SYSTEM AND METHOD FOR FRACTURI NG AND GRAVEL PACKI NG A
BOREHOLE REFERENCE TO RELATED APPLI CATI ONS The present
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Application No. 10/871,929 which was filed on June 18,
2004. TECHNI CAL FEELD This invention relates to
conpleting a well in an earth formation, and nore
particularly to a system and nethod for fracturing the
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thegborehole 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
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
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.



the borehol e. Accordingly, there is a need for a system
and nethod of fracturing and gravel packing a well
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of the borehole. SUMVARY The present invention
enconpasses a system and nethod for fracturing and
gravel packing a borehole that can require as few as

one trip into and one trip out of the well. One
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f h@pteditd ABer@htry 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
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

packed. Fluids are produced from the earth formation through the completion string.
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earth formati on. According to the nethod, a conpletion
string is positioned in a borehole. An annul us between
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packed. Fluids are produced fromthe earth formation
t hrough the conpletion string.Production of fluids
fromthe earth formation is ceased. Wthout renoving
the conpletion string, the earth formation is
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with the invention incorporating alternate flow paths;
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FIG. 2B is a schematic cross-sectional view of an alternate illustrative valve
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and actuator suitable for incorporation into the fracturing and gravel packing system

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;

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
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and gravel packing systemof FIG |IA and FIG 8 is a
schemati ¢ cross-sectional view of a fracturing and
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wi t hout a crossover tool; andFIG 9 is a schematic
cross-sectional view of a fracturing and gravel
packi ng system gravel packing the borehole w thout a
crossover tool or packer system Like reference
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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
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

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



The illustrative inplenentation of FIG |B, also
depicted in cross section in FIG 1C, further

w0 pweioonat es one or nore alternate fl ow or shedit/UpzN$621069

10

15

20

25

30

25 in the sand control assenbly 24. The shunt paths 25
are tubul ar passages that provide an alternate fl ow
route for fluids, such as gravel packing slurry,

t hrough t he | ower conpl etion string 20. Each shunt
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rrr%reu?ipulation 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
completion string 20 between one or more sand control assemblies 24 to define

multiple production intervals of the formation 14.
5
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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 received in the
borehole 12. It will be appreciated by those skilled
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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
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
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position (FIG 4) allowing flowfromthe interior of
the crossover tool 28 into the |ateral crossover

passage 33. The sealing sleeve 3 1 defines a portion
of the axial passage 36. The sealing sleeve 3 1 is
bi ased into the first position, and is adapted to
receive a sealing ball 37 to substantlauﬁé seal the

alxdctire pandeldd, Bdrag Ploek Abrerderiongliea wbvg 44rdstall feoay e 31
' &os@?@eg EO%PZW%JV% leiﬂﬁlaiabfe%nﬁgﬁ b LloSda ﬂogltlt)ﬁ‘ ﬁla§§§ﬁ’r&qjy

posi romthe V\Blg he seal |ng bal
vélosas the tehxiaoﬁth@p@n@ﬂ fin¢taringassembldB ang anmerop%éron that allows

C@%cfi Flg\lp'l/ rtliarE)l %n[ﬁe o%rﬂ?e RNl fr&c?lﬁln%_b %s%mi;@ U QI? E tially

&r'na racturln asse exten s from
t prlezﬁea&ﬁow elbplbiﬁd) in BIG. h@,yhmmh,lveoﬁl%l ibe Isem\hmg bdik4q thatesabsent

frac The ernal fract
O Bt e aPEPGETURR b SRR FA8C I open
i $B’éhhlgjl§ialﬂll 4f ik &ﬂﬁarﬂdﬁnﬁﬁlﬁﬁjinehoﬁcﬁ' theﬁm’téﬁﬁgfrh‘iuﬂﬁig aés’bmb&rﬂB from
tiona a val ve 44 di st al I, 0S t
& Sipfge piipid oy e e B Bens 0% (eGSR AR QL Bhpve #Pivhen
f P& dteslfea thad @te v&ﬁ;% :44 lng gmseald optisndlpeaseesh i0 FIC. 18, ihekelingl
racturing asse and an open SItIO
Al A g AP FIoB O 4 PSS &atheh@g@ﬁg engples SF“ﬁiné Fv?#iﬂﬁ to act as
f § aetiiding n@%ﬁﬁg@éeﬁl B8end &F tﬁg‘lﬁtekrl'ﬁpfr@di@dﬂgﬁkéeﬁfbly 38 when
depicted in the valve 44 is seallnggball 46

t fhewy from thdyaisripr q)frtb«rﬁnteweal ﬁﬁthrrgaﬂssmrbbemqgmj toyHev apt apd
éﬁ Wﬂ%ﬁ) b 'fﬁ)wﬁtﬁﬁiuﬁﬁ%etet‘]@%f hbfuiidh \ﬁ%ctﬂﬂnéoe%sé?ﬂﬁﬂg ?8 wﬁen

is released into the interior
i fiove putsnlde ﬁfﬂa@: mmmai draetusiegussgmidp3$ bfeﬁmsﬁﬁ dowun.f Alseenately, the

R

gbllmi.denﬁ gpdr?; ﬂn@mwdéi qfta vabye $¢ emblas tiel iGer@Bractivinggesgmbhygs to
. in

caiodds FREs D FRbY BT AR SR ST,

no

o R VRS g 0 B el i

i mbmlaﬂwldy omion 6O witg apggend|bpre3. (kg |oantempf>1rtw erjettingnd

STERLE e E

i condipmad tof Jeaﬁessumzeg ﬂaﬁbelﬂblh the 3@ctosgg swb 22 ontb Ktwveaith.

AL TN XTI I

Oﬁﬁrbf tHeriatetil vie 64 todntémalerefdn emﬂ:bﬂaﬁtﬁllty lmﬂ)ul'lan slesweahember

fracturb?ugq/%I5 %ggbgﬁgg5tgwgﬁﬁ%ﬁgggﬂﬂég3Q§@ggghﬁﬁﬁ$?nmi

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
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



Referring nowto FIGS. 3A and 3B, the fracturing sub
22 has a substantially tubular body portion 50 with an
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apertures 54 pass laterally through the body portion
50. The jetting apertures are configured tojet
pressurized fluid within the fracturing sub 22 into
the earth formation to hydraulically fracture the
foorenfi2t iTha numbeslob windews 66 neesl not enpreepond 42 the sRRbE Rdich

R L EF R ihd¥nFE0 1Ry spah Blof BarPone jet aperture 54
saggrglr%nstﬁf g? )3{/ t&%lﬁ arn%s ‘eeve merr}l‘oéef)l'rc1 58. T%e nsel%%ljl %Ierr_e
56 vitayerse Seatséd e prowiddd abhee anddglopohe Windose 60 fogyubstantially
ex l.e .formed . wi.ih,; ] . 1&gy hady
ﬁS?alta Bt B8 rOf\#ﬁlﬁl' Egré&%trﬂ})d\f'%@g nglgle}gﬁétg%%r at é&par’t oeve
resTibeabs is configuaddsych thet lsayan pppdriendio50e slfeye mexabephabats

a . circlip Qr sn I -lock..nrofil e, I
teipenBoden i B i o Bl Bl i e e flbryres,
B Th 08 ihRiratMeemplementaticresfiFeG. 383 tHesleeonhéergbar 68 it locked to

slide axial] i 1 hi, he.internal, bore 52. (ne o r

e SR nggU e 0B WO v R B SibaB0tngRise e gt FErer

pBrifOy ¥4 U Bbartpih SUDWhéthé etlebiypifi 61 BWrcl@nyht Kledveengntbier

apertures 54 or to not coincide 'th.tBe | et. apertures
g pemar ot sohat theWiders ﬁ%&o it SWH?HE?I e‘?\?@ci‘?ﬁnﬁﬁ? slegye

| Rerhhie 55 BiLENBLhBOEE& saéh thANWhdhtikBper@hd Vf Rl Sesve GhbnitREsR

not correspond to the nunber of %et apertures 54, for

edvatsphesuppetrbowde Shi theisindens A5 bsiatlksPRCn I drEc] et
aa%g&%rg{ 5. Sﬁﬁ%a \Hléécﬁ 494{ 23 te@ﬁ%n@a&%h@ﬂ@ev@ LRMbEESR, sbye
a el ow the ﬁin ?

ows 60 to substantially seal against
pthe slagye neinbet 38 ahd drag hlerk 42(maysdogsthieves 4 yash enent at i on
of FIG 3A the sleeve nenber 58 is configured suglg
t hat vifeedragiplagkdeis arber grlantaddo disgrarge Hamilis slesye S8

tha g%&g@ﬂ&\;\?{l&l{%ﬁﬁ&. %@thetilﬁ\ﬁum%%ﬁ@@&a ot 08 32 4id 3B,

col e Jet apertures I n i
i drie s oz halldodke BB enthetexterionpidhe draghlodpt2 engegeq ragipg profile

Ghe g1§erfo§ %%ﬁg gﬁggfe tnﬂan{ﬂaff g r’ﬂfé%ﬁhg gros'fi%b 7 mg\yidgéod Abkenh
t he W ndows substantially coinciding wth the jet
aiptrwhiclethe Butwbidlnbigded &all picks @Slare yaeired thgois s gpgagpriheadrag

i roke he sl egv . : t

B R T

sdiegyszembabait 10618 G8awhelneheodyad blgek 42dis satatkd ¢lbekiwiserelatigerio
f er .58 abuts

upper end e.sl eeve nme h

SR ey masgier ot Ofe SRel RO REh S AR o] R HRARY docks 63
V\Adrta kbutagted jn@d tha aﬁguawﬁe 22 bHowitf the dlr@g)kh:lé(da ko 14@?] itsough the
ada Ie 1 0 _engage. t S| eeve. ne r , S0 t hat, the

S EDpEoh b e BTy T T a9 70 n (R Sy il on e

URdkvkr 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

skilled in the art.



The drag block 42 is further adapted to di sengage from
the sl eeve nenber 58 and pass through its interior. In

w0 b@eiodd7ust rati ve i npl ementati on of FIGS. 3A aPdI/BR005/021069
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one or nore ball |ocks 68 on the exterior of the drag
bl ock 42 engage a mating profile 70 on the interior of
the sl eeve nenber 58. The mating profile 70 provides a
detent into which the outwardly biased ball |ocks 68
are r dbeiigetdretmeangesi 0 mehld@@agémOtewgn@waSé“rtﬂoa’éwth 0
t&%cgt# %ﬁﬁﬁhé‘@mag\;/s 6Fof tﬂ@ﬁee‘@ﬁﬂeﬁﬁeﬁ Ser'té Rotlc8ineiad il ke d

ease, di sengage, | ocks 68 when the
dwiadovd @odk tMeZslqese memhersd d@p@émogéherms@pn oEthe ragths

Sl & eief 48518;%3 lﬂé % th %]&f(‘/e grlsﬁl%glg%%e bR P grmhdld% 64 need

profi re retracted Into the
o gortdspaid td the a:hinbcm aff gvitndoevs @0 aythb klece mgmiten S dersexample,

t hr h the .nterjor, of the sl
e st rel WoR g4 ' i o JER TREYe b Window 60
edidricefveisheSalssbuge prenidat atble albetnw the tindemd $4 af the frecture
r 58_as s de |cted and 3B.

| El
TS R RgReh e et woroegof fitpney BB
| @fpkentcantibl of G DAhalerart headrabioydag blldtk £nandiiledvie aember

B ey e o e R b B b Bttt shae

SLEWRI HBSR e Réhdolvo b4 6XBERh@ure Byandrel Axubstaialptaibtige
collets, or other configurations known to one skilled

i viith the wardowpi68 of thg sleaveansmbidr®l 40 i ncl udes one or

d 64 d
T TR o RS A AL i
W Qyntaltng bR WordRacfrink REvsPaexa-ife¥verehoR 1delDEébdmf}bge

on the position of the fracture mandrel 40 in rela%
t on 2 Werkiigseng 2fe HBe puslEr anheoskigaos e @fac'iuﬁ’ég WoR 4ot 84

n\%g«grv %%ﬁ%ﬁ%&ﬁg@@ Qo Batbd18 tﬁblﬁﬁﬁﬁ)% Al pobiRSIPYEIeSitdl fihctuRe

for exanple, one fracture mandr e

vibasidions thrfaye@(lfaﬂ Aide dnterpalirasang psserplely AR isFap-mY g the
60348 co ;ﬁ’hﬁ&lo}‘ %%r&ggo gﬁ@#oﬁltﬁ)ﬁeﬁu@h BLPNE g bRRR \4§ 1%ﬁ)w the

bel ow e fracture nmandr el
sl@b@l;tdm:ﬂuahg §ub52éa Dugiga ivmsingpa dwagferiesfol fhelhOtﬁhollerIZtChlé

e e TS A T

cthrduighy tHeensliab peskagt BA DT thh emsstoher tolg tigb d@lbO@OEriééigw the
t he, sl eeve r ,58,.as |be \Y; h ows
eBacker Wﬁ@“fzggagﬁ?ﬁ‘é‘ bl o q’f) ?i g‘l’“ﬁ‘t_\? @Y:e‘:wn 8?de

Wdqliericb®with fleWitg o] dfwnirasal thfoﬁgh/’ﬁhe neiniieg stbfg 27, fluids can be

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

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
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



Referring again to FIGS. IA and IB, in operation, the
| ower conpletion string 20 contai ning one or nore
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exanple, 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 desired fracture positions in the borehole
TRe setieg dlerve B htol alfoweftomuthraygh thedetemsl Baswge PZand fhe fefims

g%&%%{ { he lower conpletion string 20 and positioned
uc %at the drag bl ock 42 is bel ow the | owest

fract wddag; : ! isTagky 170, d/Bi8aliy fr&ck Qfndh
the b%secﬁ,gllct%lﬁh Fi&, 4, U a0pdo B s Ry Stggda grgrf el @indQr

e 12 can optionally be was| | owi n
fhari-ohadtowsteralds itnodurgh threnghwer workipg stringRd. through ﬁneé%@rhl

06 Fgési%%%mﬁw%&g&fvef 81 %! AERNEhe &nﬂ@fusd 8%3%{&5& thbe

boreho bel ow t packer system 26, an up
tloeenwmintpietioh string 20 andethobaetiake 124 Thervakye 4 et the base of the

ABPCRR G Sutlasgpes 1 Eptrotd eBUBR e O RUAR obfine

ad3 s tlp 3 Bl dpBratelie asvaklgripeato flofv retams wpwiiidrilgrosghr theigphis

ast t cker. em 26 a ack the.jnter.
FiRereom i Dty 7 oo R D vosRphf s Bl
aglobatied sechIbaheta@atdatlow Mehionglewindswoé4 drdemocakk g need

16. The crossover tool 28 is actuated, to f]ow fromthe
RSOV OF SIRE THBReE FArRtl P EPatad b et
CHRS RN tHRAGRPDRtrSAssedidlled 1 @tot theintmidtibithe BéveD&inveidon
the | ower conpletion string 20 and the borehol e wal l

1ting 39, epeeflow theneh she iplermal acarrgasemBly 1 theques the taiumsg

| Bssabl'83 6f 88 S10¥RYerliQhs 2B dlirfto alauAllfs etk dth HROMG KRG
the sealing ball 37 through the morklng strin

27 to
| ez 3 Trand e aseing 16-hi aimplemsaiaienfiving shupd pebs 7?5 (gee FIG.
e «
PEATHERSEAADS 34586kl ) O 1 gty
depiet peairigrprcies if, £or examyplaxaetang bidddedernes| iy fheyanmagus between

typical | r - [ j

| P bRl i Bl RRSEREnREY R, et e apaulus
| #t.eral crossover passage 32 of the crossover tool 28
and into the annulus 34 between the | ower conpletion
st ri ndiRe camgletibreoftgsavshpricking 2f thylganujes 3fethg groggoverjgol 28 is
b ; . : S
R0 BUS PLELDR il R FE bt Spaggee

t 36. Oypdveatddifpsovadedpis jso petuated ¢lbssds Frethe ilivstraijypdmplementation

PR 43 Tl R PR RRAR, e WA B i trovgy

the working string 27 to draw the sealing ball 37 out of the crossover tool 28 and

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
string 27 and the borehole 12 (FIG. 5).
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unobstructed such that returns can flow in through
wi ndows 64 and no val ve 44 need be provided. In either

the returns pass through the sand control assenblies
24 into the interior of the |ower conpletion string
20, and flow through the internal fracturing assenbly
38, through the returns passage 33 of the crossover

t ool ho@hcgravnt mcking therbarchols 125 desarihed abavR atiliging? ng

fgg{;!fon : 3 Althe cﬁ%so%%éﬂo?lgm]cg'n__laé finfi APl E BERAGE 1 DBravel
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e i i PR ALaRhEF G85ghoryod oy FAREEY fro
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r.ou t he an S f I
e S P P2 SRRl R 35
etwiah e 1&%&5@@%&&@@ maﬂwmbmseage TB2 imerdalditaboving
flow through the, axial

i f
SFSUTblICHR S Peeddp ook e Pat A B2 P e Y o
?Magé@urﬁtlht@ Rhennithé34 By pdshidniap @eSev@sw 606 the fadtsre
ctuated closed b dramnn fluid upward throu E
wrnkteh 40 gxqomgiezvzgxtbe ‘apwqr Ressages ﬁgﬂﬁ%ﬁqr EPR‘ 98
hﬁ%rGfZQ§ AQYE thdf th%%nt@x%} of B @MErnall ftachPink B@eﬁld]'yf% CtBrough

ving t e seal'ing ball 37 enabl es flom1through t he
axinddw phduta de lateraberdssevrappsagerReansdniojthppnaplas Jb begweqnghe

v\s{'gr tg‘lleagnEtngEO RS hb@hdiP1seal the lateral passage

ere ns passage 33. Prior to fracturing the

f o r na?“l@ Ry defictstaNEwer @RPRYISH sthif20 ¥ ihdut a dFoB¥VeBYNY: Packer
out of the packer system 26 to allow flow fraom beneath

aystemy bmithistingansedhelowsteomplation siring 80 {sRositiangg lpeselyzt the
e r

(B R e A rBle " hehlefo i o Bl B gFabove the
dewexrqohfptbtlab sivisg 20 aid gravey parking sBsmvaris ingeducpdthrqugh the
crossover t oo C
PR e g g TP b L iG] B o R e
?x&nqﬁetldﬁ giriag 2 amhmE)l tiBSannBlue B4 Betwh¢rGhe Borplgtiant s¢ring 200ne the

WQWE} on string 20 w thout a crossover tool, but

packer system 26 with a | ateral crossover

eSSt oGRS, SRy Rl
pavkieing Sylsst 2rto@fhea with et iwemal fravgiring wesemblyrish ab ifigpture the
S%or | nt[%nzlg 11? Q (sjinélg %os?t%n? ltrhelf:‘react:llirze ma-llr-l fel |46] LEE %lteé&l%&tldﬁhg g
assembly 38 is positioned in the fracturing sub 22 corresponding to the desired
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
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
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assenbly 38 is used to direct gravel packing slurry 72
through the | ateral crossover passage 32 and into the
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fracture mandrel 40 to coincide with the crossover
passage 32. Thereafter, gravel packing slurry 72 is
flowed through the interior of the internal fracturing
assenbly 38, through wi ndow 64, into the latera
drossny @b 28 aansdlyepracess renektidnif desited, fanvwpagyens Arapatingen

t he..l . 14 at
prsory GG RGO Sl G @ity (RaaR St fudn 14
ct]iedswest &actumug sub 22 pae sy chgast torbeginfrachirigg phay Mg, t he

vwer. co u S V.
g RN oo Rt hbiR o PRl ADEE bRApElaBly |
menfah ﬂle3(&N¢SSfrﬁm)lﬂ‘lrtgl som22l Bbﬂwmldrh éeWQI\Amn adioxfmeeftap‘@lnng

Stri ravel |
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Qikimakibe 14 M‘éx\ﬁn}ﬁé ioMeyr bd d'b@lrd]bﬂﬁ A Itltdaehmﬁ oﬁcbmpbﬂnqntod’tacblm
string 20 and _ into the

S iomeationr 198 FaMEbostoRn ot e THBPeIfL PLoVEs FRAREPE 98 2%

th Gich3n ekdiplé, P @kir@ frabturing sibs 20 tats Bed wsfraagu@me f@mation
nore of the fracturlng subs 22 to t r Wt

i ead halremsipiog frrHENSSSR AbISPaggnY QB COFR e‘i‘%ﬁacwnng’

PRackfridghs@niyH 8 rdeodréd £.thd WEll fb Rt fer be
ﬁ%ﬁﬂﬁhk- 6 o%gﬁﬁe |errngl fgacturlng ass%nbly 38 is
pogducédoned in the fracturing sub 22 corresponding to
the desired fracture position, the f ﬂ?llon 14 i s

hydr alit eashms{anes asdhq pkgnahipeurnessemp FRYEBEEd

tALQNAR oS, HRteIN bk aG1 Yhd ol BtePRSiSEHRIes &%n@eé &sleeve
escribed in nore detail below, and the intern

fmerslen b8 ael lifssBorpsye BmbRET RS pbw he hewler Wt thFoﬁactunng
f%i%ﬁ% k%g i §A?Tg1r rg@és sotﬂe Hifeve IR Ls S eﬂ;@ﬁlsﬁﬁ@ sHeRCith 6D (kee

cture |soerate at afracturln
SHIB. 3. dompted pbondi wih the deagfhlqckﬂzfem@mou theyslerye i“fternc?ﬁf 38,

V¥ht Qvgnrdg d)&'ﬁ@f}agﬁref thksike1 46 Whkidd C%Hl@ldggwﬁfl] Fhe ‘Mn%’wv 60

¥ 8 'secon cturing sub corréspondi ng t
seftiondeef ¢ metmber %galpbzsnﬂt the sleevEmeenfben gy W@mhﬂﬁhéuldﬁ@@tbe

t hy fl t h
TS Eg MR Bl bt SR (L Al S800HD i
f B QL UBidhGnRAShenenbwitAtdittddighwihdpive 64ahd 6 ani gai ppstuses 54

F e R g 9 s i B BRL v inbgr o bl 17 g

frad3fyin®posithtd.'f ThRatfdre, the réishmccabt anig abﬂs dsa plgml tithe t he

fracture mandrel 40 in a_fr cturln sub 2
operator controlling the movement of fhe glternal fra ring assembly 38 that the

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
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
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ot her than the | owest fracturing sub 22. Furthernore,
fewer than all of the fracturing subs 22 provided in

fracturing the formation 14. For exanple, it may be
desirable at the tinme of conpletion to fracture the
formation 14 in fewer positions than the nunber of
provi ded fracturing subs 22. In such an exanple, the
diesdribediatfavadmtieangilisedny of Rarigus othseepnfigurptions perabdle e

; . . i ¢ .

B N R

i extapledy Foek tactoatalge adstsn ofheg @otifiguragions/leona teprep skiked in
Wﬁll may thereafter be produced. In each instance as

{He*nt ernal fracturing assembly 38 is drawn up into a

fract %cic&qngg)st%r%n thg aflrRgnb Aekaré 20 Wbl (ROGRURRIring
resistance | e%gages a sleeve nenber 58 and |ifts
t dob 28 theintermad ibemrifBastemtdhds is dravnsipoumtitlis mesis resfstanpre Such

et il g e RE Rk S Rl PR ERRE RGeS

rigfteddheadizve mewibértt 8t shehad the drabiucckandfe] 40 gadyabtirmgtshie 22 are

sl eeve .nenber 58,. t he, wi ndaw.64 of, the fractur
T BTG pige Lok g Sty @ind Rl A lbe me 1avest
Ofrachltirg SLIEEY, éhenial frixburing skeinblytB 8tih disaigegaddiomeadiairavid

but ti t he shoul der_56, t he. w 64 and .60, .
SRl R i GAcBOTR TR vh B PRSPt COTLY s v
tvﬂﬁ‘thfdhgli bW copledidh stBUCID ioRilBdncange Tesitanot hteach

i ng

coi nci w ndows 64 and 60 and jet ap

t 54 is .
r sacapring gul 2 adhediag Block fenzaggsithyy ee%mﬁépruéﬁﬁélﬁ&eslpgcnve

f ﬁ%@&n&&isﬂ@me R fri@iB thah el 40, M6§ve mheebeP O arid fRfdturing sub
Therefore, the resistance not only acts as.,a sij

t
t brsly ppesion 58 ncliorsthvitactuigPesiiionnd biat 2 Brotking U ggﬁh%‘ﬁrgg
fﬁlﬁ‘cgé rﬁ I%/lﬁ% gé‘ﬁé&&@%&& R B feeve ettt 8¢ R thl [AGhAl Habifring

ass as "encountered and engaged a fracturing
sasser?sly 3 dawnloat ofttheefrdotuinggul 24 sub 22 and fracture
mandrel 40 are in fracturi nqﬂposi tion. To bypass.a . .

f r act UWhengthe iiterpal fragtgangassenly 3% and thus fagiprednpgdightf, isina
f i'%lm 18 B6kiAWEh bREQMIRackRE fiois, of
tﬁeg{}}f(irg%ctug{rn%%gﬁ%u 2%61?%%% hg rllexf r gct ur i_n?,] sub 22.

| typichily dontaingng apopeant. aysl iewadvecesd thishelits svorkegistrieg 21 §9 the
us . . 1.

B8 Dl Faind Db, P Bl (BRI PRpRRRA oo
mendasoliB8e thapresatrizad fivadwre fluids éntd jetscthatiponetiate theformation 14

limted.to t apticcul ar Bjﬂg ‘i fracture fluids 1

B DB e RE PG ophff froppant i the facture fujds i

Vv adposited intd terfisswrad T4go pevbrilse figseealt fomelosing. The specific
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
pulled to shear the shear pins 61 prior to disengaging from the fracturing sub 22. The
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sel ectively engage and di sengage the drag bl ock 42 and
sl eeve nenber 58, for exanple, by J-1ock, actuatable

in the art. Accordingly, starting with the fracture
mandrel 40 below the first fracturing sub 22, the
internal fracturing assenbly 38 is drawn up until it

meets resi stance. Such resi stance indicat es that the
dntemabfrastiing 2sssablyelfga dewn vp drerabeand ot fraggiring qub 22
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a@ teRF ﬁb&énﬂgoasgeg{ﬁpis HatRmi el Ratithiz2e6h 1 bpahbing the

urds into jets that penetrate the formation 14 and
f iotemnal fracjuningssseanblynas bagk Hft? the dfegiyringisub2g. {Ihe dyeg block 42

p&/ﬁp&l%%e t{t}@sléé@@ bl 44 dndf 'uéﬂ HaovRv® 919(%'f ﬁféq}a'cﬁﬁeppdsﬁi%n

revent t flssures 74 from cl osing.
THeereafies dfa:gcbldwydz adiseogdged Gomthngeqye seeder 38 sini | ar
to that disclosed in U S. Patents No. 5,765, 642 and
5 499, 173 therfarmesition  diascberm Gagiuted ag i desitetl, thowpprkingsing 27,

e&?%étr gébrll % ?1 %Ce?%? ?rﬁétﬁﬁfgtalﬂe%l}ai 8 4r9 ?ecf)‘iferr&i to RRShEhQN,

assenbly 3 di sengaged from
t @8GI D athalovagconmiietRpa strmg\x,@\welpft 1 the hqafehole 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
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
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



i npl enent ati on having shear pins 6 1 (FIG 3B), the
internal fracturing assenbly 38 is pulled to shear the

w@b@anopins 6 1 prior to disengagi ng fromthe PCT/US2005/021069
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fracturing sub 22. Theinternal fracturing assenbly 38
is drawn up through and out of the fracturing sub 22
until it neets resistance again. Such resistance
i ndicates the drag bl ock 42 has engaged the sl eeve
rmmduenommg‘ It widl adedj bramderstbodiest thesersilled in thoarh gt werking
aCtl'} ?eq{ Bl Qell on!nﬁ:tédr ChAEL PRI e 88 to bl abltodhcﬁlon
Si re&naty racture a adjacent fracturing sub 22,
tshﬁlgfpﬁ(aﬂlbduﬂlb mgllfahdibdfor §rtirn graadunédng@dé’mmeng trﬁatmﬁntf’ 'S
not desired to fracture at the adjacent fracturing sub
22, B@cmilsa@}e biver kompletian stingegengeins irtbmbaseheds/ k2, Hsnber
iy Ao QGESS. L ERFR P Ond fHihd cdcbBinh QEUTRD MR | S
P%%at at eac esired position. In-a vertical
i fﬁmhiremacd ﬁkaommkidblethe frsatiine yt ampf the uswilizhdiradteingsubs 22 To

rs s 0 f, &I
RN T pEap or e by s e R e BRE bbbl 35 bl o ron
thaek ikt Udiﬂe]ikge $21h1d2rﬂposmu&1’mnn Fm 18fanfl i Bc fThe fraguring
position wl | poLts 54 to substantially

SRR

pi?r%‘if’ésrﬁanrt@né’ﬁtr?%?a% asp SHFENE T Pom t he fract ure fluids,
especi dur i ng. uct,] A

desir ggjlng% %ra‘éﬂg ure gt% At el}o%’rhlfﬁ%rgg\%@ rll[er'?le %ﬁrlﬁgo'%ﬁ?rghocl)eultn that
OfEacf-p’aalﬁhglfmvﬂlgeMOsﬁﬂlm pairtlrtmlate @ractoeikgfleid peppire) thatdobhesn

60, of | ot t
i O s e FPEERT NG C IR g i Foter
eRSkds, iltepasticaR e s B¢t fobits @ﬁ’ﬁedbﬂltﬁﬁhelmhhk@lf in relamnue theg

osition after the int t r|n 8 is
PR R S S et O
| il el uld a’%%ﬁe%u'ré‘ﬂacﬁ%@ﬂﬁ@ fdi’matgonbﬂ@ lordpphm fillB €he fractures and
fracturing sub 22. The drag.bl ock 42 w || t1
e Burehalen BLronGEs ity LR K N i REoE et PERC g selected
f o{“ﬁg Hfteﬁlng %?d LitRB1o rddiRE padshlof ﬁﬁéﬁﬂtobﬁé)ﬁ‘rlﬁdlﬂ:ﬁoﬁ String. The

I sengage omthe sleeve nenber 58. After the
fmwépaqkmgmmrra@wbém sepetale Fosess dapmithe fipedyring endiggsually

k d internal
:‘Mrﬁgrg d&??%g%&%@&%? y&gg ;a?aé)?{hg%g‘\q}g? é%e?g t he surface

(FI G Fﬁctunmerulnﬂi‘ﬁ@-ﬁn 08 UBhFLi A stig] hitpra] paekingfabcdrding to

the borehol e 12 and the packer system 26_1s_main{ai ned
. the diselpsed gysierg ansthed gen b neﬁfow inasisgledrip #yo thsBoghelpng
63 hb&S belBriltRd Y g

r%%l?tg %rﬁﬂ? {ﬁlgtéll\%/e%al(]‘% churl %%ﬁl{ls? ring ZOmand cagl ¥18u816

| syspms cequiringmpultigdé tripp mi@l tl@tbpt?hdﬁl fmeagmgga%mng:m theynd

wat er).. fromth [ t he

i R A R
system and method described herem the completlon 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

account for changes in the production characteristics over the life of the well.

15



control assenblies 24 and pass to the surface through
the interior of the | ower conpletion string 20, casing
wdagooana7a production string. It will be under sPCDUSIHY5/021069

those skilled in the art that in nost instances a
production string (not shown) will be run in the hole
after renoval of the working string 27 and wll be
connected to packer 26. Well production fluids wll

flow WnMepoﬁipxphbntentatim of thefineation kave bedn dggaribedict i on

Dhtseliest ¥ B o R85 Rl of TR e Al

Glepareifd f2okn tiee @ﬁﬁ lknd scaﬁe @frttie neentisn: dAt@rdmgla, gihesduct | 0 n
str r.oduce a r.for future grave
EP’%BBE‘?W 4G IP{} ﬁeﬁﬁc’ﬂe ogg& g%l}ﬁv‘gng Baf%use the | ower

conpletlon string 20 remains in the borehole 12, the
formation 14 can be later re-fractured at one of the
fracturing subs 22 initially fractured or fractured
for the first time at one of the unutilized fracturing
subs 22. To fracture or re-fracture the formation 14,
the internal fracturing assenbly 38 can be run back
into the borehole 12 and repositioned as in FIGS. 1A
and 1 B. The fracturing process can then be repeated as
di scussed above. O note, gravel packing a borehole
differs fromfrac-packing a borehole in that
frac-packing i nvol ves depositing a particul ate
(fracturing fluid proppant) that has been selected for
t he 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 fracturing fluid at
pressure fractures the formation, the proppant fills
the fractures and the borehole. In contrast, gravel
packi ng i nvol ves depositing a particulate 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 annul us between a
borehol e and a screen. Fracturing, running-in the
conpl etion string, and gravel packing according to the
di scl osed system net hod can be perfornmed in a single
trip into the borehole. Thereafter only the interna
fracturing assenbly need be retrieved. In previous
systens requiring multiple trips |nto t he borehol e,
fracturing, running-in the

16



conpl etion string, and gravel packing can take weeks
if not nonths. Using the system and net hod descri bed

wheooeioon7194 he conpl etion can take only a matt er POf/US295021069
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Al so, the system and nethod enabl e the borehole to be
fractured at precise |ocations corresponding to the
fracture subs. The formation can be fractured at al
or less than all of the fracture subs, enabling the
f or maWBATHIS BAIMERISr ed i n stages (fracture at one
position, produce, fracture at a second position,
produde, ebeysfem &r Sieetsting o SFh foraabLsuIURGiRg a borehole,
Qgﬁgﬁﬁﬁzon characteristics over the life of the well.A
er of inplenentations of the invention have been
deszedndeiti adaiesd dontfivedl énxstallation ipfhie|boggholgnder st ood t hat
varj gus | . t '
N e e L R A S
Attetorchif g cpnduit 2ne betiweph tadlowaisicorrly andenwhnihisrbetwaen the
scqfe of tq% fo{lomﬁng claims. WHAT IS CLAIMED IS: 1. A
SoueHtAnA e BOFDQIC i ng~an earth formation surrounding a
bor gthelstone@ortat subicoggledto tiensiuddit zuddptieglatfleast friexsebistantially
instal |l ati i.n the borehole; a flow as I .
depabtneguefhetinreserny e P et pRE T unmipye
&Hﬁdsﬁbglltﬂhﬂthe gbﬁuit(hﬁto ltl’lfeeaofdkl)hlélﬂd) fracnd tlizatavike eﬁrnmbﬁtmé ﬁhdﬁw
asse an n.annu etween the.conduit .t he
Dor EROFEn ALy (LS e TR BGm SO SUGTRE 5 PhgeRor of

GROSHEH @) dhiaikinaDfruringasdemBRieadaptbs foadnnainicytelan tigerddr of
aperture therein, the substanti%lly IaLeraI aperture

dominteaen! factegngasrmbly to qup oF Bere gl s [pfeh@PeEN&ui t i nto
t he borehole to frac th for

t.he. ti.on:
e o ook S A ot T PR R BaL Ay S or o

| 1528 5dling thdthRralRadnitinglabRmbBf cotnpisdd@rogte sdipted tiddirect
internal fracturing assenbl adagted to comuni cate an

i Btidsiptortheporehple to ARgiursthe s dPHNAIAY assenbly to one or
nore of the lateral_ apertures. . 2. The sys of ~cl.aim
T wherei n Tbe PerofsHBn grviera finadd o 3%%3%%?? [t By o
PRE b&EhsiH BRErd A6 chrt Pfhalonf r act uri ng assenbly
conprises a nozzle adapted to direct fluids into the

bor ehal. e t qhé sRGIUsRIdiNE varEdihthe domaissenrbly @mptises a

systemof claim2 wherein the nozzle is ad ed.to jet

g o S ORR BTG EOPBUR FHCE AP arephs FELDIG of e

f Qb4¥8¥dr @bl 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.

5. The system of claim 1 wherein at least one ported sub comprises a
plurality of ported subs and the internal fracturing assembly is selectively positionable

in at least two of the ported subs.

6. The system of claim 1 wherein the flow assembly comprises a packer

assembly adapted to seal an annulus between the conduit and the borehole.

17
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4. The systemof claim1l wherein the flow assenbly
conprises a crossover tool changeabl e between

tool and an interior of the conduit on a second side

of the crossover tool and comunicating between the
first side of the crossover tool and an annul us

bet ween the conduit and the borehole on the second
side df th@heswtsofstaimdorheran thylsendyitsompiises atlpast prerflow

Oé%p%lttl?lje rad%)ttedl tg §ﬁ$W g% TSI IO rfﬁép f%ﬁ'&@ﬁo@of@ﬂé{foﬂhﬁl{ y

ort the i nterna racturing assenbly is

sel ectg vel ﬁhp%{eﬁ QN fiftheRborh g etéégoﬂafcoﬁéﬂﬁt Rt ed

subs. 6. The systemof claim1l wherein the flow
dasehul; yntonpri ses a packer assenbly adapted to seal

s 4 e REBMBERHIE G borithib DL RREE frerfor oF R

st'em of “clarm he conduit conprises at
| sea&td conéuif drm/ﬁlamietqfrﬂe feckeqseaebly endathe evaufus barwsen the dinst

an I n%ﬁer I ogF dolelacpr* t%e % er APdide c;f t]Seht?ovsz 95@%1& 8. The

er conprising a setond conduit

' n th %. bor eTlﬂQ %&enﬁ‘%lﬁﬂqriﬁﬁﬁbr %1];41 &%&ﬁf&h&mﬁ the

adapted to co ni cate between erior of
slaﬁdtwb emhduit on a first side of the flow assenbly

I b

por gl B o & SER T Reb S oS AR beeR i Hor gr e
Thet doylaﬁlem e sehonad siddoffthe fléve nsserabiyrind amgnnalus betwreh the
con t t 0 the fl nbl

Py %%%%e%%ﬁwf S B S o RadY o the
f t d th
ahésan%gﬂntﬂhe sl SEARENIRL R oBhahehmplitt A ERERRLY
basatisly adapredttd ﬁltérl ensy ofpatiiicubite intvethé Intenionshtbertinguit.10.

The system of claim 1l wherein the conduit conprises
sand cidnt r dhe a‘ﬁmlrbﬂ ojaimdaypheedn ths af lepst ene lateral gpagture of the at

SGg&t 81:%'”%(%1’%63 stif'ls %ilg E\ﬁely%hgr{ e @eftw%e@ﬁll?&gl%gio}vaatné %télfs?-gﬁally

claim eas
aplecitig fovo thrédph tixt at leastine thalpapeltuw sub is selectively
changeabl e between allowi ng flow and substantially
bl ocki¥g f I’Idnwsydtﬂnoqudialml"ﬂewmem theprortethanb fantleer gpmprises a

ﬁgervfa e ber posmona%lé 63 h@ﬂn?gllﬂlgéﬁ?léw M&{gﬁ 'aplegéi] GndQfeta£

aperture and posmonable 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
18
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sl eeve nmenber positionable to substantially block flow
through at | east one | ateral aperture and positionable

aperture. 13. The system of claim 12 wherein the
sl eeve nmenber is provided with a w ndow t hat
substantially coincides with at | east one |ateral

aperture when the sleeve nenber is positioned to allow
frheambet Fromusgbstantisllablo¢kingsiovotheough pileast onglateral prerturefo

The s em.Q [ sl eeve nmenber is
ﬁ@P‘allj?éﬁfoa poglglﬁhgﬁmteésgg g{\?v% oW tt%hr ough the at |east
one | gyeraky, 1 W Claint P whitdth BY &l Shctalifd 4dkfbly has an
wherein the sl"'eeve nmenber is held in position with at

| epess endomd aohlva petiéaned jri the openend.dhe yrlvesbeing qonfigiied to gHew
% ‘%\?hgrﬁl&l@ilhﬁth g&@ho%é’ Ml n&fterffzil "ﬁ]agﬂd %’E@ﬁtﬁir And éﬁﬁstantially
i erRal Fracturi ng asse y I's adapted to selectively
dngadw fien slithanthe memzé fracimihgodssemddy inkrethp berehdlon of

t he sl eevenenber from substanti al I% bl ocki ng f

flow
t hr oudB. at Thesystemofelajmad @ whpreingbe vakyeds o alhreceivpd g the enge

thnYg ghb%tglgtragﬁr R}io?ﬂ\?\l}%w%ﬁl Jvﬁiﬁ 1R inRRE! fri¥iRing hésembl}Bnto the

system o erein e Internal fracturing
dsseholel y has an open end and a val ve positioned in the
open end, the valve being configured to allow flow

f r om Pt hi Fhe systebioafeladn & Wheredn thh paqker asparely fsradented torbg

assenmpl y: § ' : | Liih t he
RSP P BPRERLIRR A nk VR e Wb
Thsitioyest i an oficasddgiortion df edhoeshplet he val ve is a bal |
received in the open end and substantially block flow
f r om W0t hi Ahe sustenmefstain|l frithes comPTRERS lasHong shugt epndpie
b I . - f i i ker
iR S NI BLATUR cofiadt I he WOSEA driwe At
t dseeniitdy edvoddepthdioi copmuasatedluidalong at Frastpdqiortiog of a fength of the
posht%oned in an uncased portion of the borehole. 20.
Ystemof claiml further conprising at |east one

shunt gondw hJ: T.’ﬁptth ' ng
t he coz(r‘%dui :ﬂl %ﬁ%&hﬁ@%&ﬁg%%&ﬁ e ‘olfa Qﬂtlhéeét ?Iligos\?v{ug}séglzdnugl yalt
aleabt suaguet-onduits ofindapted 40 eonithwriierteflud ép & deapidyedifferont

agg%ti%ggﬂgﬁ %eie%gtgioﬁth%fcoﬁ & conduit. 2 1. The system of

erei e at [east one shunt conduit is at
22. A method 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;

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

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

producing fluids from the earth formation through the completion string.

19
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| east two shunt conduits of adapted to communicate
fluid to at least two different |ocations along the

wo esogobw7ed t he conduit. 22. Amet hod of fract urPe@myuUs2vds/021069
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gravel packing a borehole in an earth formation,

conprising: positioning a conpletion string in a

borehol e, the conpletion string having at | east one

filter assenbly adapted to filter entry of particul ate

from aa ex by inethodbf dldim Bovisran fragtuting thneprihferanagian with

| B REd:BnaQliy L&s FAIREFALAN fhd fh%\%ﬁﬁ{% iRt o ke
rac OW ITg a grave ac slurry

arrmmddfratihfethetedr‘dideﬂmadne filter asserrbl y i nto t he

annul us between the conpletion string and the

bor eh@he; ﬂhampthpd ﬂ@chlh‘!enefaﬁhqii cempivng whstentialy seglingthe

'tahen"f‘n?l sﬁ.{%ﬁ {ntﬁ&l& hro gﬂ@ﬁ,h%gqulgl ng fluids from

orrralon e conpl etion string.23.
The neishodpf ﬁ‘lghﬁﬂ BF dAmVekifdin fe QGﬁleeh&gstﬁﬁgec&Iﬂfrfs& at
formation wt fracturing sub conprises
i Inast trohuially spacefl fractimingryhs ardahd wethed further couprises fracturing
PRl 3P o Rt s bR 1
sleat twigaxtidily spaved fragtulieg snbeto 11nhmg@ onp blécwai}pfgherbqn@om d
the borehole. 25. The method of claim 22 wherein the
conpl &6i on The miethgd ebeipini Leshesein flaidds infragyicad fapyeh at least
SBRS %%ufg@agwa% nﬁ%mshﬁggtm met hod furt her

S fracturi

rrs ormation in at |east two
axi al | . Sp%sﬂleﬁﬁﬁ b?élQiPr?ZZWhérélh R RpREoH sthsthdsht REdBwo
at Ieast two axl a spaced fracturing subs to inpinge
omaa\lysspmd@attumg suhear@dh@meﬂ ed fper cprwrigest hod of clai m
fwo
A s e e
met poduchg Ghids fro@2hanash émnnatl‘brethmgb thetcompletion $trigg; has
at | east t cuono?'ﬂu}’dssa%ced fracturing subs and the
met KB PP EREr°"Conpri’ses: fracturing the earth
f or efitr ceasing iroductovest fiudsnfradtiringfthe daeth fforamtion wiily atdedstone
p%odum ng]ﬁfl uids fromthe earth formation through the
string; ceasing production of fluids; and

28.  The method of claim 27 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.

29.  The method of claim 22 further comprising:
positioning an internal fracturing assembly in the fracturing sub, the internal
fracturing assembly adapted to communicate fluid to the fracturing sub; and
wherein fracturing the earth formation with the fracturing sub comprises flowing
fracturing fluid from the internal fracturing assembly through the fracturing sub to
fracture the earth formation.

20



after ceasing production of fluids, fracturing the
earth formation with at | east one fracturing sub. 28.

wab@eiret7nod of claim 27 wherein fracturing thePEHUS1905/021069
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formation with at |east one fracturing sub after
ceasi ng production of fluids conprises fracturing the
earth formation with at | east one fracturing sub that
was not previously used in fracturing the earth )

f or ma80.on. TikomethitdkofinitimG wiered the perppletiqursiringrhas a plurality
c I Sing: i : | . r : G

SRR et RBlp Sl B8 B RBhrbk BEbHy ooty
fposicibnablerig atlsasetvial of theislpiabiy of exielynspaciddracrring eibd. t o

the fracturing sub; and wherein fracturing the earth

f or maBi.on W methpdof dlam29rimthgr serpprisingnopigerng thegpmpletion
fracturing fluid . o r ing: nbl y
HPGIh s g RIAAT L SpRR, HECHL R ee
fookdimlei on. 30. The net hod of claim 29 wherein the
conpletion string has a plurality of axially spaced |

f ract G2i ngThempsthohof ddim 22rhsreimpositiontng g (o riedion gising in 2
i.s_sel ec 2 . .
SPrsheleEplyByet sBAR 08 g i SR it Bloghb g o
rtedshpdtiaify ic baimmagd podionteé thedorepelesi ng posi ti oni ng the
conpletion string and internal fracturing assenbly in

t he b@Behollke inpthodef dzime2rfuther apraprising dhergirkibe fragpring sub
The net hod.of [ A=yl b QL ]

dop P aRngy of Rl BERRLTbLBE S KhARllth ik and e

t dnauloobarivedn thercatplétivg stingland thaborehele ta mbstentially blogking dow

ot e o SRR SR B b8 Ffl b8oon e

dtidh Biging Bahwhe bgrehdie fracturing sub from al | ow ng
flow of fluid between the interior of the conpletion
st ri ng4and Theimethnd of elsims2 wiessin thediltenaspinahily opmprises gideast

and t.he horehol ats?otfé%fblstean“ ally bl ocking fl ow of

£ 915194 2 BEEWEER” T TREEPIST of the conpletion string
and thg an - BT3is SeifPodiiste
bor ehgl%é. gﬁ%&%@&h}g@ﬁ@ﬂ)@e@ lg?ir%%tzﬂélg\/\ﬁer eiﬂgct: he :
férbdsever twbanmthl y conpri ses at | east one of a sand

scr %%Qre%r}?owgngs lgr?t%etl Ie)gckg)ﬁgps?urry around the at least one filter assembly into

the annulus between the completion string and the borehole further comprises flowing
gravel packing slurry from an interior of the crossover tool into the annulus between

the completion string and the borehole.

36.  The method of claim 22 wherein flowing gravel packing slurry around
the at least one filter assembly comprises positioning an internal fracturing assembly
having at least one lateral aperture with the at least one lateral aperture above the
completion string and flowing gravel packing slurry through the internal fracturing
assembly and out the lateral aperture into the annulus between the completion string

and the borehole.
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35. The nethod of claim22 wherein the conpletion
string conprises a crossover tool; and wherein flow ng

assenbly into the annul us between the conpl etion
string and the borehole further conprises flow ng
gravel packing slurry froman interior of the
crossover tool into the annulus between the conpletion

st ri ng7andThévaetbod efrdtim 353dherepnEagigingdhe esrthdommagion o
%ﬁépﬁke@ ﬁéélﬁw H%thg Erﬁé(rﬁél @tﬁhh%"%séhﬁiff EVth@hQERE ot cRking

r assenb ri ses positioning an
i sob enchBdwihg frecturing fipid Sseugbithe ihtgriahfacuringaasgmbbniato the at

gg%g 5 3e|rféaca o%%’ut% tﬁ\%a(t.are tpg ¥o%atko%a8t one | ateral

€ COo I'on string and fl ow ng

gr avelygpacl ng shy b fgiff e:w?elﬁ ﬁ@wfn@tg%gladacﬁlﬁgﬁﬁﬂ hidfing

assenb y an out t aperture I nto the annul us
kit sidenst eredilicnassérally oomprises flgpving gravél@agfongetwrethgongh The

r[i‘:“ter ??pe%recolf glnl&r%;l f%@&ﬁﬁ ssz:r{lﬁgaogiﬁ&gdﬁﬁﬁe @?\‘Eﬁl@tmn string

1 on Co r-ses positionin
flmcat lamrah@ss@s émnthb yompietudnesnmg domamtmc@m the ktstral mpertpres b

flo f.ract ur.i.n Lui d t r
ftﬂ%l Wﬁrﬁg‘ﬁggge%??bly g’tﬁg ﬂ}eﬁlém e At tt%encé) trleglg F %érnlnﬁ gnd
sybbédehdig.acture the formation. 38. The nethod of claim

22 wherein flow ng gravel packing slurry around the at
| east 3ene frhd: tnethodlsﬁdaibi 377 weicengin fre@wrirfy thevearth fgmzasien
packi.n hr. at er al r .
rrernaror b ate e S B b DB iR g rouing
C@m@h@ flowing $itatturigg ﬂmtl ﬂnmghahﬁm&knapﬁs@agg assentbiyeinto the at

| etjon strin helateral aperture
r%p é‘ar?f%?‘ﬁéﬁlb F&&Fﬁ@%ﬁﬁ"%&% ly with the gnnuluus
bet wee Stri . .e. 39
The ne hod &g‘i&{ &Iéaﬁgl erg&%%g%fépﬁrcpﬁgﬁ{lﬁ% earth
f or paditiohingeosgatplaien sipiag i 4 mehods; t he | nt er nal

fracturing.assenbly in the at | east one C . suyb
andSFIENPHET FLETHES RO PUPGc T G rae™ REePisa S
f I aGhUbUtREMAESEIRD bompletich strig, Ricthrgshe @ fomadonr i ng
sub to fracture the fornmation. 40. Anethod of

fract uning Taanﬁ&foﬂbfélmmm&amr comppsingi ng: positioning
proc?um ok ef{uli(?snfrosntl hle rc]egrtlll %n%aﬁ%%rtﬁrough the completion string;

ceasing production of fluids from the earth formation; and

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

42.  The method of claim 41 further comprising, before producing fluids

from the earth formation, fracturing the earth formation.

43.  The method of claim 42 wherein fracturing the earth formation before
producing fluids is performed in a different axial position than fracturing the earth

formation after producing fluids.
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W@ eovploed7ion stri ng,

10

15

20

25

30

gravel packing an annul us between the conpl etion
string and the borehole; and w thout renoving the

The met hod of claim40 further conprising: producing
fluids fromthe earth formation through the conpletion
string; ceasing production of fluids fromthe earth
formati on; and w thout renoving the conpletion string,
f r act d#i ngThdmetbod efclfimrdfaticein Geparing thocarthfermeiom od

of cl.ai.m 4. - i5Shad, - i i
ReaPHRST ool Elon GATRLIGH O R RuttnE AR the fuid
fto fureitiieaie eadtB forflagomet hod of cl ai m 42 wherein
fracturing the earth formation before producing fluids
i s pedfor nbe inpthed of dlfimrddrvhezsin mrognsing fraghring Aid into the
frac i . h £ ' : - .
(FEFEHE s BTk Robil WA By EidRa Ahe Tnctuing
tdob serhrthdt fawlrintte inamebigshiring g sseinhlyripehmernwicateddde ther i ng
f%{ugq_ﬂi nt.o a fracturing sub and directing the fluid to
1% gguli'he earth formation. 45. The nethod of claim

44 wh %fré.ei n Th@{gx'éﬁ’lgél‘ Sfl‘ cﬁgmf 4’46\)91{6%&1 _rftﬂe%iaﬁlh &‘Jﬁn‘ati&hiﬁ fractured

fracturlng sub conprises positioning an Interna

f wittcthe fiactgrizpssibndbaygingithe fiiectiviegsub fioryallowingsileyn of fikd
fluid in.the i r ! . U ' .
sticimef i fpr pE g AR AR i BRAGE elydet e competion
cdtitigand 4hethoeghelerto aftsentidllyélekmg Hlofvorf fhid etwées the interior of
fractured with the fracturin h I,

bGP "t b9 B s B i SormPe AR dol e borehate.
interior o ' ] ole :

ot nedil t hdnt BEmnaPPuahL A RkGh Rl @Feaibhiion
sedngiriasst i alpbsitidulingcial ingrnbl fiavtwwing fabseintilylie b fiest fragtheng sub
interior .of the comleti.on str.i.ng a .
e oanyinen bEfRIRERRERE 1 URE PR AR ¥ ycpuing
T&®; met hod of claim40 wherein fracturing the earth
formation c ri ses., posjtioni n.internal

f ¢ adHsriGHRE Seckising Eiid ioths ofkyal fipchuing Aol o das st
tﬂﬂkuﬂdg%h@td&ﬁhcﬁﬂ@tﬁlém‘%rﬁfaﬁ@{; _fracturb i ng assgrrb! yis
communicated to t racturi sub; introducin

£ r aBeUTIRg the (pteamal RRGTREAST ALY fieh Sepond FraRrg Sthonehbry

t Buill REhE idicthal fracturing assembly is communicated to the second fracturing sub;

and
introducing fracturing fluid into the internal fracturing assembly to the second

fracturing sub to fracture the formation.

48.  The method of claim 40 wherein fracturing the earth formation a

comprises fracturing the formation in a plurality of axial positions.

49.  The method of claim 42 wherein fracturing the earth formation before
producing fluids from the earth formation comprises fracturing the earth formation in

a plurality of axial position.

50.  The method of claim 40 further comprising repeating the following one

or more times:
23

fracturing the earth formaPCDES2043/021069



fracturing sub to fracture the formation; positioning
the internal fracturing assenbly in a second

wo e@en7ing sub such that fluid in the internaPCT/US2005/021069
fracturing assenbly is comunicated to the second
fracturing sub; and introducing fracturing fluid into
the internal fracturing assenbly to the second
fracturing sub to fracture the formation. 48. The

met broducig ids fema theyerrh Earmatiqndbiongh thg coHRletingy tHne;
for 5@ lhggr a?&faﬁmﬂ&ﬁg»frsmﬁetéa&h Mﬁ&l hedmation in a

pl urali axi al positions. 49. The nmethod of claim
42 withous rmmcfvmdhwqmr@ettonétr@ﬁfﬁrmfr@g tersash fyepene
producing fluids fromthe earth formati on conprises
fracturing the earth formation in a plurality of axia
position. 50. The nethod of claim40 further
conprising repeating the followi ng one or nore

times: producing fluids fromthe earth fornmation
through the conpletion string; ceasing production of
fluids fromthe earth formati on; and w thout renoving
the conpletion string, fracturing the earth formation.
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