol e lzp%mﬁnsaogﬁlbeslf"fv?rncﬁmﬁgﬁl 4 %%IP%?@ fr}]aetsglrltlpﬁ@bgwgigérﬁpﬁjog%edgsand or
man- mades pr egpad layeas €ffd rablii-layer tdienfassaibly2s to keep the 1o fractures from
closing. A fracturing sub 22 can be provided in the | ower conpletion

stlri ng 20f at eacRefdemizrgdn pAIGSI bhawf 1B, tecfraghirmg subsi22aas vlldengl e point i f
only one fragcture. position is desired. .The.il]| rafi | pl ement ati ons of
FIGS. 1 Aa ESCT‘%’%éP °f%‘5>eﬁaf1{]”g°ﬁj°rweap?}€i‘t{3 ?10 e ggel ?rgéé%ﬁ?%ﬂgey@l}gs to fracture
the formati @imbtior 1 ®eopkng thobaehdid 12 fid depdsititgpatticulateimapéraatent at i on of

FI GS. 1A, 1B, .apd 4-6, a.packer stem_ 15 26 .and crossqver tool 28 are

al so provi d&@iafly grded sand ﬁrem%%é@%WPtéP%%ﬁslwq}%ﬁ“ 75 10 FR tl%acker system
26 an be fﬁa&g%ﬁ goﬁlrogjmigr Nfﬂicﬁ@ih@'étﬂﬂzz\ltiahibﬁ proided Eﬁtﬁéﬂb&v’er tanplet?B. The
packer system is adapted to. conpect . with a working.string,27 that is
run-in %lroﬁﬁﬂpﬁéoé‘iﬁaf?%@p!re 40P O HREVIEEAPT 314 S {g,pgw?fog@oggga&tpgvi ded on
the exteri oboGfiori98esiB@CKRY 118G H R MpfentntltisfisofFUGSIaLaIdE Bi g 0 seal i ng
contact with the interior of the casing 20 16. Wth the sealing el ements 30
act uat ed i neenfigaedivith thisp fraetiring suhs %ané’%@ﬁ%‘ifen@e fgmatiqngn ﬂﬁaecli’@}n"gi/st em 26

t hus substantially seals the annulus 3 en.the | ower . conpl etion
string 20 and th@%%Q‘“ﬁ‘ﬁatllﬁ?‘%@%fpﬂgﬁuoﬂoﬁfﬁf#\Ii\gm/ﬁa"?ﬁ 4'5,6221P?‘i]f§‘ %(%Wents 30
can be agt uakam &odsBl& 1622k hidQ1s6 Provarell itkink M b &vidAbahbltionQiridg®. casi ng 16
in one or nore Vvarious manners of actuating packers, for exar‘ipl e via

wireline, byhesedemivelam 2oanaydeisprarait frem opmiserEcd itk iR GrostPrgel2?, or by
hydraulic i fhl ﬁﬁdk@ﬂﬂ%ystl-ﬂ%di@éﬂ%ﬁted to connect with a working string 27 that is run-in

from the surface. One or more sealing elements 30 are provided on the exterior of the

packer system 26 and are actuatable into sealing contact with the interior of the casing

20  16. With the sealing elements 30 actuated into sealing contact with the casing 16, the
packer system 26 thus substantially seals the annulus 34 between the lower
completion string 20 and the casing 16 against fluid flow. The sealing elements 30
can be actuatable into sealing contact with the interior of the casing 16 in one or more
various manners of actuating packers, for example via wireline, by mechanical

25  manipulation of the working string 27, or by hydraulic inflation. The lower
completion string 20 is configured to position the packer system 26 within the interior
of the casing 16 when the lower completion string 20 is received in the borehole 12.
It will be appreciated by those skilled in the art that additional packer systems 26
actuatable into sealing contact with the borehole 12 may be provided within the lower

30  completion string 20 between one or more sand control assemblies 24 to define

multiple production intervals of the formation 14.
5



conpletion string 20 is configured to position the packer system 26 within
the interior of the casing 16 when the | ower conpletion string 20 is

recei ved wo 200sobapehol e 12. It will be appreciated by trhoams2eisiokioed i n t he
art that additional packer systens 26 actuatable into sealing contact with
t he borehole 12 may be provided within the lower 30 conpletion string 20
bet ween one or nore sand control assenblies 24 to define nmultiple
production intervals of the formation 14. 5 WD 2006/ 009719 PCT/ US2
0115/1121 0 6 9 ThHheossoas swl2s intlsdés x8lertichudessatde b@dr@@tdswby cl oseabl e

| ateral cr 0SsQVer,,passa 2..10 ti. wor ki ng
string 27 t 8% g%geannu ugggﬂl%ca Ié%ﬁmgsoﬁﬁmeﬁgovr\}g?gmkh%?gfl on 1%'1?%49 20 and the
i nterior of betheerbihe &lvar eori@etidnesyrorg®0 aod thebetba,of tHedosbale 1ﬁalnmrorluyot he packer

system 26. e c oss sage 32 can.be 5 actuatabl e e or nore
various nan P’é”t‘f’se& ﬁ‘iﬁ%ﬁ% &}?{%Tt?gﬂ?gof& © ALRNORATEY 2l tcﬁ Qrt, for
exanpl e By a®Ghiaté hidne BRmoRWadabisGRamErs bhsctwatiag dowtold 0ol a?Bnomntih t he

Senl  agai nsthe Habt syl oY PeaTe B TEREORRFTY HE3At Mol arBdBbuer tool 28
further IHCWQ@ﬁg@nng:ipmi Bﬂa%géﬂﬁﬂ&@sﬁﬁﬁg&ﬁﬁulﬁl@MSﬂﬁ@w]hgﬁﬁstng fluids
through the crossover tool to 1o the annul us 35 between the working

string 27 aRessegeeof dyids ingo the amﬁﬂ‘é?%‘ dihg gresoger{q! 28 futher ghidesss f or

communi cat | 'aﬁ)sa{ﬂlé’ﬂegﬁnsa}?ﬁbs‘aéé ¥ fopécﬁﬁ!tﬁﬁhléa!ﬁﬁgiﬂﬁﬁ§ 8RYh thO@bssé®er tdoPP8 teexanpl e,
froman interior of the working strin to an interior of the conpletion

string 20. ﬂmm@w?%‘set‘ﬁ%@sﬁ%‘@@@gémgﬁ iapd the sasinggld. 3Bl melgsable agigt uat ed i n
one or ol nown in the
art, °f or "o Sais R TRRARKGHAL 0REL KAl oo BBt A 28k 1O
crossover tesdm§ figint dn lnwaowfﬁlm \Mgklngtsmng @7 Xyan iffgeior ¢fl theseamptétipn

i npl ement ati on p r tool 28
that is act u%[ égs ‘rﬁ ani c[ah Fslag%%%e (??ﬂ(])ais?) agvggg’{)l ?’Ib%&}largc ﬁﬁ’gx‘g seal i ng
sl eeve 3 | adaype mloummamrqnf@cmamlgbbmh@mtoalsfas ksewipinghe arg for(efir@le,1 A) 20
subst ant j al tera assaq 3 t passage 33
and a seCon hf W&?@?‘? ?rg’ﬁec?‘?—l}lﬁ mﬁﬂupg %nvﬁ%lr’%heoqfr? ? 8 ﬁ%?h’gh :ih%tvgr {%% of the

crossover t@mring28. into the l|ateral crossover passage 32 and allow ng fl ow

t hrough the returns passage 33. The
The illustrative implementation depicted in FIGS. 1A, 1B, and 4-6 is a

crossover tool 28 that is actuated mechanically. The crossover tool 28 includes a
sealing sleeve 31adapted to reciprocate between a first position (FIG. 1A)

20  substantially sealing lateral crossover passage 32 and returns passage 33 and a second
position (FIG. 4) allowing flow from the interior of the crossover tool 28 into the
lateral crossover passage 32 and allowing flow through the returns passage 33. The
sealing sleeve 31 defines a portion of the axial passage 36. The sealing sleeve 31 is
biased into the first position, and is adapted to receive a sealing ball 37 to

25  substantially seal the axial passage 36. Furthermore, the sealing sleeve 31 is adapted
moves from the first position to the second position from the weight of the sealing
ball 37. It is within the scope of the invention to use other configurations of crossover

tools 28.

A substantially tubular internal fracturing assembly 38 extends from the
30  crossover tool 28 beyond, or below, the lowest fracturing sub 22. The internal

fracturing assembly 38, depicted in greater detail in FIGS. 3A and 3B, includes a
6



sealing sleeve 31 defines a portion of the axial passage 36. The sealing
sleeve 31 is biased into the first position, and is adapted to receive a
seal i ng babl2o®&odT925 substantially seal the axial passage/udooskemrosher nore,
the sealing sleeve 31 is adapted noves fromthe first position to the
second position fromthe weight of the sealing ball 37. It is within the
scope of the invention to use other configurations of crossover tools 28.
A substantially tubular internal fracturing assenbly 38 extends fromthe
30 cr ossovefrattaemapdrebéd; o dehg bhackidd) and optivnally awelse 44 digiel iemiy sub 22. The

internal fr [ S ' ﬁ‘%ﬁ*ﬁ - It kealifo1F! GS. 3A
and 3B, inc %g%g&ﬁ&g@v%ﬁg%l%%ﬁifﬁ%% 6%%%%?%1%%@&{ %‘ 16gg fracture
mandr el 40, claseditiagent obthk imt@naldiradtuoipg asserably P8 and/ai epsn pasitiénsthatiallpwem t he
crossover tgol, 28..Th al v i S a bl | osed position
that sealin PX‘}f%gvltgg’ggh%ﬁﬁSn(g?\éﬁ%]fn%etrﬁag%ﬁg%%@?%agfe%?oﬁ%%tr}rn fbrrll% assembly 38 and
an open posidipleferitdih, ddplc@dsn FIG. QAdthE valwe #hisauwedling bell é6 thatis abdest | nt er nal

fracturing assepbly 3 In.one 5.i epent ati on,. depicted jn FlG 2A the
val ve 44 i sTgmdasn GHE‘?ﬁ%qwn%basfﬂy"?gswg%s%ﬁtdesﬁep6%?%331?’%#%3%%96% racturing
assemlol y 333&&1@@ b&l}] 46 B rélesed b I}hélﬁirt]eriohﬁmaim?na]:lﬁa&eﬂﬁg)&sﬂembhﬁé&ﬁibmg ba:cl 46
is released intg the interior of the internal. fracturj S 38 from
t he surfa_(:et}‘_ﬁliﬁ’gg%pa’ﬁ‘w?f{ e e R NEn ,dﬁﬁl?f@“?ﬁ’r?g@e #%&8@?22%2 of val ve
44 when it jiisddRsd hadhd Vidde 4R cYbd ORBnAIG, 64 RE€E. FIGB, Givakilihg as seen in
FIG 2B, the sealing 10 ball 46 may be captured in a cage _45. The cage 45

enabl es 10 he balb4d maydacapiureisn psaged>: dde C%ge(%ﬁé’E@l‘?ﬁéhW?h 14§ #Ftadal the

end of the %@%@%k@@l‘\/e,frﬁﬁﬁ:ﬁglﬂ) 0 11RS2E TOhY indSn M@ Brurihd SehBIPNS tfagn i nterior of
the internal fracturing assenbly 38 begins to flow out and noving to allow

f1 ow t hr ougowHeonethe ins¢rior hEthe rtepalffacuppg essembly 38 bedipfp flogeulpdh f | ow
o ool " ; P o
outside o M&t@ﬁ'g @%@H&g{‘]?’&é 'El‘%ﬁlfgﬂ%é%}d%? SR MR REDE BtedBly 8 QMeh N

Al ternately, can be omtted and the end of the internal
fracturing dewenisidg ofthenmtymbldrachiring dssembly 38 hegingiiol flosi ion Alpmatelyathoe 44
enabl es the_internal, fracturi : . | shpi pe
during d%avé’?lv%%g?(alnr?& Ocr)ngtgerdép ?gl%se%?gf{sﬂgh%%rg% ﬁ%‘g 8&%5&%@29 ??}? b}félvgw to FIGS.
3A and 3B, blisd éropet. uinclogjors ofe R2veldisenablesthe intemal &hétyring askamtdy 3body porti on

50 with an ignternal bore @ firing eave pdlBhg oBRGIhY (R uEa bk "9

Referring now to FIGS. 3A and 3B, the fracturing sub 22 has a substantially

tubular body portion 50 with an internal bore 52. One or more apertures or jetting

20  apertures 54 pass laterally through the body portion 50. The jetting apertures are
configured to jet pressurized fluid within the fracturing sub 22 into the earth
formation to hydraulically fracture the formation. A shoulder 56 is provided at each
end of the internal bore 52 to internally retain a substantially tubular sleeve member
58. The shoulder 56 may be integral with the body portion 50, for example formed

25  with, cut into, or welded to the body portion 50, or may be provided as a separate part
removably engaging the body portion 50, for example as a circlip or snap ring, J-lock

profile, ball lock, removable stub, or a removable sub-portion of the body portion 50.

The sleeve member 58 is configured to slide axially within the internal bore
52. One or more windows 60 are provided in the sleeve members 58 and are
30  configured to substantially coincide with the jet apertures 54 or to not coincide with

the jet apertures 54 depending on the position of the sleeve member 58 in the internal
7



20 apertures 54 pass laterally through the body portion 50. The jetting
apertures are configured to jet pressurized fluid within the fracturing sub
22 into twe 2eavdaob719f ormation to hydraulically fracture trhe/uUSesosmrioon. A
shoul der 56 is provided at each end of the internal bore 52 to internally
retain a substantially tubular sleeve nenber 58. The shoul der 56 nmay be
integral with the body portion 50, for exanple formed 25 with, out into, or
wel ded to the body portion 50, or may be provided as a separate part

removabl y ebmas?. nﬁletﬂumbbmlpbnﬂt&@meﬁbnotfiweswﬂﬁpﬂ@ nygber ¢fiigtc] i p or snap
ring, J-I Oce{(peFthe%gA £t (ﬁ)/{?lg%le tiu? 8 5\6153%3@9? %dh%re fHan %@%%%%%4

sub- portion™o Is configured to
sl ide axi al bryviasivietsanSeate6d ang momibd dove andiRlovOhe W)lrldofmrﬁé topubdioniiallgo ar e

provi ded i n t{]atgﬁlélst pg§sa%em;tlr$nc{. Slnﬁgeiﬁlqgraﬁ\rfe m%?en?e?lﬁftlbrg lﬁ@i i& tﬁé’ﬁéévlggt Pally

coi nci de wi T ur es col nC|
apertures 5A1eﬂ8¢1€5|8ds mﬁgﬁred heh ies ivhéroan uppert dnd oﬁtheelcevermﬁb‘mr 558blitsn t he

internal 7 WO 21)1 1 719 .PCT, /0 21 0 The nunber
of wi ndows &0 UARLE C%I‘gfé é%tﬂ?ee‘glﬁg%vﬁs 4()055%%@13&% heapeids &‘ éetggéet F8s 54, for
exanpl e, t hgs aRehaMIGRWSithpleRykntian o KIGE3B, hbafmmemembe@qﬁes toak@l 64 or vice
versa. Seals 62 are provided ve .and bel ow th

subst ant i al by fragtaring sph bpd 90 ﬁ&&ﬁ’&g@n&wsf@ lﬁ}ﬂ?ftanfl Iy W@Cﬁl\ﬁ%‘g&? Q‘F iSe

i mpl ement at jn,RE SAH)ﬁ sl%&r ihB€. 9ieRUR shead BB lis B8kdrS the GlREVeauemitrsuch t hat
when an upper end of }i)eeve menber. 58 abuts, _the u&selrhgzgoul der 56, the

wi ndows 160 é&mtb&mqvad |S9 ﬂ@bthﬁ@iﬂéf@“w@ Ho pipfsupsiantialhv pqipgt Y t he
il lustrati Vﬁlefnmjs%fz%m)@&dn@@u@a s&h%at%ﬁen 1hgpsl 8\ HRREBR mSiBbdr 8| ocked to

the fracturing sub body 5 he wi ndows 60 substantially coinciding

W th the jetbutstherpngr élS’uEqu iﬁyﬂ@ @h@&‘fs 69ispbstantiaspeoncideavitaiet pin 61 i s
broken, the Ifllrtﬁ%}!% ”glﬁg’cﬁ%%ﬂigclf& is 9y %ng%/g%ge th%@le&%%exﬁﬁé%ﬂ“sﬂ%\f"s 60 do not

subst anti al f3"Cor NCi eeve can be configured such that
when an uppthe sleavt wémben 68 shddregbloelndmoBgogetbaresa pkie upper shoul der 56, the
w ndows 60 substantially coincide wwth the jet apertures 54. The drag

bl ock 425i s adapfhedirngblediyilgefuther adapiadto %ﬁ%ﬁ fiom the gleqvg embeR® 5| eeve
menber 58 agl'gi tég%:&ﬁgﬁgé(mﬁ%om etlﬁgﬁltati% mﬁﬁen?en&'ﬁbﬁ of ﬂI@STﬁ@ afld &g bl ock 42

is further I sengage romth "'eeve nenb andﬂgl ss through
its interiopne dranrhball lbtksﬁmatthwtqmppﬂheﬁla&bloéh4%)%3*‘3@“‘3‘18I& €3B,

70 on the interior of the sleeve member 58. The mating profile 70 provides a detent
into which the outwardly biased ball locks 68 are received to join, or engage, the drag
20  block 42 to the sleeve member 58. The mating profile is configured to release, or
disengage, the ball locks 68 when the drag block 42 is rotated clockwise relative to
the sleeve member 58. Once disengaged from the mating profile 70, the ball locks 68
are retracted into the drag block 42 allowing the drag block 42 to pass through the
interior of the sleeve member 58. The mating profile 70 can be provided only on the
25  lower end of the sleeve member 58, or on both ends of the sleeve member 58 as is
depicted in FIGS. 3A and 3B. The invention is not limited to the particular ball lock
configuration described above, but can utilize any of various other configurations
operable to selectively engage and disengage the drag block 42 and sleeve member
58, for example, by J-lock, actuatable collets, or other configurations known to one

30  skilled in the art.



one or nore ball locks 68 on the exterior of the drag bl ock 42 engage a
mating profile 70 on the interior of the sleeve nenber 58. The mating
profil e AopoawicgdHs a detent into which the outwardly pcaasdodsabiosd ocks 68
are received to join, or engage, the drag 20 block 42 to the sl eeve nenber
58. The mating profile is configured to rel ease, or disengage, the bal

| ocks 68 when the drag block 42 is rotated clockwise relative to the

sl eeve nenber 58. Once di sengaged fromthe mating profile 70, the bal

| ocks 68 are r eFhedtc ipmdeel ¥ dnclirdagons csaerawindpvo it ernfigwed it ag bl ock 42

to pass through,thg, th% )(}ngdr’c])\)v?'ﬁggg@{e Ql%e@llﬁ‘%r BB BDE oL@ inciddSvifhé N9 profile

70 can be provi ded on [ower of the sl eeve nenber 58, or on
bot h ends ofvitdhes §0 efthe slaerineEmbEsshdeperdingiapthe pesitionpf hedgctusr and 3B. The
invention is not li.mted to i r I LI Adaljon
descri bed aB8UEe 43¢ reéaglr(\mE tlhfgiglgg‘%}?\%/ﬁ%? Bgalr“]l%gﬂd%n bglf ahe ‘ggiﬁﬁvgur at |hons
oper abl est on&ebespbitiotheempigeofwidddis@ng dyesldeiemembey 58 orkxaapland sl eeve

nmenber 58, for exanpl hy.J-lock, actuatable colle .

confi gurati %H’(S@\}r’}‘g‘?‘gélo“ﬁédovﬁézp@ﬁ? FR%8 OFGn%% (éneas(r? eve %‘%\E}QJQ)&I %{% %) 1) 9719
PCT/ US2 0115fHceverfd. 8efls 68 ke pfovitketl ubeve madbklew thGvindwistdds therfeacture mor e

w ndows 64 configured to ¢qQj ncide with the _w nd f.the sl eeve nenber
58 or to noMmap@eld tBé“WaPPFq’tyﬁéal aﬁﬁ‘lﬂﬁmﬁag@(ﬁ’fﬁcfﬁt E%V\ﬁ@?lg@gﬁtwﬁe nmber 58

dependi Ng OfngiBertRioh ol BIG. 8f thé hecthre B4, FRB IRk 42 Qinti Bles sl t 0 t he

sl eeve nenber 58. The nunber of the w ndows 64 ne not cgrﬁgs ond to the

d
number df wohaswenfsyrdsuehhibatsvhcn e dragblack Bengpgss theys BemOGR& 45 act ur e

mandrel W ngow:fd BBV, BRandIN:G4 b & fRBRreThARNE 408iHahtMyd0ude0 or vice
versa. Seals 66 are provided above and bel ow the wi ndows 64 in the fracture

mandr el 40 withshepsindews &) afghesdagye mgabeisx- passage of fluid. In the

illustrative inplenmentation of FIG 3, the fracture mandrel .40, .drag bl ock
42, and sl eeve nRePEINS a&%ﬂ@@@%%&?ﬁ%&%@fﬁé{?&ﬁﬁ?ﬁ’ r NS PEag bl ock

42 engages blgoskifRY Bnd GITRGE fBGuifSubdEsE ribRdhabaMRle 1) Gorekangys 64 of the
fracture mandrel 40 substantially coincide wth the windows 60 of the

sl eeve renben as@rkimestang 3 hgThsgamhenand pesiion of ghesfragturing sybs 28RSt i on, t he
lr S\A\ﬁr 0 ¢ ? Lne)l gc;gé;{eg E%rﬁ}tgéqgﬁt?%%ogggrﬂ@fleg {d e RBRbER hnd Wshioh bRGdsHEd REbnibbs 22 i's

positions in the borehole 12. Thrgpintel"nal fracturing assembly 38 is run-in within the

lower completion string 20 and positioned such that the drag block 42 is below the

lowest fracturing sub 22. During running-in the interior of the borehole 12 can

20  optionally be washed by flowing fluid downward through the working string 27,

through the axial passage 36 of the crossover tool 28 into the borehole 12 below the

packer system 26, and back up the walls of the borehole 12. Alternatively, or

sequenced with flowing fluid downward through the working string 27, fluids can be

flowed down the annulus 35 on the exterior of the working string 27 past the packer

25  system 26 and back up the interior of the working string 27.

The packer system 26 is actuated to seal against the interior of the casing 16.
The crossover tool 28 is actuated to flow from the interior of the working string 27,
through lateral crossover passage 32, and into the annulus 34 between the lower
completion string 20 and the borehole wall 12. In the illustrative implementation of
30  FIGS. 1A and 1B, the crossover tool 28 is actuated by introducing the sealing ball 37

through the working string 27 to land in and seal the axial passage 36, as well as move
9



15 on a working string 27. The nunber and position of the fracturing subs
22 in the | ower conpletion string 20 correlates to the nunber and position
of desir esof2o@otnprie positions in the borehole 12. The ipotrarse@is/obroact uri ng
assenbly 38 is run-in within the |ower conpletion string 20 and positioned
such that the drag block 42 is below the |owest fracturing sub 22. During
running-in the interior of the borehole 12 can 20 optionally be washed by
flowng fluid dowmward t hrough the working string 27, through the axi al
passage 36 thf stdlieg sleossSdeallavoBow BBoughtte latseal bassagsSl and thepeii@gy t he packer
system 26, ag@@?ggk up the walls of the borehole 12. Alternatively, or
sequenced W R 'ow ng fluid downward through the working string 27, fluids

can be flowed d . 4US$ 53061 BRcKEDS XL B oL, W1 MRA i Nng string 27
past the packer g%&g%?el%@%%%ﬁéb%?k u%estlﬁé;i ﬁt}@rciag}f;g%f t he working string
27. The pachen-nsys mefrigisisiistradocaddhiedsh the workingsianawh thropghithitlaferabr of t he
casing 16. _The crag V. 0 I f interior of
t he work ngcré)?Sro it a%%)e g%fﬁt%u%%sgﬁg goro a ’gﬁ%glgoo%lgﬁﬁﬂﬁlg}gggé)gmf%&gnd into the
annul us 34 heteneanplétvn stringe0 and twporholon2.sThs yadveXd adthe batecoflter ehol e wal |

12. In the illustrative inplepentati of, 30 _.El . . .t he crossover
tool 28 is %?ﬁ%%‘@%”ﬂ@g ?sﬁ%&%g%sr?gel%eﬁgh e%%’é’leg?\bdm%ellhé?ﬁpgﬁcﬁgﬁéh t he wor ki ng
string 27 tasskablg 38 o Grihtsaal wishpipato fidw passageaBbthroagh telrttums nove 9 WO
21)1)611)1)9719 PCT/US2 0115/Q 21 0 6.9. the seali.n eeve 31 to allow

f1 ow t hr ougPRaSE48 3%(*8?‘3?*‘6‘%61%% g@@“@flagﬁ’ﬁl ‘l}éfé pP%ﬁWﬁﬁ%‘?&% 5@0‘%836.4 As depi ct ed
in FI G 4y augdvair@tedrackinfiQettddichy fldw in thitigh sliddgwg badedthsaid 4dmeedran- made

material, is introduced through the rclld ng gtrihng 2?, t ht ough the | ateral
5 crossover bppo¥idgd Ipither psiance a5 gays) & depggiied sithe Anpplys dafthe FRlumms, oy s 34

bet ween thepis@‘ﬁﬁBug%Ql@Aaﬁ& EHroBissérilicd 04 aneitht hfterR bEMRI@vek 2omfiBgorval ve 44 at
the base of the internal fracturin% assenbly 38 is opened thereby enabling

the i nt er nabtripg 3@ tand flayy thraughdheinjerng fagiuipgassanably 48, shrgpships 58I 1 ow
returns UPW?@SQ%%%B QEEHR ctdAEovELIBI I35 andIRRTRIGIRs 3Abéteedthekidghe fracture

mandrel 40 I's positioned wth the wi ndows 64 lo unobstructed _such that
r et ur ns 16anstiing@7 pivl theeasingH Swimeoimplemenation hayingshyet paths da &g Fa pr ovi ded.

In either i 'i'ﬁi WM CRuntPatny Qgiﬁ%k/id.% Sn 9RRRAL h&W p«i:ltﬁ f&ﬂﬁa@pﬁﬁﬁ}’&rﬁé’mg he returns
gravel packing process if, for example, a sand bridge forms in the annulus between

the sand control assembly 24 and the borehole 12 and blocks flow through the annulus
34,

20 Upon completion of gravel packing of the annulus 34, the crossover tool 28 is
actuated to close the crossover passage 32 and allow flow through the axial passage
36. Valve 44 (if provided) is also actuated closed. In the illustrative implementation
of FIG. 4, the crossover tool 28 is actuated closed by drawing fluid upward through
the working string 27 to draw the sealing ball 37 out of the crossover tool 28 and

25  recover it to the surface. Removing the sealing ball 37 enables flow through the axial
passage 36 and enables the sealing sleeve 31 to move to the first position to seal the
lateral passage 32 and the returns passage 33. Prior to fracturing the formation 14, the
crossover tool 28 is drawn upward out of the packer system 26 to allow flow from
beneath or beyond the packer system 26 into the annulus 35 between the working

30  string 27 and the borehole 12 (FIG. 5).

10



pass through the sand control assenblies 24 into the interior of the |ower
conpletion string 20, and flow through the internal fracturing assenbly
38, throuwyb éwopEbUrNs passage 33 of the crossover toecTaAB00ameliobnt o the
annul us 35 between the working 15 string 27 and the casing 16. In an

i npl ement ati on having shunt paths 25 (see FIG 1B), the shunt paths 25
provide an alternate flow path for gravel slurry during the gravel packing
process if, for exanple, a sand bridge forns in the annulus between the
sand control as sﬁéﬂabhgh dee&pa;bldﬂgehdﬂmr@hbl 18 ig gesamiepdigbovekiilizing@ t hr ough t he

annulus 34, 20 | et i l f S 34, the
crossover t S%ﬁso‘% 225?3‘“ Gare cfr{ c?%ag\égt H%?r{dgggjg\%g&?)%slg gelal{?J,Z and al | ow
flow thr ougﬂhckdfalelsmgltl@d inpams Ageuri@GsseWblnig addeficted prid@isded) 9.1 8Ga¥ so act uat ed

closed. In the |IIustrat e i ation of sover tool

28 is act ua{BHsA IBYEL WP %Pﬁ#ﬁ%swi}f‘ﬂ“aﬁm Sodeﬁtﬁ?l%ut%awbggp%rg ing string
27 to drhéiW stE‘lf@m%ao{utHbglaﬁﬁdl bro%vﬁqfassﬁie 3Zthat®bmmmenes floidlbe@8e@md 25 r ecover
it to the surface Vi

n I|n nabl sfow hrough the
axi al  passi#tyEony thippc "r"FéWf zgﬁ‘éde Hlj%éllb@é({}lg%%"lpaf 7 s\%ng l%cﬁe first
posi tion tObe%&@éntﬁéh%weia)w]e%ionmanenmea@éhdmez.rmeumamapma@g 33. Prior
to fracturing the formation 14 crossove&ﬁ%&gkheﬁgteig drawn upward out

of the packassenalyB®inusel oglinftiggayeknasking sigmy 74 Be§8%8 T he packer

system 26 '255%& E@@a@&%@tﬁéaﬁﬁh@@h%?@slﬁdﬁ %indew3 o theifRgu/ and the
bor ehol e 1 P .10 WD 21)1)611)1)9719 PCT/ US2 0115/0 21 0 6 9

Al t hougho grmmrelﬁﬁéwmgc@m‘élﬂb@?éWéf’roéerJI’ZsﬁaSe %sﬁqua%ra BRI 8218 i zi ng a
crossover t gal, 28 g1 L ASAANERcHObr (RAnkAl BRORTELERSIANS, Uhsughor chol e 12

gravel packed using t erna racturing assenbly 38 ‘as depicted in
FIGS. 8 or @deW@A i8to tU@bte@ﬁlgroanV@\mﬁsa%% ped ingmihe aprjulg 32 betieemBat a

crossover t but, _havj tem26 with a | ateral crossover
passage 32 ngcomrlr%{?rllllsc % E(? g&g l%gn an interior of the packer

system 26 and t hgGang 1&§%%%vep&)ﬁ§hmgloh Qﬁm@ 26 kBthoRhh &8RP tRNGE pabl@ Ween t he

| ower conpletion stri e borehole 12. The internal fracturing
assenbl y5 38syistemuJe this msfdmeetht: lqyyes geshplpticaietring 28igpesitioped lopsel(hhe he | at er al

Crossover agfechéggor%qle {275Re fEnd ﬁg&hﬁﬁ% a%AEnmI'y POR 'pBélﬁ&leﬁ dbdvagneM ndow 64

of the frac ure o
lower completion string 20 and gravel packing slurry 72 is introduced through the

internal fracturing assembly 38 and flows out the windows 64 over the outside of the
completion string 20 and into the annulus 34 between the completion string 20 and the

20  borehole 12.

Referring to FIG. 5, the formation 14 is fractured using one or more of the
fracturing subs 22 together with the internal fracturing assembly 38. To fracture the
formation 14 in a single position, the fracture mandrel 40 of the internal fracturing
assembly 38 is positioned in the fracturing sub 22 corresponding to the desired

25  fracture position, the formation 14 is hydraulically fractured with fracture fluid
provided through the internal fracturing assembly 38 as is described in more detail
below, and the internal fracturing assembly 38 thereafter recovered. To fracture the
formation 14 in more than one location, the fracture mandrel 40 is operated at a
fracturing sub 22 corresponding to a first fracturing position, withdrawn from the first

30  fracturing sub 22 and drawn into second fracturing sub 22 corresponding to a second

fracturing position. The fracture mandrel 40 is thereafter operated in the second
11



10 mandrel 40 to coincide with the crossover passage 32. Thereafter, gravel
packing slurry 72 is flowed through the interior of the internal

fracturi ngoaseaobity 38, through w ndow 64, into the |atreralS2asosBeyer
passage 32, and into the annulus 34 between the |ower conpletion string 20
and the borehole 12. FIG 9 depicts a | ower conpletion string 20 without a
crossover tool or packer 15 system In this instance, the | ower conpletion
string 20 is positioned |loosely at the bottomof the borehole 12. The

i nternal frizctwingsg 2% sehth progsss irepeptod iif desirasslfon pepequenidraciisifer conpl eti on
string 20 and. .grav, cki S LS il g i nternal
fracturing pé’glggﬂsbnglhﬁgg%a%eg%?ﬁdél\}\g%%ést Jsfbﬁ ?ﬁemﬁlggg\%g&%ﬁggo%g?&%ﬁﬁb%%ﬁ Side of the
conpl et i on té tdweg fROtusing sibrd2potdreayaehnodets b@xn factywingrat emeofdlpl et i on string

20 and the _ 20 borehaql.e . Referrin I a0l I 14 is
fractured JEHET8 ﬁ‘gbs%? aﬁ%ﬁ’éls 8?51?%1&116 g%cté\gr? E}a?%rgl 4SOUIE§ f%g&lﬁg%ge@hrkézr with the
i nt er nal 5 f r kdrianik: 1886€ MattiridBsubPo. Fudtetmomwe, feiver thiroalheftthoffactutingn a singl e

position, the fracture. rel 40 of the internal fracturi assenbly 38
i s position¥s %Pff’ﬁ'ge‘f ?’gﬁﬁn@?’v?h‘é)“&%f‘g‘°§ém8%?§'8% RATedge 13t ﬁ,éq}deesi red 25
fracture pogihitRn.14! her xamprl it By bd déstalily sirtaetiine af dompfletivataifradurei t h
fracture fluid provided through the internal_ fracturing assenphly 38 as is
descri bed i the fsmationetddn fewes @paipns g thafumibst %frnﬁ%\‘ﬁg?drti%?&f‘]‘g’ﬂiﬁﬁ@“ sembly 38

thereafter p,aqQVA!&Impllotht aEbU fifethitfy subPr2E 1208 td fradtite MRS Bridiian one

| ocation, the fracture nmandrel 40 is operated at a fracturing. sub 22

cor r espdhdi Hopnddherempiving frachiging FYHg2 FodiR PBHCd WRIFCERFIRE BATTHE: £ i r st 30
fracturing t?lgg:ht&aaleﬁt&gtugﬁ?%eﬂ}QEIQS SEEQRErell hAL Y Well tha§ WkbrehZe€Ry I €Spondi ng to
a second fracturing position.” The fracture mandrel 40 is thereafter

oper at ed i npiothewedecond 11 WO 21)1)611) 1) 9719 PCT/US2 0115/0 21 0 6 9
fracturing sub 22, and the process repeated, if desiéged, for subsequent
fracturing posi tIP@ﬁél.lflwf{Cﬁé%@}ﬁlmlé@é‘anpglasﬁ?@d}’ é%_ls AW Wi hg by
fracturing ﬁgb%uﬁn%rsﬁﬁﬂ,% cirég Blbck A0Gi11 Q¥Gmter tdsRBhY dsNBerBhides dlee@Ne MAY

choose to begin fracturing at any of the fracturing subs 22 and thus
posi t i ons t hmemberdBuané liffathd slepveqoember 48 fo-abut the phayldst b othasfraftEe t han t he

| owest fracyr) - D e 6 G mARNE 53 b Allshaf phalse (fkact uri ng
subs 22 pr o%‘ll%c?ezg%e?ﬂ?'h%%loégfeé%éecorerpq}%etinén string 20 masl bg use(d in
fracturi ng Fle3B). Asnoted above, with the drag block 42 engaged to the sleeve member 58,

the window 64 of the fracture mandrel 40 substantially coincides with the window 60
of the sleeve member 58, and with the sleeve member 58 abutting the shoulder 56 the

20  windows 64 and 60 substantially coincide with the jet apertures 54 of the fracturing
sub 22. Such an arrangement with coinciding windows 64 and 60 and jet apertures 54
is referred to herein as the fracture mandrel 40 and fracturing sub 22 being in
“fracturing position.” Therefore, the resistance not only acts as a signal to the
operator controlling the movement of the internal fracturing assembly 38 that the

25  internal fracturing assembly 38 has encountered and engaged a fracturing sub 22, but
that the fracturing sub 22 and fracture mandrel 40 are in fracturing position. To
bypass a fracturing sub 22, the drag block 42 is disengaged from the sleeve member
58 and drawn through and out of the fracturing sub 22 to the next fracturing sub 22.
In the illustrative implementation described herein using ball locks 68, the internal

30 fracturing assembly 38 is rotated clockwise to disengage from the sleeve member 58.

As noted above, the invention is not limited to the particular ball lock configuration
12



formation 14. For exanple, it may be desirable at the time of conpletion to
fracture the formation 14 in fewer positions than the nunber of provided
fracturi ngodx002A9 | n such an exanpl e, the desired fractraseongoswbs 22 are
used to fracture the formation 10 14 and the remmining fracturing subs 22
remai n unused. Upon conpleting fracturing, the internal fracturing
assenbly 38 is recovered and the well may thereafter be produced. hi each
instance as the internal fracturing assenbly 38 is drawn up into a
fracturing d&esbrit®d abovegbuticamutilize ety dfvavipus otleen confipneationseaperpbleriee as it
engages a sI 5 JgA=T0as) to abut the
shoul der ?cgv%%e?%’age gﬁfqlsﬁﬁgﬁ%ﬁééﬁﬁ&@%&a %Qgéqgr prggsfglg the sl eeve
menber 58 a@patmpm, by Mockheantaplervobds, s ether donfiur@Rns kigvmiotone skileshia, with t he
drag bl ock ﬁ% engaged to the sleeve nenber 58, the w ndow 64 of the
fracture mal8/81 40 substantlally coincides with the wi ndow 60 of the

sl eeve nber 58 an I uIder 56

t he 20 ndows GQICC tsgﬁ%lgsv e{%ttﬁéa ﬁ%ﬁﬁ%ﬁlﬁ@%ﬂ%&hﬁgﬁ%ﬁape”ures 54
of the fr ackubrzzmjpe muhal%cmﬁughssanblaﬁ[i andyawmenp uwiil ittmests tegisteticagSwihndows 64
and 60 and eI a ures s fr.ef.e [ ture mandrel
40 and frac eﬁﬁs 2 %fﬁatﬁh%gl?e(g block j;hﬁgflﬁﬁ'%?%gﬁlggg?\t%ﬁ%&n&% %%iraefore t he
resi stance Hﬁéd he blyexaaﬁantﬁssasmgnbd frdoturé twendrelp®raat] dractoomg subl2Riareg t he

novenent of the internal fracturin S RLeL nal
fracturing "é’ﬂ'ﬁ'lnﬁpg% ‘Pfhslfﬁﬂﬁcll?ﬁﬂ?sgi@% %‘fnguyﬁl?aggrgla On#rlésclz %I’ll T85%%ub 22, but
that theof r aedmiddieib 20the Mitenid fibstaGiglseonibiNy ildisdHzagedtiom ahd amvur i ng

position. To bypass a fract ur dr.ag bl o s di sengaged

fromthe sl 8&wdtedaest fracrme iy agaah?’f’ﬁ"rt‘c’)‘ﬂ@l&'aé%m We%&yéﬁéscir?‘g%turl ng sub

22 to the nﬁiﬁhr&dgﬁ@ﬁel%bvagcoﬁiﬂbn%@smn D0 1t R811 bhdousibt @iibtiitelai@cRMENt at i on

descri bed herein "usi ng ball | ocks 6 t he_internal Oﬁ% turi ng assenbl y
¢ oy reggsertv

38 i s rot at &acterieghi2s as ths dﬁﬁgé’é‘??béaéngaigﬁsr@? plgeve araRhsT °As not ed

above, the hgytﬁ'['?x%é QB 2b Snd'@k flabilelRhated4d Gl%e‘&afh&hﬁél"S@%n@ﬁfﬁdtuﬁﬂngKb

configuration WO 21)1)611)1)9719 PCT/ US2 0115/0 21 0 9 ~ descri bed

above, D&t bedy neriidn Peachisye be foeie pasition nkybyees rifipaiuEng %Hl?sz 20858l e to

sel ectivelyy f%gﬂ?g&l ?ﬁ% d@eﬁ@%@@ﬂﬁ%ﬂ%lé@&@&eﬁté}% aﬁ@ﬂ@@&eﬁhﬁ@a‘éﬁmﬁ@ nber 58,
act tat a

for exanpl e, e collets, or other configurations known
to one skil Ia@dmb]y 38 drawn out of the fracturing sub 22.

When the internal fracturing assembly 38, and thus fracture mandrel 40, is in a

desired fracturing sub 22 and the fracture position, high pressure fracture fluids,

20 typically containing a proppant, are introduced through the working string 27 to the
interior of the internal fracturing assembly 38. The jet apertures 54 operate as nozzles
to consolidate the pressurized fracture fluids into jets that penetrate the formation 14
and form fissures 74. As the fissures 74 are formed, proppant in the fracture fluids is
deposited into the fissures 74 to prevent the fissures 74 from closing. The specific

25  hydraulic fracturing process is similar to that disclosed in U.S. Patents No. 5,765,642
and 5,499,678 and otherwise known in the art.

After the formation 14 has been fractured at the first position, the internal
fracturing assembly 38 is disengaged from the fracturing sub 22. However, in an
implementation having shear pins 61 (FIG. 3B), the internal fracturing assembly 38 is

30  pulled to shear the shear pins 61 prior to disengaging from the fracturing sub 22. The

13



the art. 5 Accordingly, starting with the fracture mandrel 40 bel ow t he
first fracturing sub 22, the internal fracturing assenbly 38 is drawn up
until it weeaebe/meapst ance. Such resistance indicates tiratr/ush@sdermgs bl ock
42 has engaged the sleeve nenber 58 and I|ifted the sleeve nenber 58 so
that the fracture mandrel 40 and fracturing sub 22 are in fracturing
position. If it is not desired to fracture the formation 14 using the

| owest 1o fracturing sub 22, the internal fracturing assenbly 38 is

di sengaged inteoml fnciurirgassemidyi38 isfdravinen thigagh androut el e Factering b 22 As t he
nter nal fr aGHWANR BSIARDbLYiROSIR :ARHB, intiRab/MhOUAR vidie shayer compl et i on

string 20 i encounter-resistance at each fracturing sub 22 as the
drag bl ock défagmighgdecve menbeetl/ef thedirsentdBcoiing fib 22engd getffagaire f r act uri ng

sub 22 and the. fractur 40, sl fraetnsng sub 15
body porti oﬁla%elé@ At lélvigacﬁﬁée]ﬁsﬁggt tiJ)Prltel§ Sgsgr}éfgltdcﬁ%m%aﬁg%ﬁ%ea f?ar act%ri ng sub
22, the sgragb Xl the KradRrimgBtid xeintloduentymgbavef dhitristiobdesiredipdragrdatthe58 and t he

internal fragturj ass 3 ra out. of t f i 22. \Wen
the inter naPéj?creﬁtc‘%l%F‘ﬁnﬁéSebggeﬁﬁlcgagﬁﬁ?wah%ds ﬁlﬁ%g%erla grco u?getvgrgﬂr? r g}IS&kng’ isin a
desired fragidthé p@cés bepaeduntdil tedoiasion 14 B fpowiddiadeachdbgied ppessure fracture

fluids, 20 typically containing a proppant, are introduced through the
wor ki ng string 2 atvertichlbor indlined bayehots, gtafigy may eausethe Sleestroembegs Hsteenbl y 38.

The jet aperture 4 operate.as_nozzles nsol i ssurized
fracture fl 68 QuYS?éE?CY”'QP% oSG 35‘8%‘@? migral ﬁ%‘é&ﬁ%% ar?ﬁ%‘?%% '§§§4?'}8n§§\§cf %f orm

fi ssur eso 74 froMhé hectfrrgsub 25 Midvanet hurofifastugirgyppition wilhclbseeff thact ure f 1 ui ds
is deposited into the fissures 74 to prevent.the fissures.74 from cl osing.
The speci fi 801@554H9a?b§[?PP%§fo%¥8PUFie Eyﬁf%@é‘@ frgm gﬁﬁa@?"' ft?“oldsf hat di scl osed
in US. Patgesialyodurig pRRIubHbh. IRRcheh] # AU birddle0dnaiddamhsdedvaown in the
art. After the formation 14 has been Lractu ed at the fiTr6§t B{%sition, t he
internal f PBbETI8ig ouos Saspyneeesiiondhatdh girbe e eI sOP &M i ng sub 22.
However, i ngatve rhdileE5BaS Aticomciaawith theSO@pEriRés 3 ind frdcfarind B)b 22 he i nt er nal
fracturing assenbly 38 is 30 pulled to shear_the shear pins 61 prior to

di sengagd®ngTp thanendnthe sleaverrpembey 58 can beset ophat ﬁafﬁlf\?@l’?%&?‘i‘f#&eﬁhf) 9719 PCT/ US2
0115/0 21 0;fcRa1 ﬂa%ﬁﬁgéégelglél%EWdr%&ﬁ%?M&u&% dus 20baWhni thdr ough and

out of the %racturlng Su )
internal fracturing assembly 38 back into the fracturing sub 22. The drag block 42

will engage the sleeve member 58 and push it downward out of the fracture position.

Thereafter, drag block 42 is disengaged from the sleeve member 58.

20 After the formation 14 has been fractured as is desired, the working string 27,
crossover tool 28 and internal fracturing assembly 38 are recovered to the surface
(FIG. 7). The lower completion string 20 is left in the borehole 12 and the packer
system 26 is maintained in sealing engagement with the interior of the casing 16. The
formation 14 can thereafter be produced through the lower completion string 20 and

25  casing 16. In production, well production fluids (gas, oil and water) from the
formation 14 enter the interior of the lower completion string 20 through the sand
control assemblies 24 and pass to the surface through the interior of the lower
completion string 20, casing 16 and a production string. It will be understood by
those skilled in the art that in most instances a production string (not shown) will be

30  run in the hole after removal of the working string 27 and will be connected to packer

26. Well production fluids will flow or be pumped to the surface via such a
14



until it neets resistance again. Such resistance indicates the drag bl ock
42 has engaged the sleeve nenber 58 of the adjacent fracturing sub 22 and
t he fractwoeoosmapdpel 40 is in fracture position. |If it PCcI/useasnemdcs o
fracture at the adjacent fracturing 5 sub 22, the fracturing fluid is

i ntroduced as above. If it is not desired to fracture at the adjacent
fracturing sub 22, the drag bl ock 42 is di sengaged from sl eeve nenber 58
and the process repeated until the formation 14 is fractured at each

desi red pospbiwetion tring K el alsabe wideistootl by 8shekiltedan the agikal Wotkivgay cause t he

sl eeve menber.s t dr o I {14 fr.er -|.nt ernal
fracturing %’é‘%ﬁﬁ??’oﬁeﬁgp@ g%gg%ét@ﬁo %klgl%%g? I?%%Jt%?? fg)gars2L%Mzﬁgt.ldnl\/bvement
out of fr acgttiig prgdupe shetwelhandior fordhtosearakl packieg apbiracturBy teatneotsst anti al |y
prevent re-entry of proppant fromthe fracture fluids, especially during
production. |n dexeeusaltheilowérsomplstiomisiing 2breaning inthe harehelpé2.dheeeve  nenber 58
is out of fracturli sition i d i 60 of the

oi cove nnolrnindd AEPS kst RCareltE pnohe pLBE Bp St e WBARYE P
fracturing fswwre@or fidtifal fohihs fiest imetahenesif devmutileret) dractGBngsubs B et out of

fracturing position after_the jnt al. fracturin Loy .S drawn out
of a fractulfHye é’ﬁf?'%fh‘ﬁ?thF E?‘m’iah%n f%gl © nlﬁﬁlfngf%aé#mfngg%? %lfgilg%gg CS‘SE%‘L#% y 38 back
into the fragekiib g bstdhoRA2 afdepositaned homFIGR. 1AMdd 1B edectutieg sl eeve

menber 58 and push [t downward ﬁ\“t ofdﬁ%he fracture position. Thereafter,
drag bl ock BFcess caf therRpdgRegted Ao AstedePe®e nenber 58. 20 After the
formation 14 has _been fractur.ed as |j i re h i | 27,
crossovél tool Z%P %gfaﬁglé)raﬁﬁ g?s%{sﬁ? %ﬁfgrséfrsogie%ﬁ@%g@é glrbe P@%(ﬁ)dv@%ed to the
surface (Flf-pabking T@IVeo dosiaagp batitwte giactuning 20id sofpeft) thaphasheerbor ehol e

12 and the packer stem 26.1s.mai ntained in al i ng. engagenent wth the
interior of Secl‘??éﬁdcfarsqs“%aurﬁ%s.esﬁ © PN RGeS S 4! Zﬁe}? ngg%??l é‘gelggﬂiﬁrr oduced

t hrough t heywhrivehe RTRIAE is@Ble&itd fod gs p@mandlity Whea padkgd ihGelation prieduct i on,
wel | production fluids (gas,, oil  and ter) fromt.he_, for ion 14 enter

] t
the interi operarealilily of Birddrmagfmyaad is&f'mvé\’ilaeflilﬂéthf(fmprﬁ%gwdtﬁé and control

assembl i,gs 24t MAS St Pr&shiB Eradtiifel L FotnlAEON I ProshahtiIRIthOfrachired dn@ | ower
conpletion string 20, casing 16 and_a production string.. It wil| be

n
under st ood By boreholse I8 Rpnitagiieiptel prekinginval yradepasiting 4P2iiupfeled°h producti on
string (not f(g_l}@mm%n# eﬂr&pe?t?es%@reﬁﬂ& ﬂaébagﬁéf ﬂ]ﬁ}é glt@t{h/\z ?{odﬁ&ﬁﬁ%ﬁingpﬁ“hé he wor ki ng

string 27 an connected to packer production_ fluids wll
flow or be pungedckiog is frgrodugefl A @ separatequreqessthan the fracturing, and is usually

introduced into an annulus between a borehole and a screen.

20 Fracturing, running-in the completion string, and gravel packing according to
the disclosed system method can be performed in a single trip into the borehole.
Thereafter only the internal fracturing assembly need be retrieved. In previous
systems requiring multiple trips into the borehole, fracturing, running-in the
completion string, and gravel packing can take weeks if not months. Using the

25  system and method described herein, the completion can take only a matter of days.

Also, the system and method enable the borehole to be fractured at precise
locations corresponding to the fracture subs. The formation can be fractured at all or
less than all of the fracture subs, enabling the formation to be fractured in stages
(fracture at one position, produce, fracture at a second position, produce, etc.) to

30  account for changes in the production characteristics over the life of the well.
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14 WD 21)1)611)1)9719 PCT/US2 0115/0 21 0 6 9 production string. It wll

al so be understood by those skilled in the art that working string 27 may
be | eft iwothe&/onellb connected to packer 26 and be used toTas2@spemduct i on
string produce the well and/or for future gravel packing and fracturing
treatnments. Because the | ower conpletion string 20 remains in the borehole
12, the 5 formation 14 can be later re-fractured at one of the fracturing
subs 22 initially fractured or fractured for the first tine at one of the
unutilized fractAnimiersfhspl@fentalions éfitbeinuention haveedbetn daseniled. t he f or mati on

14, the internal fracturing .assenhly 38 can.. | e borehol e
12 and r epogF‘fe[‘%ﬂgﬁ’ lgg"ﬂ{ }Iﬁe '%dgé.oo‘lqﬁ‘ag‘ﬁa& 18! Odllﬁga%o#glgf‘ ﬁ?gﬁa&%@lgggss can then
be repeat eddspartilp SousHEeshinimd ecopd Of (B imvebtinn. grcaardinglyactkemg a bor ehol e
differs fron1frac-packingﬂ$.bﬁrehol t#n hhai %rqg-packing i nvol ves

deposi ti ng BPRicmenAtgps e Mitping eﬁif’?%‘g § QM BBSEP%t ) that has been

sel ected for the purposes of the fracturing process using the fracturing
fluid. In other words, the particulate is selected for its perneability
when packed in relation to the perneability of the formation, and is

adm xed into the fracturing fluid. As the 15 fracturing fluid at pressure
fractures the formation, the proppant fills the fractures and the
borehole. In contrast, gravel packing involves depositing a particul ate
selected for its filtering properties to reduce passage of fines into the
production string. The gravel packing is introduced in a separate process
than the fracturing, and is usually introduced into an annulus between a
borehol e and a screen. 20 Fracturing, running-in the conpletion string, and
gravel packing according to the disclosed system nethod can be perforned
inasingle trip into the borehole. Thereafter only the internal
fracturing assenbly need be retrieved. In previous systens requiring
multiple trips into the borehole, fracturing, running-in the conpletion
string, and gravel packing can take weeks if not nonths. Using the 25
system and nmet hod descri bed herein, the conpletion can take only a matter
of days. Also, the system and nethod enable the borehole to be fractured
at precise |locations corresponding to the fracture subs. The formation can
be fractured at all or less than all of the fracture subs, enabling the
formation to be fractured in stages

16



(fracture at one position, produce, fracture at a second position, produce,
etc.) to 30 account for changes in the production characteristics over the
life of the well. 15 WD 2006/009719 PCT/US211115 /1121 116 9 A nunber of

i npl enentations of the invention have been descri bed. Nevertheless, it wll
be understood that various nodifications my be made w thout departing from
the spirit antHAJOISCIAIMER IShyvention. Accordingly, other inplenentations
are within the scope of the following clains. 16 WHAT IS CLAIMED IS: 1. A

system for fracturing an earth formation surrounding a borehole, conprising:
a conduit adaptetsystsm for farduring ep s3rthfprmation spricnpdings Mygiole, cOMREENE: adapt ed t o

subst anti al | y4 R&@lit ARpt@NDHTLS iIRSIMESTIn iRSokANGUI t and the borehole; a flow
assenbly sel ectively conmunicati n? between the fl ow assenbly and an interior

of the condm$alaﬂw¥qﬂé?%@éﬁ"tﬂ'qué s¢al gpnaulishgsrsendbicroadritard tedorselieen t he

conduit and tf1RwRLEY RlecHRMNEA RNt R 1wRAkIe (Rl ds@AMly £Hdan RAdef hulb
coupled to the conduit and having at | east one substanti al lé | at er al

g !
aper t ur eopdiitraad hetvepidhafloys pssprphiy prdan agpdpshetwass the gprdug dag the doiebole ormuni cat e
f1uids wobhhdle b1 @duit into the borehole to fracture the earth

formation; and a substantially tubular internal fracturing assenbly
i nsertabl e i rit bagt Ree pasied pybgeuded torfee qoadyitand haying atdeqet anp substanfally Jalgrslyr i ng

assenbl y,padapihedint te §M§Hﬁﬁl?%t@ra%eﬂtdﬁ £dap@dl tdordnfifick TRl MithfntBEdonading
assenbly to one or nore of the |ateral apertures. 2. The systemof claiml

wher ei n’itRéherhogsiols sx BTy the sa fogeation; a8 ossover tool changeabl e  bet ween

comuni cat i ng; ABEMBEN @Bodladistrmal fFiRuPhg 4586nilY ASGAVRIntb @Rlintdid ofihe pbiker i or  of
the conduit on a second side of the crossover tool and communi cating

bet ween thdhg inegal Echming pssenbly adapied 49 epmmydateq dnterigy of g dnteraal festden t he

condui t aaehbiye oROsSRNE Bf tRNIathf afe@oRAd side of the crossover tool. 3. The
systemof claiml wherein at |east one ported sub conprises a plurality of

ported subs and the internal fracturing assenbly is selectively postionable

in at least twe ff S%Jaﬁn BRdIdied WHERSn the flow EEEmBY ShAPHRE a SlodoMr oo gdablet he
conduit conprises at |east one flow aperture adapted to allow f| ow between

an i nt erhereen pemmypieiipebgrysengsfirstside ebthg egopsover tool and an interior of the conduit on a

second side of the crossover tool and communicating between the first side of the crossover tool and

an annulus between the conduit and the borehole on the second side of the crossover tool.

3. The system of claim 1 wherein at least one ported sub comprises a plurality of ported

subs and the internal fracturing assembly is selectively postionable in at least two of the ported subs.

4. The system of claim 1 wherein the conduit comprises at least one flow aperture adapted

to allow flow between an interior and an exterior of the conduit.

5. The system of claim 1 further comprising a second conduit in the borehole; and
wherein the flow assembly is adapted to communicate between an interior of the second
conduit on a first side of the flow assembly and the annulus between the first conduit and the borehole

on the second side of the flow assembly.

6. The system of claim | further comprising a second conduit in the borehole; and
wherein the flow assembly is adapted to communicate between an interior of the first conduit
on the second side of the flow assembly and an annulus between the second conduit and the borehole

on the first side of the flow assembly.

17



5. The systemof claim| further conprising a second conduit in the
borehole; and wherein the flow assenbly is adapted to comuni cate bet ween
an interior of the second conduit on a first side of the flow assenbly and
t he annul us between the first conduit and the borehole on the second side

of the flow as ly. 6. The systemof claim]l further conprising a second
Condurt it hel BP SRS AT |HrEN HE sanau f Shirise T Spie! Beeap R o

comuni Gakeena®bMReficulite infltey inRFo0df the@ndditr St conduit on the second side of
the fl ow assenbly and an annul us between the second conduit and the borehol e
on the first side of the flow assenbly. 17 7. The systemof claim1 wherein
t he conduit cofiphksBsenmbofSddnd |Gehetdiihe AdSRdnk Yataslapérade sfthe 4tildattaime portedy of

particulate into the interior of the conduit. 8. T stemof claimil

Bher o1 n ShE s ek FongiRet tspise S ot S gy Mo BB RE Eopg B Lsup 1 <
sel ect i V@ktone hisigapdtues. bet ween al l owi ng fl ow and substantially bl ocking flow
through the at |east one |ateral aperture. 9. The systemof claiml wherein
the seal is adapted to be positioned in a portion of the borehole having a
casi ng whil e therhpeysteatofSldimilSviRasi the sakid addptedito boyaBienkddn b pbdion of the heI

atera

borehole. 10. The system of cl ai wher.ei n at | east one of the |
apert ur OET'%OIF H%""l%’r‘f\gé'ag g’}lﬁe 'ﬁﬁa‘)m?ﬁéb s mesitionst! inpgn yagdseq pgd Ogélf?gﬂof/ehg&rpri ses a
nozzl e adapted to direct fluids into the borehole to fracture the earth
formation. 11. The system of claim10 wherein the nozzle i.s adapted to jet
fluids into théo'ﬂ.g? @ﬁ@f“eorp ‘mgﬁ”g‘éiemaélefiﬂtgnee rﬂi‘%latiefﬁ‘??’?ﬁftf'rcﬁr?fﬁ’fff’”%ﬁ@g§ st em of
claiml twhigkefianfrichginp edstably Sotbpdsas 4 el aduppiits disecafl Slcianandindiele to
posi ti ogabl e OgB?‘tF?Stami ally block flow trough at |east one | ateral

"aé‘i‘iEf*E% i

apertur BHABTe to allow flow through the at |east one |ateral
aperture. 13. The systemof claim 12 wherein the sleeve nenber is provided

with a w ndow substantially coincides wth at.|least. on at er al
aperture when mgkgfyé‘@{}’e"fﬁg’%ﬂ’ “%%re‘ﬁ&‘i“to' fisgdapted t‘éieltﬁwﬁ’f 1"3%3? FHRGHO t he at
| east omecluptiRs @kth &pekatish, e. 14. The system of claim 12 wherein the sl eeve
menber is held in a position to allow flow through the at |east one | ateral

aperture. 15. The systemof claim 14 wherein the sleeve nenber is held in
position with & TheastemT@laim 1 wherein the ported sub further comprises a sleeve member

positionable to substantially block flow trough at least one lateral aperture and positionable to allow

flow through the at least one lateral aperture.

13. The system of claim 12 wherein the sleeve member is provided with a window that
substantially coincides with at least one lateral aperture when the sleeve member is positioned to

allow flow through the at least one lateral aperture.

14. The system of claim 12 wherein the sleeve member is held in a position to allow flow

through the at least one lateral aperture.

15. The system of claim 14 wherein the sleeve member is held in position with at least one

of a shear pin, a circlip, a ball lock, and a J-lock.

16. The system of claim 12 wherein the internal fracturing assembly is adapted to
selectively engage the sleeve member and change the position of the sleeve member from
substantially blocking flow through at least one lateral aperture to allowing flow through the at least

one lateral aperture.
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of a shear pin, acirclip, a ball lock, and a J-lock. 16. The system of
claim 12 wherein the internal fracturing assenbly is adapted to selectively
engage the sl eeve nmenber and change the position of the sleeve nenber from
substantially blocking flow through at | east one |ateral aperture to
allowing flow through the at | east one |ateral aperture. 18 17. The system

of claim1 whel®ilhe BEm emd vheridhs ey Satumgrypenil Myapenedftdand a
val ve pagivk besaed it thde® BRI tIRREve iRy seakiyiBedBiangw ewffiogiv Bin the badeh@w f 1 ow
fron1mjthiq}the borehaole into the internql gﬁggguring. ssenblggand

subst ant' Mg ey RRCRIBEAFTREN Gid WSty flagkdiongirom et ihe RymabZacBBEy i nto
t he bor ekeidly id8 theBagehsgst em of claim 17 wherein the valve is a bal

received in the open end and substantially block flow fromw thin the
internal fracturing assenbly into the borehole. 19. The systemof claim!]l

furt |hFr Clorfpr i $$h MYe éstshehﬂﬁ&tan@mﬁwa&!smtthegl@ndgd atba]gxeoﬁndég lﬂghe spéhstr‘mcamﬂl i al gy
axially along the conduit on the second side of the 0 sse y an

adapt ed St‘lﬁftangﬂh‘rﬂWﬁiégf”eﬁ?‘f within fiedpgal ractubiag asserphly {nfgihe g{?rg]ﬁ‘f'engt h of the
conduit. 20. The systemof claim19 wherein the at | east one shunt conduit

is at least two shunt congﬁ%ts of adapted to communicate fluid to at |east
two different Podatmsivd Hickiy [ivEher canprining pt lgasgone shwg genduit sxtendiignet hod of

fract urisggstaansiyxaug hloRamK coigiud oh He8RQhEsilidofaRe AV dsbertly Bk ddfed toCONPr i Si ng:
positioning a conpletion string in a borehole, the conpletion string having

npl
at | eastcoBAwneite {lgid alogg agast §portiantfadensth ditherc@rdWing ry of particul ate from an
exterior of the conpletion string into an interior of the conpletion string
and having at |east one fracturing sub; ?ealin%wan annul us bet ween t he

conpl eti on st r#hdPamtermy chgp dhghereinthepieay) oge FJralsendyibe ghlsst RestH ar ound

the at |®@agdits oMRapted HROmMARRRID AMiditdhtQedsNRo AMRMINHRcatRAS NBGNhE RAgtE 6NRE et | on
string and the borehole via a passage between the seal and the filter

assenbl {°88dvitt ract uring the earth formation with the at |east one fracturing
sub; and producing fluids fromthe earth formation through the conpletion

string. 22. The nethod of claim21 wherein fracturing the earth formation
with the fractal iﬁhraetg%of fracturing and gravel packing a borehole in an earth formation,

comprising:

positioning a completion string in a borehole, the completion string having at least one filter
assembly adapted to filter entry of particulate from an exterior of the completion string into an interior
of the completion string and having at least one fracturing sub;

sealing an annulus between the completion string and the borehole;

flowing a gravel packing slurry around the at least one filter assembly into the annulus
between the completion string and the borehole via a passage between the seal and the filter
assemblies;

fracturing the earth formation with the at least one fracturing sub; and

producing fluids from the earth formation through the completion string.

22. The method of claim 21 wherein fracturing the earth formation with the fracturing sub

comprises introducing fluid through the fracturing sub to impinge on and fracture the earth formation.

23. The method of claim 21 wherein positioning the completion string in a borehole
comprises positioning the completion string such that the fracturing sub is at least partially in an

uncased portion of the borehole.

24, The method of claim 21 further comprising changing the fracturing sub from allowing

flow of fluid between the interior of the completion string and the annulus between the completion

19



conprises introducing fluid through the fracturing sub to inpinge on and
fracture the earth formation. 23. The nethod of claim 21 wherein
positioning the conpletion string in a borehole conprises positioning the
conpletion string such that the fracturing sub is at |east partially in an
uncased porti e bor ehal . e thod of claim?2l furth

conpri si® tj‘géﬂ‘gﬁl?@g?f@h"{%@ sphstpopy &%ﬁ:kg‘ﬁygfvr(’gﬁ?g%fﬂé‘(ﬁf% C”Fffrﬁ’\'i\f)%(;’ ARyl fa‘oBet ween
t he i nt gfringandbhe bit@ (e GBRLET he Borsilétiongiringand thebatthuld. us bet ween the conpl eti on
19 string and the borehole to substantially blocking flow of fluid between
the interior of the conpletion string and the annul us between the

conpl etion stringhameihbhef ddimeh oihercindbe filldrassemblyeompfises htdean cht oflneneéi n t he
filter assenbly ri ses at | east one of a sand screen and a slotted pipe.
26. The HEFHYY? 8%“%?%{?% 21 wherein the conpletion string conprises a
crossover tool; and wherein flow ng gravel packi ng slurry around the at

| east filt mbly_ i nt bet th | et tri
andt he. bor ehors  FEER Vil SUer Bhr R PROBTE Bt GIorey ooF oM o

interior of tvhereofﬂxﬁz&@g/gavenpm:lkmlgram&ytahamameudlwst aetfieessdnitdy tanpd ginkog
string and th hol e, cl ai m,21 wherein flo ravel
acki g MY (e BB eisE4pe (e BB giepfufA DERnE B B s S ng
gravel packérivgofthtltloysoldii@llgio te hatfu@is dbtwagahé tongpl@fon atring ket thaborelfalact ur i ng
assenbly positioned in the conpletion string into a |ateral passage in the
conpletion string communicating the lateral aperture of the internal

fracturing assentthyméhbiof dem@nRibeistn fetine@Bvel feking ONRY @icusdiths bt leasgor@nd t he
bor ehol [

& 28 he nmet hod, of cl ai 2&. erei.n the conpletio strlnlg conpri ses

e T casE LAy S JLOdts § A DGRBS, U g 8 e & PP

g onpri Sﬁ‘gacffuﬁﬂgiiskﬂ’mmljgpdshﬁnéd)h fﬁl’&tdofimlehdih Ating .masltl?tlémq)as@gé ?Itlfmglcoamamndstﬁ@ 13 tions
y introducin east two axia spac racturing, subs to

i npi nge CBWmél“‘g?t %&qiﬂer& apF %ﬁhél‘i‘éﬁr%“l r?@“”“ﬂ‘?éscﬁ%’{yh‘g@ tg? a'&“ﬁi‘“&f?t?@e ®rein

fluid i somplefi@tuatnt e®d@holdat | east two axially spaced fracturing subs one
at a time. 30. The nethod of claim 21 wherein the conpletion string has at
| east two axially spaced fracturing subs and the nethod further conprises:

fracturi ng t he2g ané hefhod amdlmmwmehlﬁtﬁmm;ﬂdmﬂ stallng c@ﬁprtsmtieram\wmmg subs;
roducin luids. fromthe eart rmation thro | etion string;
P ga ed gacturmg subs and %e methog fur%er comprises fractqug the rt30rmat10r1r1pm at least two 9
axially spaced positions by introducing fluid through at least two axially spaced fracturing subs to

impinge on a sidewall of the borehole.

29. The method of claim 28 wherein fluid is introduced through at least two axially spaced

fracturing subs one at a time.

30. The method of claim 21 wherein the completion string has at least two axially spaced
fracturing subs and the method further comprises:
fracturing the earth formation with fewer than all of the fracturing subs;
producing fluids from the earth formation through the completion string;
ceasing production of fluids; and
after ceasing production of fluids, fracturing the earth formation with at least one fracturing

sub.
31. The method of claim 30 wherein fracturing the earth formation with at least one

fracturing sub after ceasing production of fluids comprises fracturing the earth formation with at least

one fracturing sub that was not previously used in fracturing the earth formation.
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ceasing production of fluids; and after ceasing production of fluids,
fracturing the earth formation with at |east one fracturing sub. 31. The
nmet hod of claim 30 wherein fracturing the earth formation with at | east one
fracturing sub after ceasi ng production of fluids conprises fracturing the

earth formatio fracturing sub that was not previously
used in fract uﬁ \r%e PR O%‘é&? @6?@?{ GPI2H832. The method of claim 21
further conpmpbsSiidgig qaostbmald‘mcmgngﬁssmﬁlﬁrnnad fricnaidi Wih, kg istseifbicyring t he
fracturin i nt er nal enbly adapted to comruni cate
1t 6oReb parisde PRGSLliRe A RAMEIBRIERIERN ! ng the ear th ormati on with
the fracturi mgle&utfracmmmg tieesrti foauatiog uflthalcetfmttungg sufbl comgrifes ﬁnwlngrﬁlectumngr nal
fracturi ssenbl rough the fr r ubt r r

For o1 i FSEGE R B Al Bt (i Bpdifihe e L BREIE e SRS has a
plurality of axially spaced fracturing subs and the i nternal fracturi ng
assenbly is se abl it.i qpa ast, .t of ural i t
axially spacedﬁ%e&g?\ "%P%‘é‘sé"ﬂ'ﬂga “%ﬁremfﬁeeco feﬁl8215t8flg%sa?ipmr§§y f’ﬁ %lérspac

conpris ifmgupn@subs aditingintelal Canping hisembls iy sclegtattln gositiontide inedt [dastaed of tharg
assenbly the sanme run into the borehole. 35. The nethod

of claim®¥ Ttmhfga?‘é‘ﬁ?ﬁsﬁaf%(ﬁﬂ?g’“@?él{Pél packing slurry around the at |east one

filter assenbly conprises positioning an internal fracturing assenbly having

at | east one | al .apertur i th the at st one | at er.al ert.ure above
the compl o+ ontka Py HEM AR 4Be HyrEh e e eRiy e LR RERS it

i nt er nalintémaldiachifinpasssskdyridl the WorchokUh the Ramd xahaﬂatheaplehdslelre into the annul us
between the conpletion string and the borehole. 36. The nethod of claim 26
wherein fracturing the earth formation conprises positioning the internal
fracturing as smﬁhymhuﬂod bt 20 @ﬁlﬁlteirﬁhﬁvifig’ @atelipdcRigg Sluby andnd thew leugt one
fracturi fluid throu .t he intern fracturi ssenb intpo the at | east

A & 3 Rl g fe

one fr adt G HPOSUBEPESFPRUEUIMRE HR e Ey g BRSS YPERATIIOPE ai m 36

wher ei n apéraed withi the att BBt @RNAtéral pediaeé htdre ﬂﬁmﬁplsm spigiahd ﬂﬁl\iviﬂg grabiél @adkiriger nal

fracturi sse e at |eas n tur sub a | oW, n

1 act ur iKY AR Pl tghcr Re pRERP AR 1 HETPP I oa e B RS DS bfereast one

f ract ur itGospletibrostififgmt tiiecbotdhelef or mati on. 38. A method of fracturing an

earth formation, conprising: positioning a conpletion string in a borehol e;
36. The method of claim 26 wherein fracturing the earth formation comprises positioning

the internal fracturing assembly in the at least one fracturing sub and flowing fracturing fluid through

the internal fracturing assembly into the at least one fracturing sub to fracture the formation.

37. The method of claim 36 wherein fracturing the earth formation comprises positioning
the internal fracturing assembly in the at least one fracturing sub and flowing fracturing fluid through

the internal fracturing assembly into at least one fracturing sub to fracture the formation,

38. A method of fracturing an carth formation, comprising:
posittoning a completion string in a borehole;
gravel packing an annulus between the completion string and the borehole through a
crossover valve having an passage to the annulus; and
without removing the completion string, fracturing the earth formation in a plurality of axial

positions.

39. The method of claim 38 further comprising, before producing fluid from the earth

formation, fracturing the earth formation.
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gravel packing an annul us between the conpletion string and the borehole
through a crossover val ve having an passage to the annul us; and w t hout
renoving the conpletion string, fracturing the earth formation in a
plurality of axial positions. 39. The nethod of claim 38 further
conprising, before producing fluid fromthe earth formation, fracturing the
earth formati off- Tgﬂmﬂfg?yeﬁlﬁéa”ﬁétgPi”é‘ﬂreB‘ffraéfu&P%h%gaWBP%‘i“ﬁ“f’?’ﬁ?ﬂsﬁsﬁi ng the earth
]for mati on COffﬁEﬁﬁﬂi(ﬁﬁ%an gﬂ&@ﬁa?l}ﬂa@!giiﬂgas@ﬁnﬂlﬁIn&arﬂ}étlﬁl‘af:l:cilﬁﬁg $iibistch tﬁﬁ&'ﬁ[&]ﬁtlﬁwi na first
racturi.n sych t uid in the internal fracturing assenbly is
communi é'ﬁ?rE%L'{'EaBt"’E"FFeasf‘i’%’hﬁl”?'ﬂ@'“g‘ﬁﬁ?ﬂf)meg%ﬂww%ﬂ*bf racturing fluid into the

i nternal fracittedidgg REALND fyidtito thtantinbiStacfuFiag dsderhblg totibfifsofraciuriag kutree t he
formati qn. Eo%:iggi oning the internal fracturing assenbly in a second
fract ur RS SUAPhat fluid in the internal fracturing assenbly is

conmmuni cat ed pbétidnigy themtenthl fricheringlabsd@blyila st fratturiag s sagh fhatemiidinitiey f1 ui d
into the intefrnal, fracturjn ass,ﬁaém?:gn% to the_.second fracturing sub to

fract ur "ERY TragiurRg 3sEmb ﬁ'f.cg’?ﬁ'@“' dheseeoet SeeHmne ovafler conpri si ng
repeating t hentfoaldifyfratiring EluldlintdBHeanteinBEacturipg HEeEBINE the secolsl ffacmang b eart h
formation thrgglgt} the conpletion string; ceasing production of fluids from
the ear thTSFAEF YA Ynd wi t hout renoving the conpletion string, fracturing
the earth formation. 42. A nethod of fracturing earth formation,

conprising: posjtjoning,c |l etion string in a borehole; gravel packing an
annul us bet wee%l : th%metaﬁia?fg%‘q?laﬁtﬁ gT'Tmehﬁ’"ﬁ’ﬁ'g'"g FFac3ge gﬁ&?'&e"“ﬁ‘ﬁ%ﬂﬁd’ﬁ mﬁl% MSssover
val ve havi ng padilufias 8dgefré tHehR@rtiafontiation thredghhiedompeeoy stfige;t he conpl etion

string, fracturing the earth formation; roducing fluids fromthe earth
formation t hfmﬁ@ﬁ%f%@“l?&ﬁﬁ}'lé‘f’? g?f“ngler‘?aﬁtbfo”g?f@&sﬁnﬁg production of fluids from

the earth f oAbtV phtdniyddtion kEINBMiB@rihdBe eftidb@lation string, fracturing
the earth formati on again. 43. The nethod of claim42 further conprising,
before producing fluids fromthe earth formation, fracturing the earth

formati on. 42. A method of fracturing earth formation, comprising:
positioning completion string in a borehole;
gravel packing an annulus between the completion string and the borehole through a
crossover valve having an passage to the annulus;
without removing the completion string, fracturing the earth formation;
producing fluids from the earth formation through the completion string;
ceasing production of fluids from the earth formation; and

without removing the completion string, fracturing the earth formation again.

43. The method of claim 42 further comprising, before producing fluids from the earth

formation, fracturing the earth formation.

44, The method of claim 43 wherein fracturing the earth formation before producing fluids

from the earth formation comprises fracturing the earth formation in a plurality of axial position.

45. A method of fracturing an earth formation, comprising:
positioning a completion string in a borehole;
gravel packing an annulus between the completion string and the borehole through a
crossover valve having an passage to the annulus;
without removing the completion string, fracturing the earth formation; and
wherein fracturing the earth formation comprises introducing fracturing fluid into a fracturing

sub and directing, the fluid to fracture the earth formation.
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44. The nethod of claim43 wherein fracturing the earth formati on before
producing fluids fromthe earth formation conprises fracturing the earth
formation in a plurality of axial position. 45. A nethod of fracturing an
earth formation, conprising: positioning a conpletion string in a borehol e;
gravel packing an annul us between the conpletion string and the borehole
through a crossover val ve having an passage to the annul us; w thout
gennving thehcaﬂpheﬁk?adsﬁm&mgw\ﬂkﬁﬁhuﬁ&m@nghﬁgﬁ&@&hmfﬁﬁﬂméﬁﬂmumg@ﬂ;gherein
racturing the eart ormat i ris roduci n turin uid into a
£ act ur IAGPEE BRI RS SR G S 1T et et 8ot ah B M bt 1 on. 29
46. The inehhlldthcnfingdsadnibldh cofainicated 0tiedEidtikingsidbr act uring fluid into the
fracturing sub conprises positioning an internal fracturing assenbly in the
fracturing, sub such that fluid in the internal fracturing assenbly is
conmuni cat ed t 47. trhemémxastbmdnmglssumbrexm;er thb eartiEfbiedionfs fatmiemvih thherei n af ter

the earth formati ctured sub, .chan t he
Fr act ur GGty Greirs bR EGH Brmeharae Ber SEUH B Fivi FaRorar ene
conpl et icomp'sti¢n sigh gaﬂd a@ihnaR rn:aﬂu&e:bﬁé wanpletion @trmg msxi it barchad foisnigstaatisllyt he

borehole to. s bst i | ocki n | ow of. fluid between the interior of
Che: compRing Ao of Mg Baindenie il Sshe Sttufiian it e amatvghOeE Mg and t he
bor ehol eom@@tionHiengmal Fedorholel ai m 45 wherein fracturing the earth formation
conprises fracturing the formation in a plurality of axial positions. 23

48. The method of claim 45 wherein fracturing the earth formation comprises fracturing the

formation in a plurality of axial positions.
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