METHOD AND APPARATUS FOR GRAVEL PACKI NG AND PERFORATI NG A VELL IN A SINGLE
TRI P The present invention relates generally to nethods and apparatus for
gravel packing a well, and, nore specifically relates to nmethods and
apparatus for gravel packing a well with only a single trip of the tool _
string into the wellbore, which nethod may al so provide for the perforating
of the well on such single trip. Techniques are well known in the oil and
gas industry for controlling sand migration into wells penetrating
unconsol i dated formations by gravel packing the wells. Such gravel packing
typikcal | y consi sts of depositing a quantity, or "pack", of gravel around
tdhhe exterior of a perforated |liner and screen, with the pack preferably
extending into the perforations in the unconsolidated formation. The gravel
pack then presents a barrier to the mgration of the sand while stil
allowing fluid to flow fromthe formation. In placing the gravel pack, the
gravel is carried into the well and into the formation in the formof a
slurry, with the carrier fluid or workover? f1uid being returned to the
surface, |leaving the gravel in-the desired location. Attenpts have been’
made in the past to minimze the nunber of trips of the tool string into

the well. Each trip of the tooI strlng into a mell takes an appreci abl e
anount of tine, and th@Es PP ARAJYY RNIGRAVE I of- rig and.

crewtime. As will be r‘iﬁﬂﬂ@k arrﬁq%t WEL‘LZN“ZG§ N%Q‘%tg.ReirPe dramatically .
increased if the tool é%TTTmr1gyg%71nnﬂ?11r1r1ﬂ1ﬂn—4;ﬂnﬂrﬂ7r1r 1.

Prayvjous attenpts to mnimze trips into the borehole for gravel packing '
have only allowed the agi{d!3dresent invention relates generally to methods

and apparatus for gravel packing a well, and, more .

specifically relates to methods and apparatus for gravel
packing alwell with only a single trip of the tool string
into the wellbore, which method may also provide for the
perforating of the well on such single trip.

Techniques are well known in the 0il and gas
industry for controlling sand migration into wells
penetrating unconsolidated formations by gravel packing the
wells. Such gravel packing typically consists of depositing
a quantity, or "pack", of gravel around the exterior of a
perforated liner and screen, with the pack preferably

ot extending into the perforations in the unconsolidated

formation. The gravel pack then presents a barrier to the
migration of the sand while still allowing fluid to flow
from the formation. In placing the gravel pack, the gravel
is carried into the well and into the formation in the form
of a slurry, with the carrier fluid or workover fluid being
returned to the surface, leaving the gravel in the desired

. location.

Attempts have been made in the past to minimize

p ' the number of trips of the tool string into the well. Eaéh
trip of the tool string into a well takes an appreciable
amount of time, and therefore incurs significant costs in

terms of rig and crew time. As will be readily apparent,



gravel packing operation to be perfornmed in a single trip, but have not
allowed the well to be placed on production at the end of that trip. Thus,
wi th conventional so-called "one-trip" techniques, after a single trip into
t he borehol e for gravel packing, the tubing and at | east a portion of the
tool string would have to be tripped out of the hole, and other equipnent,
such as a seal assenbly or extension Lrppped into the hole to stab into the
production packer to place the well on production. Exanples of such prior
art techniques are disclosed in U S. Patent No. 4,372,384, issued January

10, 1983, and U.S. Patent No. 4,566,538, issued January 28, 1986. ~

A di ngl th t ti i d h : '
ahereby o bRPPe gheEa Bra Y RakRsatiRa hEReRE antE B EPh RERLAY L5 ngi
trip of therippedstoi aggzedtt dbphl inta whkdlwel | bore. Additionally, the
well my first be peplgoabed aBtbiptsSeBPmiAlighe tiipR 1AL Lhg wellbore.

Mor e specificalli, t he i nventron E_OV| es a gravel _pack assenbly for use in
a tool strbageholegfaveprpueki packingnhaver oBl¥aadiowedethgopetial oundi ng

at |east agpQybiopa8kifngi 8pkeatishl tBUbknpeatdrinel! bar 8, ssagleasseph! y
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establish a second 1 OM/gath rom _ _ .
other equipment, such as a seal assembly or extension
tripped into the hole to stab into the production packer to
place the well on production. Examples of such prior art
techniques are discloéed-in U.S. Patent No. 4,372,384,
issued January 10, 1983, and U.S. Patent No. 4,566,538,
issued January 28, 1986. '

Accordingly, the present invention provides new
methods and apparatus whereby a well may be gravel packed
and placed on production with a single trip of the tool
string and tubing into the wellbore. Additionally, the well
may first be perforated on this same, single, trip into ‘the

wellbore. ' : \3

More specifically, the invention provides a gravel
pack assembly for use in a'tool string for gravel packing an
annular area of a wellbore surrounding at least a portion of
said tool string in said wellbore, said assembly adapted to
be placed in said wellbore by being suspended from a tubing
string; comprising: a packer assembly; a crossover assembly,
said crossover assembly being selectively operable from a
first state in which fluid communication is precluded
between an interior bore of said crossover assembly and said
annulus, and a second state wherein a first flow path is

i



a lower interior portion of said crossover assenbly to a well bore annul us
above sai d packer; a gravel pack screen di sposed around a portion of said
gravel pack assenbly; a selectively operabl e val ve nenber operable to all ow
fluid communi cation fromthe annulus in said wellbore exterior to said
screen to a lower interior portion of said trossover assenbly; and an
operati ng nmechani sm sel ectively engageable with said crossover assenbly to
occlude fluid flow through said interior bore of said crossover assenbly,

at l-east in a first direction, and to operate said crossover assenbly
betyween sai destablishddseommdnstateng dheupperninberbosopprbiodesfasakihod

enbod ment s SfOPREVEE, RotennyY oApEl pate SRRNTLEREERY e Chet “hETRg.
descri bed, bsehagtbvebxampnepulnbherb@eeehcbliahthesa@@@dpQLQanabhaﬁrngs
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accordance wth_t resent invention; the assenbly 1s depicted in Figure

1A as dlspo§%%11h°5¢wEPPBBP§ aﬁﬂﬂe|§aH@pP%?%%rqnap%FQV?% prgkr 8STeRand C
Id n di ffeL entdﬁép@@édoérauﬁﬁf éopéftﬂﬁﬁ%ﬁvgél@@ﬁaﬁ@llmpéd:l@ﬂ?s&ﬂblﬁs alA-
epict the pac cro sover ure ra a y in
vePtlcaI seET?t CLEYS ¥e°§eE§§i8t¥a§Y%oT?T * oPPETR b% %r7£f8§ %@ fa
assenbly of Gb@munleathaniﬁgom phebannsbesbiy das@omehlbdeeeenteaionnéo
stage of ope 0 ugLrat r S kO | 4
dep?cts thg %§¥§e$%ﬁ h Esrgsgg?gﬁoigﬁé%Y%fC%§€%i%§3$¥ %%i? eog%ggéﬁ
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Figure 5 depyttR 58€4CEPE88Y¥GEr SAE8¥RbEF SEHbYcPide fluid flow through
said interior bore of said crossover assembly, at least in a
first direction, and to operate said crossover assembly
between said first and second states. _

The invention also provides a method for gravel
packing a wellbore using the above apparatus.

Preferred embodiments of the method and apparatus
of the invention will now be described, by way of example,
with reference to the accompanying drawings, in which:

Figures 1A-C depict a perforating/gravel pack
assembly in accordance with the present invention; the

! assembly is depicted in Figure 1A as disposed in a wellbore,

() and is depicted in part in Figures 1B and C in different
stages of a perforating/gravel pack operation.

Figures 2A-E depict the packer/crossover assembly
of Figure 1, illustrated partially in vertical section.

Figure 3 depicts a portion of the packer/crossover
assembly of Figure 2, having a probe assembly disposed
therein, at one stage of operation; illustrated partially in
vertical section. _

Figure 4 depicts the differential pressure.
operated valve and tell-tale screen assembly of Figure 1,
illustrated partially in vertical section.



Figure 1, illustrated partially in vertical section. Figure 6 depicts an
upper portion of the packer/crossover assenbly in Figure 2 in one stage of

mani pul ation, illustrated partially in vertical section. Figure 7
depicts a second portion of the packer/crossover assenbly of Figure 2, at
t he sane stage of mani pul ation as depietéd-in Figure 6, illustrated

partially in vertical section. 5 Figure 8 depicts a portion of the service
tool assenbly of the packer/crossover assenbly of Figures 2A-E at one stage
of operation, illustrated partially in vertical section. 10 Figure 9

depi cts an alternativeigagbedsnagpietst BReStLds88vetc8Y8eval ¥8s8hblhCof
perforatlngé?ravel paci asgenglé of E ggie 1, |Ilgitr ted partially in =
vertical sett?Bhe 1s ELUFEEated Boy % YataVeEFHGR1 vBSERPBR: nent of a ‘
mul ti pur pose runni ng Fbgurand depiotsranaappebl postidoabbe the use with the
present inv ' j SL L agfi Lnovertjcal iQp. 20 Figure e«
11 depicts ?ﬁékggég?g ﬁgbég é%géﬁglg ié\g%é%ﬁ% %tgéeéﬁgr?ﬁggéhégoperation
prior to usBapipwlptionesilivatrahednpartibally ietvehbigalksectiobhustyated
partially in vertical section. 25 Referring now to the drawings in re
detail, and particularly to Figures 1A-C, therein is depicted in FiQure 1A

an exenpl ary perforating/gravel pack apparatus




10 in accordance with the present invention. 30 Perforating/gravel pack
apparatus 10 is shown disposed within a cased well bore 12. Casing 14 is

pl aced and secured in the borehole 16 by conventional cenenting techni ques.
Perforating/gravel pack apparatus 10 is showg_di sposed in wellbore 12 at a

dept h which positions 35 perforating gun 18 adjacent a zone of interest
20. Perforating gravel pack apparatus 10 is suspended from a -6- tubing
string 22. As will be apparent fromthe discussion to follow, tubing string

22 ks a production tWiiguge i wwtst e seedplde port idn td¥e s forating and

gralgl packi ng gperati,on hen pl aced di_rectly.on production.

Perforating gr aypglc I?fgﬁﬁé’rvzftrugsfﬁmpﬁré(l ﬁge guy cl?er/a(ﬁ@?o\%meam y

24. Packer/crossﬁVuanapn&depn245|ﬂebddeedalpawﬁgmrﬁﬁs Pddlerstifatiest

preferably a hy&a@ Ha g&lx %%nggggr 3gg oS, the Versa-Trieve retrievable
sold =

Packer manuf act nglneerlng Cor poration. Coupled to
packer 26%is a crossover assenbly 28 which will be described in nore detai

| at er herein. Beneat pig:2as8vaepaetshl Yottibh BfNehe’ Sedk r sub 30.
Coupled in perforatin %hravel gck ap a?gtué 10 benegth shég% ?&%QBO IS

primary gravel pasemb Ve@ﬁ §§e EFS%@F/ﬁﬁ@ﬁSEUPEeﬁs§2mP§Yé@@UF@S“&P&UR&‘

housing 34 in aatoamenhtagaloﬁaapetatfbﬁpllewstbaﬁehoy&t&gaii gnat | east
one sl eeve val ve 3% as.W_ Ll be described in nore detail |ater herein.

Sl eeve val ve 36'FE ﬁFE}eF58F§°3 sliding sleeve type valve which all ows

sel ectivkOopening of a port 38 to allow fluid comunication, through screen

32, bet ween wel | bor eg %éuf@d tHS %Q&SrQRraféepﬂgékgg gﬁbogiﬁgh%do%nthe

exenpl ary perforating/grave
sliding sleeve valve of the perforating/gravel pack

assembly of Figure 1, illustrated partially in vertical
section.

15 o .

Figures 10A-B depict an alternative embodiment of a
multipurpose running tool and a closure assembly suitable
for use with the present inventlon, and illustrated
partially in vertical section.

20 .

Figure 11 depicts the apparatus of Figure 10A at one
stage during the operation prior to use of multi-position
running tool to set the packer, illustrated partially in .
vertical section.

25 '

Referring now to the drawings in more detail, and
particularly to Figures 1A-C, therein is depicted in
Figure 1A an exemplary perforating/gravel pack apparatus

10 in accordance with the present invention.

30 Perforating/gravel pack apparatus 10 is showh disposed
within a cased wellbore 12. Casing 14 is placed and h
secured in the borehole 16 by conventional cementing
techniques. Perforating/gravel pack apparatus 10 is shown
disposed in wellbore 12 at a depth which positions

35 perforating gun 18 adjacent a zone of interest 20.
Perforating gravel pack apparatus 10 is suspended from a



‘apparatus 10 is also an optional differential pressure operated circulating
val ve 40. Housi ng assenbly 34 extends through screen 32, and through
tell-tale screen 42. Tell-tale screen is secured a short di stance beneath
prinmary gravel pack screen 32. Wthintel|~tale screen 42, housing assenbly
34 includes a sliding sleeve valve 44. Sliding sleeve valve 44 is
preferably a ball-operated valve, which includes a seating surface to
receive a -7- sealing ball, by mhich the sl eeve may then be noved by

appl i cati og}%r@/dr aulic P4 essyr q’“t ! g})%’]&)éﬁ/@ #on St @ cddsidiacker .
retri

46 is pref nlcaIIy se ac er, such as Ihe Pern&.)
Lach packertorafol kot urtatbingl sttind22ris ErRFOISG &th’cﬂ%'t i Hrce

perf or ati NGy LRI S e g ﬁ@ff&‘ﬁiﬂ@/&{&v@tam paxinaigit us 10

beneat h pa

Varous Lymeenatiam Ghacmi o hemdiacel IF TReLy 9 SR EHh e

enbodi ment depicted, the perforatlng eqU|pnent I ncl udes a ported sub 48 to
allow fluid comuni cation betwee annulus eneat h
packer 46, and t%%rf i ?ﬁaYéhnﬁ eﬁgﬁﬁﬁﬁﬁu%4 anbhgfglﬁg %trlng 22.
Perforati ngp@anéﬁnemsﬁwumm mapmaqd:emeréssongrheasleﬂzl:euch as a
mechani cal | y- act u d fir I I appar ent,
annul us or %ﬁb+ﬂﬁf53%§§%r%?ék§€qﬂ%d flrlng H%%d%ﬁc%rggefﬁ b% utilized.
Firing headhﬁaraulnpalhplgetqupﬂa&%anhw&&wtheﬁ@ege%‘lg e“ﬁlch may consi st
of one or I % erring nowto
”géé{:g&{}éb% #Acéi&f‘ hdn e UAENSb14YBY- oBES

Fi gures 2A- erernis I cte crossover assenbly 24 in

()
greater detEBhyineering Qm%@@f Lurint obP i BREKeTpeS Hutd preferably is

a hydraul i calb¥saebtah8senBty el WeldiewLll i Se S@€4¥BriBed in more

detail later herein. Beneath crossover assembly 28 is a
non-rotating shear sub 30. Coupled in perforating/gravel
pack apparatus 10 beneath shear sub 30 is primary gravel
pack screen 32. Gravel pack screen 32 is secured around
housing 34 in a conventional manner. Coupled within
housing 34 is at least one sleeve valve 36 as will be
described in more detail later herein. Sleeve valve 36 is
preferably a sliding sleeve type valve wh;ch allows
selective opening of a port 38 to allow fluid
communication, through screen 32, between wellbore 12 and

the interior of housing 34. ' o

Coupled in exemplary perforating/gravel pack
apparatus 10 is also an optional differential pressure
operated ciréulating valve 40. Housing assembly 34
extends thfdugh screen 32, and through tell-tale screen
42. Tell-tale screen is secured a short distance beneath
primary gravel pack screen 32. Within tell-tale screen
42, housing assembly 34 includes a sliding sleeve valve
44. Sliding sleeve valve 44 is preferably a ball-operated
valve, which includes a seating surface to receive a

-



conbination with a nulti-position service tool, indicated generally at 60,
al so such as is manufactured and sold by OGis Engi neering Corporation. The
structure and operation of nulti-position service tool 60 is described and
illustrated in U S. Patent No. 4,832,129, issued May 23, 1989, to Sproul,

et al. and assigned to Qtis Engi neering @orporation. U S. Pat ent No.
4,834,175 di scl oses an exenpl ary enbodi nent of a Versa-Trieve packer
suitable for use with the present invention. 5 Briefly,

nu[tL-positsealgagvbaéltobb #Biaht abkesleevpanker tBEni besmoked b3y as to
cnable ' he aapkekakdolC ol lyaRduitL p3adshRE { NBepRkA! 9atGe! BuCqged r oM

¥ he packer, hou tion o ervice too w 'l be set
in responsepﬁskﬁﬁeaépplPé&#ﬁén“éflﬁyaraﬂﬁreblw a meghasigrdlymiseth causes

movenent oframra@buathBaEkékonsw@hCQsSQﬁar%e&ﬁatLabﬂlBgcig?ar pi ns and
tauses the settlng&s eeve of pasition service tool 60 to bear  agai nst

a gui de on RABUSA éfednﬂﬁpn§°ﬂﬂeb§upéﬁsp&PF&“SFeré facreratdrative to a
packer nandpPekrfotrhesiaRy equipadnitglpaaked 1in perfseakSngQQrand1sghkkng

packer S|Ip§ kggatggelgtBg&%gggkggggggezﬁt%gg nylt brleﬁlon service

t ool in c Ination wt Pindd group of
separatlon sneaenpnngaaztuaehngnalzclns vam@ansstveagthfsuéh¢C|ent to, at a

m ni mum suaee@hbhhespas&eaeéa%sﬁbly:ha@aewquqhktGQQQeetehhsdEEEh%r ”Hndre'
64 to service tool mandrel 66. During run-in packer 26 is mechani cal

locked i n afleBiSE€dcokter PEF 0y atdpar sandRmERainEindegoa EBrSQSaﬁﬁpléﬁ
shear pins €3 aneosledqupldedowmubicatpeat be@wedn- an1babdl hRguiiasced by a

transfer SquorieﬁsieneaXh packer 46, and the interior of housing
assembly 34 and tubing string 22. Perforating equipment
élso includes an appropriate firing head 52 such as a
mechanically-actuated firing head. However, as will be
readily apparent, annulus or tubing pressure actuated firing
heads could also be utilized. Firing head 52 is operably
coupled to perforating gun 18, which may consist of one or
more guns of virtually any conventional type.
Referring now to Figures 2A-E, therein is depicted

" packer and crossover assembly 24 in greater detail. Packer
26 may be of any appropriate type, but preferably is a
hydraulically actuated packer. Packer 26 is shown in
combination with a multi-position service tool, indicated
generally at 60; also such as is manufactured and sold by
Otis Engineering Corporation. The stfucture and operation
of multi-position service tool 60 is described and
illustrated in U.S. Patent No. 4,832,129, issued May 23,
1989, to Sproul, et al. and assigned to Otis Engineering
Corporation. U.S. |




= Piston 80 is adapte

I ndi cated generally at 67. Transfer support assenbly 67 includes a
plrurality of transit support lugs 68 carried by 30 a collet assenbly 70
which is selectively novably nmounted relative to service tool nmandrel 66.
Transit support lugs 68 carry the weight of the packer and any wei ght of
equi prent hangi ng therefromso that the hangguei ght of that equipment is
not applied to separation 35 shear pins 62 during the run-in procedure.
-9- Transit support lugs 68 are engaged agai nst an annul ar flange 75 which
is formed on a tube guide extension 74. Transit support |lugs 68 engage an

?Pderside gl of a?auharubLaagesz517$Aahsémﬁsaapen éﬂéﬁpiar§3eﬂboﬁlment of i
ange 75 being a ., _engagepent W, trin e.{6, _an B

serve as a stop ?hgg§F8r&r1 it Rgﬁggﬁefﬁﬁ#aB?ep gfe?gﬁnhigﬁ §§ EFeggggnbly
24 is comuni cat ddventdoph t ube gui de extension 74 and through transit |ugs
68 and collet assenbly 70 to service tool nmandrel 66. 10 Thi s descri bed

systemisol ates the handling forces arising during the run-in procedure
from separ 8tion shear Byige§1lg2. medtirpesisépnnangrirestopicbldastachesktag

flange 78 wi th aphegass z‘dﬂh.ﬁhshéheagﬁa?daBYta éhanhéetnaog;hb&@rwo%eliun
coll et 70. Shoul der portlon 71 |Igh ggm%g ngvene t of c e ;g
Col l et 70 i ncl ud@®% FRtar apgr £PENERS0LORLY nFar-§age §F9F|§L9n By,
extendi ng head patml atis:hwa: rsehtebnheadsaw&cenaoambsare Palckiercd6i wiadl

< Focated above Pheeboitt BasBPia k8 bl ARpTio8 Rl b b tantaed oY ©f

portion 7300f coptcSSﬁ&e.Hsadcpopausas7@bvemeo&lb&taﬁoaptuemgage®1§m¢n \
prevent ed fro”‘d%%!gﬁf%%QaPﬁ %eﬁtiﬁﬁﬂzﬁﬁoghéﬁk Bﬁﬁsoananc%w@&sa&u@ %E%Elﬂ&

or sliding novenent alon
sleeve of multi-position serv1ce tool 60 to bear against a

guide on the packer, moving the outer parts of the packer
relative to .a packer mandrel, thereby expanding packer
15 seals 100 and setting packer slips 102.

The structure and operation of multi-position service
tool 60 in combination with packer 26 will be outlined
briefly. A group of separation shear pins 62 having a

20 shear strength sufficient to, at a minimum, support the
packer assembly hang weight connect the packer mandrel 64
to service tool mandrel 66. During run-in, packer 26 is

mechanically locked in an unset condition by separation o
shear pins 62.
25

Separation shear pins 62 are decoupled with respect
to run-in handling forces by a transfer support assembly,
indicated generally at 67. Transfer support assembly 67

~ includes a plurality of transit support lugs 68.carried by
30 a collet assembly 70 which is* selectively movably mounted
relative to service tool mandrel 66. Transit
support lugs 68 carry the weight of the packer and any
weight of equipment hanging therefrom so that the hang
weight of that equipment is not applied to separation
35  shear pins 62 during the run-in procedure.

&



25 service tool mandrel 76. Transit lugs 68 are rel eased, and the
packer is set, by pressurizing fluid within the interior of the tubing
string. Pressurized fluid within the tubing will be 30 comuni cat ed

t hrough a port 88 in tool mandrel 66 to act upon piston 80 to cause setting
of packer 26, after closing the bore of the tubing string, such as through
use of a probe or "dart" assembly 220, as w Il be described in nore detai

| ater herein. Once a downward path through 35 the tubing string is
closed, fluid may be pressurized within the tubing. This fluid traverses

pont 88 to  -10- anwhk@l@saago@et $uyR0bs pa:?éoengagear agauﬁatoanpl ston
€0 wi |l cause shearing of _transit shear”pins

, gsgg downwar d
novenent of plstGﬁnﬂéaraglééﬁﬁcﬂédwpﬁchlbﬁr§°§“e§|9Poﬁ 861 ed to an
ext ensi on sl eeve ektension WhlChTraﬁslﬂrQuppértOmnbsdGBOehgabeﬁanduahers1de

t ocki ng. fl ange 78 th %%nWh%% gi%géhezg pﬁgé? B?e gge%h 058 Qnsit
shear pins 94, p Vi o] pi
dommwardlysagalnfﬂaabauHdbbeiﬁgoalighedgﬁodeeagagnaeoﬁ ?1thC9IBG¢t109
remains in pIaceF§% eae7%p and Qbsgggggs ﬁrSVEEOQOEﬁQQEQB¥e. PifhleORhang

shoul der 80a wi | r ‘cdl 'et hea ere omnng It to deflect and
al so pernmitting ﬁﬁégaﬁIQﬁ:HﬁF§R§féPda§§9ﬁ§PYe¥oaﬁﬁ d

! otckl ng f ange 7&%%@ wiaet a&téafs&aa inadgg w Fum\sﬁ& tags
retract inwar ransi retr

wei ght of the pgé&ﬁ%%‘?ﬁéﬁﬁ&&hﬁ'w %:8 gF"é'ﬁ %‘r"f’ ‘% lt?%g
separ at l Ofli?S hear 'mnnxls déa%crm @qsd:elmex.tsgmates the hammaﬂig o arsleat |a\mts11ng
20 acker mandre er, sea an r

fube gufde ext endiing; the PG Borsdish ron Beptiadich HA Wi S2.

Service tool mandrel 66 includes a locking flange 78 -
'with a recess which is engaged by a shoulder portion 71 of
15 ‘collet 70. Shoulder portion 71 limits the upward movement
of collet 70. <Collet 70 includes finger portions 70a
having enlarged radially inwardly extending head portions
70b. Collet head portions 70b are retained in a detent
groove 67 in multi-position tool mandrel 66. Detent
- 20 groove 67 is located above the portion of locking flange
78 engaged by shoulder portion 71 of collet 70. Head
portion 70b of collet 70 is engaged and prevented from
deflecting by a piston shoulder 80a on an annular piston
80. _Piston 80 is adapted for siiding movement along
25 _ service tool mandrel 76.

Transit lugs 68 are released, and the packer is set,
by pressurizing fluid within the interior of the tubing
string. Pressurized fluid within the tubing will be

30 communicated through a port 88 in tool mandrel 66 to act
upon piston 80 to cause setting of packer 26, after
cloéing the bore of the tubing string, such as through use
of a probe or "dart" assembly 220, as will be described in
more detail later herein. Once a downward path through

35 the tubing string is closed, fluid may be pressurized
within the tubing. This fluid traverses port 88 to



96. An internal locking slip ring assenbly 98 is restrained withih an
annul us 97 between connecting sub 96 and packer mandrel 64. Slip ring
assenbly 98 is biased by 25 a coil spring 99. Slip ring assenbly 98
functions as an internal slip which prevents reverse novenent of tube guide
extension 74 relative to packer mandrel 64.jgiccordingly, tube guide
extension 74 will nove downwardly relative to packer mandrel 64 in response
to continued 30 extension of piston 80 and attached extension sl eeve
81. As piston 80 nears the |imt of its extension along tool maridrel 66,
slips .102 and sfafbius0f2wahd &ﬁgagﬁpcbﬂnepmmg!mnd Beesparkeon2pisgonnsty
the inside bore of . the well kN nd 64 is
anchored onto tgéﬁlnﬁﬁgfglsgg nge%gr%.?d%ﬁgﬁgggipaékﬁ%Zgﬁ a&é t ube
extensi on 74 cosubsaquentsddnnnaadquwem#n#nofeﬂ%ﬁtQ@ 3e.pa§kéepw§ﬁedenn64
Once the desired; gettbﬁlgtaﬁ%él&g Soupled'a% DEANeREBREEH S1do0acker

26 is securely an ace, service can _be released from

packer 265by |nUhé§bhngnhyEF§uli§ geenked cto frpbruapdpelt Lagkingi £32808i ng

22 upwardly, tovﬁa&n%o%aﬁaﬁaﬁs% §ﬁ@@fa§m§1 syeary ﬂSsﬁaar@ageosepar ation
shear pins 62 are shearéd transfer ort s 68 na retr

radially |nmardFFanFH§réﬂﬁaﬁePhP§t?ﬁg Eéﬁ%?% d%+1 Fbvﬁes FEFogaPéd
freely within tb&s&@hﬁmﬁhdﬁamkes aﬁwnﬁhfdiylaqatuutpshaaldby va EfgnnbeZE

th 15 d {
c|§g?h8 Lgre 12?“&% 5%%?833 %0225§£+e€gg?%g§§3%§$}3308ﬁ35§c 05|ng
mandrel 180 is g&smbmd;ssdrhves Bywnwahéhy.FnPnSﬂﬁnmshhuhdeul@papdélt|on -
service tool mpdrel 08 W' hbaBo5h! ' CResEhy! £F1502hgRRILE! a8G16RE, UdRS

seal s

also permitting the collet transfer assembly to move
downwardly along the locking flange 78; and permitting the
spring loaded support lugs 68 to retract inwardly. As

15 transit support lugs 68 retract, the hang weight of the
packer is transferred from transit support lugs 68 to
separation shear pins 62.

Tube guide extension 74 is moveable relative to
20 packer mandrel 64. Upper seal 100 and slips 102 are
' connected to tube guide extension 74 by.a connecting sub
96. An internal locking slip ring assembly 98 is am
restrained within an annulus 97 between connectlng sub 96 o’
and packer mandrel 64. Slip ring assembly 98 is blased by
25 a coil spring 99. Slip ring assembly 98 functions as an
internal slip which prevents reverse movement of tube
guide extension 74 relative to packer mandrel 64.
ACcordindly, tube guide extension 74 will move downwardly
relative to packer mandrel 64 in response to continued
30 extension of piston 80 and attached extension sleeve 81.
As piston 80 nears the limit of its extension along tool
mandrel 66, slips 102 and seals 100 will engage the casing
and set packer 26 against the inside bore of the well
, césing.
35



20 124, 126 | ocated on opposite sides of a radial aperture 128. Seal s
124 and 126 are adapted to engage the exterior of closing sleeve 120, so as
to isolate radial aperture.128. Radial aperture 128 is longitudinally
aligned with a radial aperture 130 in crossover sleeve 132 and radial 25
aperture 134 in crossover housing nmenber 136311-A cl osing probe, or "dart .
assenbl y" 220 is depicted in dashed lines within closing sleeve 120. The

" structure and operation of dart assenbly 220 is depicted |ater herein in

connection with the description of the qgperation of_ 3
perf orat i ng/ gravel pagﬁcg §h§P§&fﬁ.FﬂP§%e@oﬁﬂ|éﬁ FBchESPn8n§Fb§§?1120 i s
@- shear abl e st op mandrielasse by separditdiancdhgarecpdhnby 62, ¢gBideSHmdeabl e st op

bk sy daens Shclinh 16, Somuert bilemr L B,

shear pin 142 to closing sleev pur pose o
bl ock assenbly 1Packer maadyedc6ibedOngenthe desired sldp petdiimg pressure

al so be seen in HaglhRetFach3eRald anddpdlcker 26 31BCkkueel 0 anenoreds IKer
sl eeve 132 is a stop | edge 144 which will selectively engage and restrict
downwar d movenen®l@Cest &%rmm toad. 60 fa!_‘Bg.e E@&@&Fﬁdsgg‘ﬂ DAgEer, 26 by,

radial ly inset sliseteasing tydrénldic pressure, anddoel bi3pulRdtigitupingset
sl eeve portion 14 rovides. 10 syfficient clearance nul.ar area_ 148
t o accommodat e a%&%ﬂ%&% Ma&dlgm ?ér?gc %nﬁﬁ?s%?‘ngi ggt %&%sé%éﬁﬁq f?‘ﬁfr
150. Bowtype colpigts 62.i n@®noes separation shiearapinsi 62 agdes sheagedni sm
such as t r adi ' ’ ale 2 ?E»Qi ge
ei\t her side of 1?ﬁ&héf§iﬁﬂ%ﬁy gl%ﬂ?&ls?}ﬁ?xten F% ?ggé%a 54 (gﬁgsﬁ%g ve
portion 146. Bow-thakekdolnenmidiriingg se3gdmsl For3068| §8 bPRcregésracesadal |y
“outwardly extendifngdBios dih Whoire adapiaetel0 26.

Referring now primarily to Figure 2E, therein is

15 depicted a pbrtion of the mechanism for selectively
closing bore 121 of'packer and crossover tool assembly
tool 24. A closing mandrel 120 is secured, such as by a
shear pin 122 within multi-position service tool mandrel

| 66. Multi-position service tool mandrel 66 includes seals

20 124, 126 located on opposite sides of a radial aperture
128. Seals 124 and 126 are adapted to engage the exterior
of closing sleeve 120,'so as to isblate radial aperture

\ 128. Radial aperture 128 is longitudinally aligned with a

radial aperture 130 in crossover sleeve 132 and radial

25 aperture 134 in crossover housing member 136. A closing
probe, or "dart assembly" 220 is depicted in dashed lines
within closing sleeve 120. The structure and operation of
dart assembly 220 is depicted later herein in connection
with the description of the operation of

30 _ perforating/gravél pack assembly 10.

Also coupled to closing sleeve 120 is a shearable
stop block assembly, indicated generally at 138.
Shearable stop block assembly 138 includes stop block 140
35 which is coupled by a shear pin 142 to closing sleeve 120.



sel ectively engage an inwardly extending | edge 157 on a sliding valve
menber 156. Bowtype collet spring assenbly 20 150 is sized so as to be
deflectabl e to pass beneath radially inwardly extending surface 159 of
housi ng extension 161, and also to radially expand so as to engage | edge
157 of sliding val ve nenber 156, upon upwar&ipengitudi nal novenent of

sl eeve portion 146 of crossover 25 mandrel 132. Sliding val ve nenber
156 is |l ocated |nned|ately beneat h radi al apertures 130 and 134. Sliding
val ve nmenber 156 is adapted to sel ectively be noveabl e upwardly 30 SO

as to isol até rartielpurposeref lsheartablestop biockAssamsly 38 6eillibehg,

upward extent of 5 %1 é#ggw“ Xt endi.ng col | et o
assenbly 162 mhi%#%%s%e@%%l?&ﬁircu eren#a'PFy around sl eeve 156.

Thr eadably engaged at 164 with housing nmenber 136 is a 35. . collet

receiving assenbly 164, r 6 i all &
I nwar dl y extendi ng shoul dé;P %%o %%%éﬂghﬁ?%% éﬁece%&eﬁd?iéﬁu4 Y :

col l et asgenbl y apBrtnre| k9 din 5erossovemn| egve 132 oi8 |3 skP
position, when Q&]‘Fﬁﬂ?%iﬁ selectivdy Grigddle N (Xedstitt downwerdi n is

depi cted an exe | nent o difrerenti resst
reversing val ve"!RY rﬁ‘?%? %‘3& ?@5& P %r;lﬁp%$éj§€%d%e
coupl i ng rrandrel141470;s:cwr&anhan;hmag Sleéve ipertian 46K CIOSFONEL.

774" Lower oo e Tt | RAALETY inadt G pRF G fud pitviNg' 19

I170 al so ioncl udesef jient iclearancealiin anmxlam ares difhitn m@m@ﬁ%m W/
aSQ?{ tudinal |y Qid5qlydd UBITEH Up i iy, (RITBHVGS gl 1Pt
150. Bow-type collet spring assembly 150 preferably
includes a mechanism, such as two radially inwardly
extending shoulders 152a, 152b which engage either side of
15 a radially outwardly extending ledge 154 on sleeve portion
146. Bow-type collet spring assembly 150 also includes a
radially outwardly extending ledge 153 which is adapted to
selectively engage an inwardly extending ledge 157 on a
sliding valve member 156. Bow-type collet spring assembly
20 150 is sized so as to be deflectable to pass beneath
radially inwardly extending surface 159 of housing
exten51on 161, and also to radially expand so as to engage ...

ledge 157 of sliding valve member 156, upon upward \o’
longitudinal movement of sleeve portion 146 of crossover
25 mandrel 132. | - '

sliding valve member 156 is located immediately
beneath radial apertures 130 and 134. Sliding valve
member 156 is adapted to selectively be moveable upwardly
30 so as to isolate radial aperture 134 through use of seals
158 and 160. At the upward extent of sleeve 156 is a
radially outwardly extending collet assembly 162 which ' N
extends generally circumferentially around sleeve 156.
Threadably engaged at 164 with housing member 136 is a
35 collet receiving assemhly 166. Collet receiving assembly
166 includes a radially'inwardly extending shoulder 168



15 178 is initially precluded by a closure sleeve 180 which sealingly
engages seals 182 and 184 on housing 170 and seal 186 on | ower housi ng
assenbly 174. C osure sleeve 180 is urged against an upwardly limting
shoul der 188 on coupling mandrel 170 by an extension spring 190. As wll 20
be appreciated fromthe disclosed apparatussl3 pressure in the annul us
applied through port 176 will act on closure sleeve 180 against the force
of spring 190. When such pressure becones sufficiently high, sleeve 180
will be noved downwardly, beneath seal 182, and valve 40 w |l

t hereby al | ow f lagiaptasthmixanaise mnd.angage;icnl laaeﬁﬁﬁe@@lm@%@ms and

~therefore flui d e 158 ItV deiaier BlldeveiNsé Un atnhfufiidﬁhﬁr e dleat K
screen 32, and-interior bQ%f 192 within valve 40. 30 As deplcted
.y

in Figure 4, in enbodi ment, coupled beneath differentia
pressure operated C|rculat|ng valve 40-is tell-tale screen assenbly 44

Tel | -t al ' I h Q
adi al apdriures 200 Haterzing How 60 bfgga%‘fas' i %e‘%:gﬁv' I3 Bplleted o R are
204 ofiiment Serentd. e? operate:
el ot vely MOVea e e s St ‘”ﬁ i O vehoas iy S
Fvet 1ve? 465 b 4 ‘é% e?si §%e
fﬁﬂ“ﬁh sealin |soFate

pi ns 208 to housin ereby sl'eevé s_apertures

202. Sl eeve 20640 es galcoupddagy magdred: 1290¢9aaésédtpohp§eénse3é
conventi onal seahsaaebajﬂamas p'a%xSscreehn@w t@o ngiihadﬁihai-elR&f'lﬁr jighg now
to Figure 5, therein is_disclosed an exe odj men crossoqver

sleeve 389 o oS eadably. coupdedy At d 72 ngﬂ°§&€hh8§sﬂﬂg &7hqi nlower
Side-Door 10  hougitid a740in¥iudesranyhaialr age&edref izecd Erupling

Engi neering CDr%a%%&E&”l?O a&%%pﬁgélahggve % uraiiggegfaradial apertures
178 which are preferably longitudinally offset from radial
apertures 176. Communication between apertures 176 and

15 178 is initially precluded by a closure sleeve 180 which
sealingly engages seals 182 and 184 on housing 170 and
seal 186 on lower housing assembly 174. Closure sleeve
180 is urged against an upwardly limiting shoulder 188 on
coupling mandrel 170 by an extension spring 190. 2s will

20 be appreciated from the disclosed appatatus, a pressure in
the annulus applied through port 176 will act on closure
sleeve 180 against the force of spring 190. When such

Kx: pressure becomes sufficiently high, sleeve 180 will be
moved downwardly, beneath seal 182, and valve 40 will

25 thereby allow fluid communication between radial apertures
176 and 178, and therefore fluid communication between the
annulus, through gravel pack screen 32, and interior bore
192 within valve 40.

30 As depicted in Figure 4, in one exemplary embodiment,
coupled beneath differential pressure operated circulating
valve 40 is tell-tale screen assembly 44. Tell-tale
screen assembly 44 includes a housing 200 having a
plurality of radial apertures 202 therein. A conventional

35 - gravel pack tell-tale screen 204 surrounds housing 200 at
least proximate apertures 202. A selectively moveable



housi ng assenbly 251 which, as depicted in Figure 5 will be within a
portion -of primary gravel pack screen 32. Housingassenbly 251 has a
plurality of radial ports 243 15 ext endi ng therethrough. A novabl e

i nner mandrel 245 is situated within housing 251. Mandrel 245 engages seal
assenbl i es 253a and 253b on opposite sides of radial ports 243. Mandrel 245
thus, in a first position, precludes fluid fR8wW between the tool interior
bore 192 and the 20 annul us through radial ports 243. Proximte the

| ower - end of nandrel 245 are a plurality of circunferentially arranged

coll et fingers, |cat en at 252.. ColJet fjngers. 252 O
radial |y outmardY? Xﬁtgﬁﬁﬁgﬁ 58? ¥ PEYEEa 8YC dﬁﬁté éegﬁggdgs g§§s§€%1hd-
in housing 25 hoasinghRpo2¥herebigusilagveszoabsealifgpyeispadbles ncl udes

at least two set n roo 6 5 e

when det ent IedgépggﬁggkgaEgg u §g§§3§ g%tﬁnﬁ%égeg §6ﬁgi§ng§cg q35§|552§

i s mai ntai ned |nzaOfadgptedpmaruepgsve|@ncgnvenﬁy¢nglfsgaa1ngoha4§. as is

described gbove. d0un to! BAE' i ﬁa .245 also includes a plurality of
t ool - engagi ng .nechani sns, such as an upmard lip 259 and |ower inwardly
extendi ng fl anges 260 mhlch are adapted to engage shifting tools, in a

manner wel | known to haeegfingsﬁeb ﬁbl ﬂgﬁﬁet splﬁnmmemsaﬂs&%&euean
mandrel 245 fromthe ion as depicted in_Figure 5 a
second positi on, eﬁﬁ@?i?ﬁydﬁFgﬂg g 28HOREPYeE [GhGEVRoRer cr°f§°v&€tent
groove 258. In tsleepesssi may bephuda*su;u eﬁcnlasuuhersmidahk;ysaﬂeanged
Fpert ueeago2, i kB Rah Y408 hipRbRBRGTaN Lha' SPkBLaRCRI ORI 20 @
crossover sIeeveEﬂqlbebrmnghCprpauayzgnaveCrpasbverrskeeSE)36anncﬂudes a
interior bore 19ﬁou51hatQEEQEbQQrsslgahiéh, as deplcted in Figure 5 will
' ' be withiﬁ a portion of primary gravel pack screen 32.
_ Hou51ng assembly 251 has a plurallty of radial ports 243
15 extendlng therethrough. A movable inner mandrel 245 is
sltuated within hous1ng 251. Mandrel 245 engages seal
assemblies 253a and 253b on opposlte sides of radial ports
243. - Handrel 245 thus, in a first position, precludes
fluid flqw between the tool_lnterzqr bore 192 and the
26 'annulus through radial ports 243. Proximate the lower end
of mandrel 245 are a plurality of eircumfe:entially
arranged collet fingers, indicated generally at 252.
Collet fingers 252 include radially ouﬁwardly'extending'
detent 1edges 254 adapted to engage recesses in housing
25 ' assembly 251. Housing assembly 251 preferably includes at
least two sets of detent grooves 256, 258. As depicted in
Figure 5, when detent ledge 254 engages upward detent
groove 256, inner mandrel 245 is maintained in a first,
upward position precluding fluid flow as described above.
30 Inner mandrel 245 also includes a plurality of tool-
engaging meehanisms, such as an upward lip 259 and lower
inwardly extending fiangesizso which are adapted to engage
shlftlng tools, in a manner well known to the art. Such
sh1ft1ng tools may be used to move mandrel 245 from the
35 flrst pos1t10n as deplcted in Flgure 5 to a second
p051t10n, wherein detent ledges 254 will engage lower




of course, only one portion of the bore through perforating/gravel pack
assenbly 10. 10 Qpetation of the exenplary enbodi nent of a
perforating gravel pack apparatus 10 of Figures 1-5 is as follows.
Perforating/gravel pack apparatus 10 will be lowered in the wellbore until
perforating gun 18 is adjacent zone of inter-€8=-20. Retrievabl e packer 46
will 15 then be seated to isolate a |ower portion of the wellbore 50
(beneat h packer 46), from an upper portion of the wellbore 51. At this
time, there will be an open path through the interior of the tubing string

and_t-hr ough per f Gehenty/gpaers 258k s shdis) preitdcsor é RIurality xef
desTTed convent i eiglouliteiertdalay Wilraiy el Hplirtirts 963 M1Tbee

utilized. For exanple, firing head 52 associated with perforati ng gun 18

may be either nedPRGitadipaldy,aldgned, st radialypords @3 pFlow,
FRy be actuated path wid1obes establiished/betweln’the andilde isvairdfindimg /gh
tubing string 22 and either througg the interior, of tubing.stri 22 to
firing head 52, GECBROVET GLERNE, S5, (SPECUSH BRIBATY; GFAYEL, PaFk soreen
responsi ve to ans@l)ys amde toole interdorpborer avi2ng, gateriar boreunsds imd

firing head 52 vviolfl c@i&f Qr alamyggmgr %q.ohmo% %g‘? %Qre thg'g m of

wel | bore 12. thi'S may Dbe ‘done any conventio neans, sucH as, for
exanpl e, an aut operforgkingdgravels packgassemblynd®.t he zone of interest 20
has been perforated (as 35 depicted in Figure 1B), the well w Il be
allowed to flow as desired, such as to clean perforations, and the well

%6 will1Be killed. RPeFatiey pil thesRERAPLATYHeRPORLBEREsOfnaFi gure 4)
may" be dropped i pertoratil agg%ﬁrhmgpaaﬂ appayatuko1besk Pigapak 19554Ef age
210 of novabl e V%LXEO%L?EV%erggrating/gravel pack apparatus 10 will be
lowered in the wellbore until perforating gun 18 is
_ adjacent zone of interest 20. Retrievable packer 46 will
15 then be seated to isolate a lower portion of the wellbore
50 (beneath packer 46), from an upper portion of the
wellbore 51. At this time, there will be an open path
through the interior of the tubing string and through
perforating/gravel pack assembly 10. Accordingly, any
20 desired conventional means for actuating perforating gun
18 may be utilized. For example, firing head 52
associated with perforating gun 18 may be either
N\ - mechanically actuated, such as through use of a drop bar,
or may be actuated by fluid pressure which will be
25 communicated through tubing string 22 and either through
the interior of tubing string 22 to firing head 52, or out
into lower annulus 50, where firing head 52 is responsive
to annulus pressure. After perforating, perforating gun
18 and firing head 52 will preferably be dropped into the
30 bottom of wellbore 12. this may be done by any
conventional means, such as, for example, an automatic gun

release firing head.

Once the zone of interest 20 has been perforated (as
35 depicted in Figure 1B), the well will be allowed to flow
as desired, such as to clean perforations, and the well



(see Figure 4). \Wen a predeterm ned pressure, for 5 exanple 1,000 psi.
(6895 KN [err]) is reached, shear pins 208 will shear and novabl e sl eeve
206 will shift downwardly. Sleeve 206 nay be allowed to be "bl own" out of
the |l ower end of perforating/gravel pack apparatus, through the opening
provided after dropping of perforating gun,}8. Myvenent 10 of novabl e
sl eeve 206 opens apertures 202 behind tell-tale screen 204, allowing fluid
comuni cation between the annulus and the interior bore 192 of
perforating/gravel pack apparatus 10. Retrievable packer 46 w |l be unset,

anﬁlgerfoigtlnﬁ&guabelkaaq&dasaeahhlﬁﬁg phahh bgnbahe&adpﬁsntom\Mﬂdas11n -
we ore unt.| ri r ac scre cent Z0

i nterest 20 (agiSB%FCngXPg g&F PPed. 1Re gHnggp k&PRI18 Fﬁlpﬁ@ﬁ be
reset at this dept-bstAbhesehlcmgf k;uwraeéhzns ost nbivabledvajleek @l edvearpsbe

20 set . e se pac r defln 0 annulus 51 =
above packer zsgﬁd%égP% ePeQS = g?ﬁngé %ﬁﬁggkkg' L packer 26
wi | | preberabl gxampleel , 099 nhlopbf?&ﬂ? t)" 1%1§§é¢hﬁdy shyegry m‘f@ua?ﬁ kbt rﬁj‘ear

string 22. Dart & @S@QBXeZEQee%edEBkCLEQ 'th§éh§§rgﬁﬁgﬁe re’saéeve 206

representation in Figure 2 oSl |on_|n | at1ve
conponent s wi | mayebghadlexed %£6sbrblPlowp™i §anPf|§PPy19P&€eGnﬂnF€ posi tion

in closing sleg %f%%thagpa&EQeatba&xaaspaeafaé peﬁkau ﬁSQKE
For purposes of this desCription, dart asse be descrlbed in

relation to Fi BEP¥idedpafte, s§€RBP}nSZSf|HGFEBéétéﬂgoEPQr 1fousMryementer
222. Hoy®i ng a&iembbhhmenhabezaz2nscbpdﬁa apeeﬁﬁféhlEOQOBeﬁathtell-tale

v
el udes & adPEFRS A0 g8 1o#aRE SORLAoRoBBIRRRACIAR, KEEHEARY SR endi ng
seating porti oandtlusSaatl the intetior bore 192 of perforating/gravel

pack apparatus 10. Retrievable packer 46 will be unset,
and perforating/gravel pack assembly 1o w111 be lowered
1S within wellbore 12 until primary gravel pack screen. 32 is
adjacent zone of interest 20 (as depicted in Figure 1C).
Retrievable packer 46 will then be reset at this depth.

After this flow path is established, packer 26 may be

20 set. The setting of packer 26 defines an upper wellbore
annulus 51 above packer 26 and a lower wellbore 52 annulus
below packer 26. Packer 26 will preferably be set by o
droppihg "dart" assembly 220 through tubing string 22. A
Dart assembly 220 is depicted in dashed, “shadow",

25 representation in Figure 2E, 'in the position in which the
relative components will be when dart assembly 220 is
initially placed into position in closing sleeve 120 on
perforating and gravel packs assembly 24.

30 For purposes of this déscription, dart assembly 220
will be described in relation to Figure 3. Dart assembly

iy

220 includes an outer housing member 222. Housing
assembly member 222 includes a generally conical or
“hullet—shaped" lower end 224. Proximate its upper end,
35 housing 220 includes a radiélly enlarged upset portion 228
and an outwardly extending seating poftion 230. Seating



portion 230 is preferably placed. at an upwardly extending angle, as
depicted in Figure 3. Dart housing assenbly 222 includes a plurality of
seals thereon. A first pair of seals 232, 234 is adapted to sealing engage
an upward recess 236 in closing sleeve 120. A lower seal 238 is adapted to
engage a |l ower portion within the bore- df7 &1 osing sl eeve 120. Dart housi ng
assenbly 222 includes a plurality of |ower ports 242 which comunicate with
an internal chanber 244 in dart housing assenbly 222. Chanber 244 i ncl udes
a | ower por tRFE oM 2 Hhd frP IgAREaR 1 Rfiagqd) adniady gRyagshl Gxtembingrhese

port _i_'-O“S ar %ﬁgﬁl@!%@%éﬁ%éﬁ@rﬂﬂiﬂe by, a pdrantdusihPlAs ety @2d Ng a
.balsf‘”seat. A check ball 248 js included within dart housing assenbly 222,
and acts as Hehidss 2R TR HE ehrtealsdhfneoo, AR AN PAILIY to 1 ow

upwardly frodesnal 232, P34 i D 2ddpted o addulinglergageaadinldpward argsdks s
portion 244 uf._n I N the, opposy di tion. Aplagaldity of radi
~apertures, ibzn%#)ca‘f eé;f‘bsé%é af %/g‘g? Siz%‘ﬁ pir gl\c/"lwd‘zer fﬁeualld %%%iac%tqtoeﬁpb‘g{% ween
radi al |y enlengpge chahdreer ppox§ion Midth inn the boatecdfore lofs ihg ts kessesbl y

220. As can gy Seesnif GRS 26saibl B 29160 daide 2SS Y 4 22 i 5 Seat ed
within closing sleeve 1 radi al ports 250 wil] be | ongg t udi nal I%/qba%%gned

20
with ports 1X0¥e%H ROGES ndhd| which copmynicate stidh 2o iR teghah i
seated by dropiig ddr €loneu é g tasdifb By r227)., tCiRanbart i26% Xifc Wdds a
facilitate rt assenﬂe%/ 2;%) bei n(? retrieved fro thle welll on 'reltj'ne or
slickline, ACYREPIIEPH 2282 304 A% YRyesd irsa'{goaf}siydeernecf"t%e et ace’ tabl e
ha-Q/_i/}ng el ectzédémnl chhnelsetpostioencircaddyarated riothn mmes dnwtthed r riey "a and
al S6 cable w ciri o S s ¢ r to
as "slickli #e’?mﬁteﬁ&ga%{ég%‘?spﬁ‘giel%ead t\S/Svl t i%sactjl .OSiAI’)l S e%vﬁeaeflgoi, [ uid
f1 ow downwards yinglwdesh vhteinodapbrousingfagsrmilsb|22A «ianf \#¢hs Afidh be

precl uded, hyhée@R! vaPve w2BHi®Ndart assembly 220, allowing fluid to flow
upwardly from smaller portion 244a of chamber 244 to
radially enlarged portion 244b, but not in the opposite
direction. A plurality of radial apertures, indicated
generally at 250, provide fluid communication between
radially enlarged chamber portion 2h4b to the exterior of
dart assembly 220. As can Be seen in Figures 2E and 3, when
dart assembly 220 is seated within closing sleeve 120,
radial ports 250 will be longitudinally aligned with ports

_ 121 in closing sleeve 120. Dart assembly 220, which will be

k; seated by dropping it down the tubing string, the portion
228 will facilitate dart assembly 220 being retrieved from
the well on wireline or slickline. As used herein, the term
wireline is considered to embrace cable having electrical
conductors, genefically referred to as "wireline," and also
cable without electrical conductors, such as is commonly
referred to as "slickline."

When dart 220 is received within closing sleeve

120, fluid flow downwardly through interior bore 192 of the
tool string will again be precluded, by seals 232, 234 on




- 18 - dart assenbly 220. Accordingly,
i nterior of tubing string 22,
88, and to thereby set packer 26 in th
Nos.
set,

thresnol d LSYE! akBeAIG! 005! RS AVEIL20pinRI8 B! bl o ©

enbodi nent

4,832,129 and 4, 834,175, nentione
the pressure in the tubing string may be elevated to a second

0 appr oxrnate

psi .

(19306 KhVﬁﬂFOpgha@bGnﬂmﬁgﬁlpﬁ’QfSWWbFHQCﬁ@§1P§’szhﬁésﬁG¢dUPp@53ure i s

achlh eved, atbeaatabﬁs pidtolf 180 TheJVughdRbrt! %@veaahao £y 'theﬁf‘é gawvardly -
W t respec

dreI 164 unti | Iocg ass 38 rests

Bl noent ' BRGKERy 28 dPcbhe, anbas, deseribed dn 068, BREERL MoS  Thi ¢

novenent o#4 sBeeueglaﬁdwd Ba@peﬂSpombmt%b&edl@&e&ﬁduk&& .t 0 Onire Eackér
I I nt e rt ta S r

anmul s, 158, ARIRIBN ol RRRC SRR B SLLIGS U5 ALY

dart is i nepevatiedn tof iagse®pndf Ittnumhshlodﬁ welvlelexq shdif totcloisd ngulsilegve

h h 128,11 .
pat h 302" (120: sp™ Erg, 8 F*%%“??QrQEEF%*ﬁ&?%?oEEEBS%?thoZQP%Ht  tel I

tal e assenﬁl’-’?sﬁlif& w1y bRaed evate

ack

pressure may be applied through the
to act upon actuation piston 80 through port
3 manner described in U S Patent

8prewously Once packer 26 has been

ferred

ce the

return

dafer pRPEOXimatelyary 89somil-y 220, past

check val vq1§ébsaM/ﬁlﬁt) R:la,r a%bn@p.qrshurtms%mmd t bheedithage thredholdl in

| | 120 t f | |
conmunt cat BRSGRUAS 18 AETLEYSHndbetoping didg idt: Ahestyi AP S i

attached séa20i edliombvas dewnwardd yt withprespectete dnassomandredt 164 i s
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packer packer “mandr el

crossover

al | owi ng r pragectiogd ledgend 4dasiasg depigited. imh&igureed.ca¥hig annul us
adj acent tgogeRentl ofNsekete 42011 open ports 128, 130 and 134 to

the fluid annulus. The alignment of those ports thus

establishes the gravel pack slurry path from the interior of

tubing string 22 to the annulus.

_ Oonce the dart is in position (fig. 3), fluid flow
will exit out of the tubing through ports 128,130 and 134
and be returned through the annular réturn-path 192 (figqg.
5). Fluid flow is received through port 202 in the tell-

tale assembly (fig. 4) upward_into aperture 242 in dart

assembly 220, past check valve 247 and out through apertures

250 and through apertures 121 in closing sleeve 120 as

depicted in fig. 2E. The fluid flow will be communicated

with the upward annulus by raising tubing string 22 and

attached service tool assembly 66 to a point where crossover

port 65 is elevated above top of the packer mandrel.

At this time seals previously in packer mandrel 64

above crossover port 65 are above the packer mandrel
allowing return fluid up the casing annulus. The

screen/casing annulus adjacent to zone of interest 20 may

then be gravel packed in a conventional manner by flowing

the slurry down through the tubing string into the annulus

through apertures 128,130 and 134 allowing carrier fluid to

return through ports'202 in tell-tale or production screen

(whichever is used) until screen out occurs.

e

<



t hen be gravel packed in a conventional manner by flow ng the slurry down
t hrough the tubing string into the annul us t hrough apertures 128, 130 and
134 allowng carrier fluid to return through ports 202 in tell-tale or

producti on screen (whichever is used) until screen out occurs. - 19 - As
will also be apparent, differential pressure operated circul ating val ve 40
W Il be responsive to an increase of pressiliPe-in the well annul us

(communi cating with valve 40 through port 176), relative to the pressure of
the return carrier fluhs8 willhi alsot bei appasent]Oodifrféeantiiai pressure

o ;
downvardl y, pr ovi IPREeSeRcrtF BRIt ALV Ry SUcrivhl b8 Zocrdieivaots pp .
return flow path mnbrebeep06VPUQSSﬁve fhutbewwehinanoudua gcompunicating

valve 36. As notegd;p ﬁEVEQU ?% g£¥ﬁr§§6%8 fef&ﬁfbé”ﬁosehét Eégsure

val ve to provide a return rimary gravel Screen
32. Sleeve val ve 96 hh¢ §€tﬁﬁénéﬂrﬁiﬁﬁrfiﬁlﬁhﬁlﬁbhﬂEhBFﬁ§16¥ Pﬂ??oaﬁétlon

of the gravel pacihehUthYs pyésaaﬁé B8VEEE6REL YEKk | FedEsaRBEUcEUSHRENGNE90,
actual gravel pack_operation, as uid flowis_eventually occl uded through

tell-tale screen ﬁégéhﬁgyshﬁevﬁhﬁﬁstﬂélﬁrEQE? AoERWAL Xeeﬂreﬁ 1R¥eR,
tubing string 22 wethrheflévspatRgBhioughpraxventie!l y Hd&lffﬁﬁallyZZaerﬁurn

| i h
rmnner o Thi s el evElPBPREn HhHhobS: PPRY et FOR N (HAHRLE SORUER' 52 8y
general |y above tabeegaldelvet365|ohs7n¢teddpnev10u$lpmlstQEQtvahuﬁ 36 is
reverse CirC“'atignwigﬁgiﬁgléﬁ FE&Q?%“#Qﬂv&aéé' oél&QQaf Heri Sk eEsL"

of tubing string I ona i s upward venment- of tu |qg string 22
will raise bOMFty@bug@|tbxoggh|pglmary gravel pack screen 32. eeve valve

36 may be opened prior to the commencing of introduction
of the gravel pack slurry, but most preferably will be
opened during the actual gravel pack operation, as fluid
flow is eventually occluded through tell-tale screen
assembly 44;

Once the gravel pack has been completed, tubing.string

22 will be raised again, approximately 4-6 feet (1.2271.83m), to

allow reversing out of the interior of tubing string in a
conventional manner. This elevation of tubing string will
QJ. raise radial port 130 generally above tube guide extension
74, and will ‘allow conventional reverse circulation to
displace remaining carrier fluid from the interior of
tubing string 22. AaAdditionally, this upward movement of
tubing string 22 will raise bow~type collet string
assembly 150 (see Figures 2E and 7). Upward movement of
crossover mandrel 132, and therefore of bow-type collet
assembly 150 will cause collet assembly 150 to deflect to
pass beneath inwardly extending surface 159 of housing
extension 161, but to radially expand upon passing such



assenbly 150 (see Figures 2E and 7). Upward novenent of crossover mandre
132, and therefore of bowtype collet assenbly 150 will cause coll et
assenbly 150 to deflect to pass beneath i nwardly extendi ng surface 159 of
housi ng extension 161, but to radially exgg gd upon passing such - 20-
surface such that radially outwardly extending | edge 153 will engage
shoul der- 157 of sliding val ve nenber 156. Continued upward novenent of

crossover nmandrel 132 will nove sliding valve nmenber 156 upwardly until
radially 5  sutfaed c&w@ﬁelmwn Lo@tnsrl

I nwar dl y extend.llgl? shoul der. 168_of coll 4 orec,:el v%%gégégga ﬁ%%&gFﬁ%hera
upwar d novenerfttof €193H% W%e’ﬁe%'éﬂft% 1ding c¥alvedu opSessendl y™

171. Thus, onc(lbraizlrﬂwfdg upﬁam Jﬁﬁvhéﬁénﬁe@fl éﬂls’ﬁdoﬁ@r %ﬁm dlfi Oéfgl 10

posi tion, pre M/t r i a epicted in
Figure 7), fu r&&ﬁd’:ﬂ@j #%g V%é@ﬁé‘?@f %{)ﬁ\}hf be =
precl udéd. mwﬁﬁwdﬂvmm:@lmlmtlasmmlptmz tersgages radiaFly i ng

22 will then g | Q4R 0] seal ed _engagenent

wi thin tube gu?‘?e ex?en& orﬁ}fg %%ﬂd% %é/éerréer:)tcc;f‘l% gt 'Tindr el- 132,
and t hereby oRS§eRblyYpd 6ol | &umgﬂﬂ@ nevement of fslidire yaisid i on of
sliding val ven@m@r 15%6 ias pradtiniden Q4 WeEsh ke?%bmbly ey £ndi é L UHee-03

is free to pas om slidi ng val ve 156, an 'sl'eeve

|
val ve 156 is Pat J‘H@dv ‘yc':"olll 56 hass hesny mved ke an I%quecé?l\ﬂﬁﬁgi assenbly
166 as1i1@escri peditdon, eprlé&leedﬁing AL [ IdwRchridiyH Waldit 1S igdritd 183y t hen

be appropri at el ace ut, | | head nay be Connected to . |,
t he tubing stﬁl‘%g RE (?gn @nﬁ%e %"nﬁartﬁ)(e exr; Wpyard ovenent, @fe | y 2>
may be renovedlidimgpyalse/ menbervasesddbbe predluded.

Once the reverse circulation is complete, tubing
15 string 22 will then again be lowered, returning port 130
to a sealed engagement within tube quide extension 74.
Downward movement of crossover mandrel.lsz,and thereby of
bow-type collet assembly 150 will not affect the position
of sliding valve'member 156 as 'radially outwardly
20 extending ledge 153 is free to pass downwardly from
sliding valve member 156, and as sleeve valve 156 is
retained by collet assembly 162 and collet receiving
assembly 166 as described earlier herein. At such time,
the tubing string may then be appropriately spaced out,
25 and the wellhead may be connected to the tﬁbing string in
a conventional manner. At such time, dart assembly 220
" may be removed from packer/crossover assembly 24. Datrt
assembly 220 may preferably be removed by engaging head
252 thereof with a conventional wireline-conveyed
30 retrieving toel and pulling dart assembly 220 upwardly out
of packer/crossover assembly 24. )

If for some reason, such as a pressure differential,
_ it is difficult to pull dart assembly 220 from the well
35 through such use of a wireline and retrieving tool,
pressure may be applied to the interior of tubing string



assenbly 220 may preferably be renoved by engagi ng head 252 thereof with a
conventional wreline-conveyed 30 retrieving tool and pulling dart
assenbly 220 upwardly out of packer/crossover assenbly 24. If for sone
reason, such as a pressure differential, it is difficult to pull dart
assenbly 220 fromthe well 35 . through steh~use of a wireline and
retrieving tool, pressure may be applied to the interior of tubing string
_21- 22 to establish a pressure differential in favor of the tubing string

above dart assenfy_ 220. suc ressur fferent ceeds shear
val 4 of shear gb‘nt taﬁg}ts%a aﬁﬁp ‘i’rg#] Wit Ib‘élﬁﬁv%e‘é’éh&l

may be 5 " bltoabirgutstrding m‘lmveorddmr aé%mtypmdorammwg/sglm@rmlre
apparatus 10, t p ef, 0, f gun
18 and firing hreaégl% %at%%@%é%ég é&r?%ﬁ%&%%vﬂg% ;hé;%a‘gil shed from
iviteri or bore l1%arntiassemsilyy 220 iaderep wititciciesing tsireve ol2kmay lee
as a prod%ctlon«fﬂl%wgmnf U filitied ik O BAYO Afltﬁqfffa ,Wagmthe

gravel pack annul us an ravel pack screen 32. aced

on producti on. Wy‘tuﬁhé%elqhm%é'é?ﬁ FRR#"G)VEH e’cf-f"'grlb}(/etf ebacked
and pl aced on prdidjyg Qi o tperaJrhtan@i l@ine g la{thffitﬂ‘lﬁ‘ujLﬁlead g0l adring

into the well bor erring now t ur t herei picted
alternative enb&gﬁlﬁe%‘li %SPP&PFI 1&"9 ei‘lsveesf@?n“sj]tﬁﬁf%‘g 1%3" 'ﬂ'seé’ﬁ‘ﬂ’
pl ace of ball thmes llodi iptel eabdng0 strlngalane whiials xiaesmnlﬁmﬂemﬁd’l sexspeect
- to Figur 1 an Y
-Wm\Ja | s(it%hreada ?ougf‘%?rl%%’ %.%w % ?Eglwe%fréq‘ %‘%%ﬁiomr sug’ %3"‘2"%8"
t hr eadabl y coupB@d#@rogg& tbeagravedc packs annrlysuarjdignaval) packuscrasn
266 includes a madi alphy §%88N3LY9thus be placed on production.
Accordingly,'the well has been perforated, gravel packed,
and placed on production with only a 51ng1e trip of the
15 tool string into the wellbore.

Referring now to Figure 9, theféin is depicted an
alternative embodiment of a sliding sleeve valve 260
suitable for use in place of ball type sliding sleeve
20 valve 44 as described with respect to Figqures 1 and 4.
| Sliding sleeve valve 260 includes an upper sub 262 which
_ is threadably coupled at 264 to lower sub 266. Lower sub
K,z 266 is threadably coupled at 268 to an adjacent sub or pup
joint 270. Lower sub 266 includes a radially extending
25 aperture 272 which is, in a first state of valve 260,
selectively occluded by sliding sleeve 274. Lower sub 266
includes a sealing member 276, such as a conventional O-
ring which engages the exterior surfacé of lower skirt 288
of sliding sleeve 274. Similarly, sliding sleeve 274
30 includes a recess 278 cohtaining a sealing member 280,
again such as a'conventional O-ring. Sealing member 280
sealingly engages an inner -extension surface 282 of lower
sub 266.

35 Between aperture 272 and sealing member 276 in lower
' sub 266, lower sub 266 includes a radially inwardly



25 - aperture 272 which is, in.a first state of valve 260, selectively
occluded by sliding sleeve 274. Lower sub 266 includes a sealing nenber

276, such as a conventional O0- ring which engages the exterior surface of

| ower skirt 288 of sliding sleeve 274. Sim=22=y, sliding sleeve 274 30

I ncludes a recess 278 containing a sealing nenber 280, again such as a
conventional Oring. Sealing nmenber 280 sealingly engages an inner

ext ensi on surface 282 of |ower sub 266. 35 Bet ween aperture 272
and seal i ng nen@¥tenddngnupses: 284 283 idindgcsleeNe2834i 48l udes a radi al
inwardly - 22coﬁgsi§ﬂehﬂaraa§eboa§i?u§bad saemsltaa%e i€7AabSaC eaa&umvt ar fiy.)/

configured such ,that It has a radia Iy

&endlng Ied 286 -
extending to thénHFﬁéﬁglSﬁtSFdﬂﬁﬂbiegﬂPr?8588x£ﬁpé ngn QgEQeS PPHﬁlﬁPnE@r '
276. Sliding 5 1owes! 9&191:2iésahaﬂchnﬁhgdg&saséamﬁlgl Mefibeyap gy esueatihag

t 290_which f 29 R
gBZEat|on5 tLg EiﬁngeizglBiSBflgFiﬁaﬁgcglﬁﬁéégg#X ?nggrdﬁ¥09¥§§§d&n§|ston
area establ i shedpsgtt eodwhicheengagesdansealingosurfacen2ez withdneupper

upper extension 2 g% | ower sub 266, adjacent sealing nenber 280, and the
di rension of lo % ft 288 of sliding sleeve 274, adjacent sealing nenber

276. Annul us pressure mﬁthin 15 aperture 272 will act upon this piston
area. Once the preSerSp ESnwetheaESHk P8R So U&ii&iﬁﬁtsiﬂeeéeg§4a
force on the piston, area over cones. t ear va ear pin

slidi ng X9 eeve BRaviges %Dpésﬁﬁﬂa?€¢§ eﬁﬁ?bllﬁhﬁﬂaPYytEﬁtQﬁfﬁﬁyeéﬁﬁeﬁﬂlng
upset 290 engageiméngfon of StRE $HAEHUSurfdde bt NppePPekténsich22sd! of nq,
sl eeve valve 26001?0!:30 \Ebeégé?b!an!aggrllgdsegafing member 280, and the
d1mensxon of lower skirt 288 of sliding sleeve 274,
adjacent sealing member 276. Annulus pressure within
15 aperture 272 w111 act upon thxs plston area. Once the
pressure in the well annulus becomes sufficient to exert a
force on the piston area which overcomes the shear value
of shear pin 275, sliding sleeve 274 will move upwardly,
until radially outwardly extending upset 290 engages a
20 stop shoulder 294 within upper sub 262.

sliding sleevé valve 260 also preferably includes a
locking mechanism to retain sliding sleeve 274 in its
upper, opened position, once the valve has been actuated.

25 In the depicted preferred embodiment, this locking
mechanism includes a split ring, such as a radially
expansible C-ring 296 housed within a recess 298 in
radially outwardly extending flange 290. As sliding
sleeve 274 moves. upwardly, 1ocking ring 296 will be
30 brought adjacent a radial locking recess 300 in upper sub
262. Split ring 296 will then expand, engaging recess
300, and presenting further movement of sliding sleeve
274. : T

35 Referring now to Figures 10A-B, therein is depicted a
slightly modified multi-position running tool, indicated



| ocki ng mechanismto retain slidi,ng sleeve 274 in its upper, opened
position, once the valve has'been actuatéd. 25 . In the depi cted
preferred enbodi nent, this |ocking nmechanismincludes a split ring, such as
a radially expansible CGring 296 housed within a recess 298 in radially
outwardly extending flange 290. As sliding st¥&¥xve 274 noves upwardly,

| ocking ring 296 wll be 30 brought adj acent a radial |ocking recess
300 in upper sub 262. Split ring 296 will then expand, engaging recess
300, and presenting further mvenent. of sliding sleeve 274.

Refigr'ri ng now toqﬁqﬁﬁ"ésl h @k B1%/h&daRted tt?e;ﬂ%c 1jzed Q‘W’I‘E/ aIpdifded
hul ti-position reiveure mdsemhl@l,cdkﬂi.cate&@emaaﬂgi layt atlz?alf)lae%iﬁﬂé%d to
be utilized with , t e at 312
Because nodi fi ed iilt}l1 pog‘q}]'q&ni’%ﬁﬁ‘ﬁf?zl ng&)ﬂ ?q'(?g&Pgr é’&?é’fﬁ'ey 312
Have conponents Aisisemblye 312 inaivea icompomenntis- quch awesniﬂlemtibaﬂ.nrmgmﬂdh-
80 of Figue 2 apieddilord teiiHing %%Qlogo':biuﬁﬁﬁr eSoMahd g é-'i:“%rs%@%lw 220

be assigned the Sane nu ers as "applied to sucC revi ous
conponents. The G@hﬁ?ﬂ@?ﬁbﬁ:oﬁlnéﬂ?r-§§§PFF§NeSuWAﬂAgb?oasségoednﬁhelsamae

assenbly 312 is pambetd as ¥p hbdleo sucﬁup&édlaa§1§oaeséEEbbaat'Ons

I nvol ving the use of a for I n_conbination wth the packer
and gravel packi f§®RS: |es EEPPQPFiQBCprEPFS§§PPﬁgtbﬁErHPFBA§9 t he
possi bility may enoat3ubahndebaaeurenaeéehb@ypsnﬁonatpaﬁtﬂualagmydwézl

ture

th
g;ﬁ;fﬂbtg gtﬁg p§§&§P3 kﬁFtF sFPP&ﬁchﬁﬂﬁﬁ 88ivgﬁg ﬁﬁéfﬁﬂgs° 8l osure
sl eeve 314. CIospezferatunQSaésbmhigsin pambinétienlwiﬁﬁGthélﬁauhezhanahen

closure sleeve 3dfay81 BaBkih§ShsBERbi188. 1In certain such perforating
operations, the possibility may exist that detonation of
the perforating gun could be transmitted within the tubing
15 string and, could cause premature setting of the packer.
Multi-position running tool 310 ihcludes a closure sleeve
314. Closure sleeve 314 houses a pair of seals 316, 318
which, when closure sleeve 314 is in a first position
straddle and therefore isolate port 88 in tool mandrel 66
20 from the interior bore thereof. Sleeve 314 is retained in
this first position by a shear pin 320 which'engages tool
mandrel 66 and sleeve 314. A tapéred transition to the
Kv/ : inner diameter of sleeve 314 is formed by end sleeve 322,
which is threadably coupled at 324 to top sub 326.
25 Closure sleeve 314 includes an inwardly extending shoulder
328 adapted to engage an uppér skirt 330, which is coupled
by means of a shear pin 332 to dart 334.

Dart 334 may be of essentially the same configuration
30 as described and depicted relative to dart 220 of Figure
3. Dart 334, as depicted, differs from dart 220 primarily
in that it includes chevron-type seals 336, 338 rather
than O-ring seals on its exterior surface.

a5 Multi-position service tool 310 also includes an
additional interior sleeve 340 extending within tool



straddl e and therefore isolate port 88 in tool nandrel 66 20 fromthe
interior bore thereof. Sleeve 314 is’retained in this first position by a
shear pin 320 which engages tool mandrel 66 and sl eeve 314. A tapered
transition to the inner dianeter of sleeve~344 is formed by end sl eeve 322,
which is threadably coupled at 324 to top sub 326. 25 Cl osure sl eeve

314 includes an inwardly extendi ng shoul der 328 adapted to engage an upper
skirt 330, which is coupled by nmeans of a shear pin 332 to dart 334. Dart

334 may be of cmardwrekl|66. t hEntemiox oplegve a340negbends dawnlcterimeardlyl

depi cted rel atigprdiaiitd tupsde 03451 gure 3. Dart 334, as depicted, differg:;
fromdart 220 primarily in that it includes chevron-type seals 336, 338 -~
rather than Oring seals on its exterior surface. 35 '
Mul ti - position servirTife toperadibml 69 hilt i€s6s 2Pionldséieivé tSHEIIN0 Hheeve
340 extending wiihin tool - -24§%£§erel 66. Iq%erior-s-eeve 40 exiends &
down to ihwar di§FBHRH AFEUE 3 B2 HUFHRS AR T TR oI HMFTTPoHITHHI
service tool 3lperation is AasfoElassenPyidd talinsertigerddralosuyer avel
packi ng oper ati Q.| I s ' Yolg tiom of C ssenbly

312, the perforé;%ér%%rg%'l %ee pa%%%%%i%c#%%ﬁ%%@%@c set o the
embodi nent of FRlepgwibed Withyespericita ithe empodingnt meHigureferiert ed

by the 10 AR P tdudh e By Ve idid) pREsdiid gerdrdtil Wy el

i sol ated from port and annul'us, 72 by c] osure sleeve 314. Accordingly,

there sHdll d bPerfanalidng qnerateareiitdern i the Fubing sHddg Widude
pressure gener dissldied FrdiePartdGidaeimiinis 7P by ERsEin [sledtedsur e u
assenbly 312 ((gyf.:aitégygfkﬁly; there should be no risk of inadvertent
setting of the packer through pressure generated by the
perforating operation. : '
15 o | )
Subseduently, closure asseﬁbly.alz'(dart 334 having
skirt 330 attached thereto), will be placed in the well
and allowed to seat in the position depicted in Figure 102
wherein sleeve 330 seats against shoulder 328 of closure
20 sleeve 314; Préssure within the tubing string will then
| be evaluated to a first threshold level, for example, 500
psi (34481KN/m2), causing shearing of shear pin 320 and a
downward shift of closure sleeve 314 until the-lower extent
of closure 314'hits the upper surface 344 of inner sleeve 'KJ
25 340. Further movement of closure sleeve 314 will thereby

be prevented.

Referring now also to Figure 11, the pressure within
the tubing string may then be further elevated, for example,

30 to 1,000 psi (6895 KN/mz) to cause the shearing of shearpin
332, thereby separating dart assembly 334 from skirt 330. -
skirt 330 will remain adjacent shifted closure sleeve 314,
and dart assembly 334 will be allowed to move downwardly .
within multi-position running tool 310 until it seats as

35 depicted in Figure 3 relative to the preceding embodiment.
The pressure within the tubing string may then be further



skirt 330 attached thereto), will. be placed in the well and allowed to seat
i-n the position depicted in Figure 10A wherein sl eeve 330 seats agai nst
shoul der 328 of closure 20  sleeve 314. Pressure within the tubing
string will then be evaluated to a first threshold | evel, for exanple, 500
psi. (3448 KN/ [err]), causing shearing of shegr pin 320 and a downward shift
of closure sleeve 314 until the | ower extent™of closure 314 hits the upper
surface 344 of inner sleeve 25 340. Further nmovenent of closure sleeve
314 will thereby be prevented. Referring now also to Figure 11, the
prégsure within Lmsvaeaavgfamggmiﬂ LR s: THrd 66 psl evet £0008 Psi
exanple, 30 go 1. 000 gSI éG 9 f?ﬂggrr]) to cause thg shear|n96of
‘shearpi n 332, th&PBBY ERphFAPPnkNimr! 5RsefBFs 3ULFIPBNPEKPREXRRBZ0 Sk rt
330 will remain agj eRenhashieit pheclioosle Gbeevebed4, and dart. assenbly 334
Wwill be allowed to nove downwardly within rmulti-position running tool 310
until it seats as 35 depicted in Figure 3 relative to the preceding
enbodi ments The pressMagyviddinicdeidnbiargl stax iat ixays they be hade him the
-25- elevated, for ex L e, 0 0 | Soa 0004 P5S t,0 13790
KN [err] ) to caﬁ'?gggg&??%ga o? %gﬁ%”?u%o’soi&?%%él man n%er p?%%/‘?%é%@éd Hereit
described. 5 withoutvhdepapting ciromwthearspinit Andnscops ot heloreseante
t echni ques and S%éUgBEiSﬁ.de§8£'£§¥h '|d4é§§ﬁ§uﬁg&rﬁgeéﬁvygigﬁga where a

departing fromt Irrt and scope o he present ‘I nvention, For exanple,

desi gns may be efiowphehedvakeee maRrimHahke aither e puehbyirel ing or

theough wgel i nerehidOpresshtd deci RS BE SGimPlinéhted | 60! SaE8¢€INéDy close
sel ectively close the iT.nterior bore_ of the tool

s € Siri ng &md to grogl t he
crossover. paths BBecinberiee bere 2fdhe Jingd String and to provide the

crossover paths described herein. Additionally, many
other types of closure mechanisms placed from the surface,
other than the dart assembly described herein may be

15 envisioned for establishing all or part of such crossover
'paths. Accordingly, it should be readily_understood that
the embodiments described and illustrated herein are
illustrative only. '




ot her types of closure nechani sns placed fromthe surface,

dart assenbly described herein may be' 15 envi si oned formﬂmm"mmn’mm"
all or part of such crossover paths. Accordingly, it should be feadilty s =
under st ood that the enbodi nents described and illustrated herein are '
il lustrative only. - 26 - CLAIMS: 1.2 - A gravel pack assenbly for
use in a tool string for gravel-packing an annular area of a well bore
surrounding at |east a portion-of said tool string in said wellbore, said
assenbly adzmhmdsi o be placed in said wellbore by being suspended froma __
tubing string; conprising: a packer assenbly; a crossover assenbly, said 7y
crossover assenbly being selectively operable froma first state in which
fluid commihi cation i& graceélideackheassembly for crserimor eteol sstringossover
assenbly angh:s Ll (0N YhdiSr 1A el SREOTE: S4AEE WPCL Sl Pobié Shut1Gihdihg | S

S
established co ni catlng an upper interior portion of said crossover
assenbl y width Least amRexkion of : sR1%ctonhi shring ot 3219 wellbRFenie to

establ i sh as£AE Aslséholy PEddpte@ntd béVladed ein 0said®IwéDIbeie SBy Obeing
crossover assenblg annul us above said packer: ﬁ.gravel pack
y, a

- [
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sel ecti vel yassembby p a atvesseveerassenbly ¢ saidl¢oossoved assemblyati on
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upper interior portiqn of said crossover-assembly with said

annulus, and further being selectively manipulable to

establish a second flow path from a lower interior portion

of said crossover assembly to a_wellbore.annulus above said

packer; a gravel pack screen disposed around a portion of

said gravel pack assembly; a selectively operable valve

member operable to allow fluid communication from the

annulus in said wellbore exterior to said screen to a lower

interior portion of said crossover assembly; and an

operating mechanism selectively engageable with said

crossover assembly to occlude fluid flow through said R
interior bore of said crossover assembly, at least in a o/

first direction, and to operaté said crossover assembly
between said first and second states.

2. An assembly according to claim 1, wherein said
operating mechanism comprises a probe assembly selectively
insertable into said crossover assembly after said crossover
assembly has been placed in said wellbore.

3. An apparatus according to claim 1 or 2, wherein
said crossover assembly is manipulable between said first
and second states in response to hydraulic pressure applied
in said tubing string.

5.

(&



2. An assenbly .according to claiml, wherein said operating

mechani sm conpri ses a probe assenbly selectlvely I nsertable into sa
crossover assenbly after said crossover assenbly has bee u“m‘ ﬁi“lﬁ“ﬁi“ﬂl'
wel | bore. 3. An apparatus according to claim1l or

crossover assenbly is manipul abl e betwee2?”7 said first and second states in
response to hydraulic pressure applied in said tubing string. - 27 - 4.
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introducing a gravel slurry through said tubing strlng to

said crossover assembly and thereby gravel packing said

annulus surrouhding said tool string; re-establishing said

open bore through said crossover assembly without removing

said crossover assembly from said wellbore; and producing

fluids from said wellbore through said gfavel packed annulus
e and through said crossover assembly.

5. A method according to claim 4, wherein said step
of selectively closing said open bore of said crossover
assembly is accomplished, at least in part, by placing a
probe member in said tool string after said tool string is
disposed in said wellbore.

6. A method according to claim 4 or 5, wherein said
tool string further comprises a perforating assembly, and
wherein 'said method fﬁrther comprises the step of
perforating said wellbore.

7. A method in accordance with claim 4, 5 or 6,

wherein said step of selectively operating said crossover
tool to establish said second flow path comprises the step
of longitudinally moving a portion of said crossover tool.



di sposed in said wellbore. 6. . A met hod, according t laim4 or 5, =
wherein said tool string further conpfises a perforating %ﬂi} “)“mm”““l
wherein said nethod further conprises the step of perforatiMge W ey TR
wel | bore. 7. A nmethod in accordance with claim4, 5 or 6, wherein
sai d step of selectively operating sard 28rossover tool to establish said

second fl ow path conprlses the step of longitudinally nmoving a portion of

sai d crossover tool. A nmethod in accor nie mntg %5¥
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the interior of said tubing string at a location above said
first packer assembly to the wellbore annulus below said
first packer assembly, and selectively operable to provide a
second flow path from the interior of said tool string below
said first packer assembly to the annulus in said wellbore
above said first packer assembly, said crossover assembly

b
<

having an open bore therein; a perforating assembly

selectively operable to perforate said formation, the said *
perforating assembly being operable in response optionally

to either mechanical impact or fluid pressure; and an

operating mechanism associatable with said crossover B
assembly for selectively closing said open bore and for F—)

selectively operating said crossover tool to establish, at
least in part, said first and second flow paths.

- 10. An apparatus according to claim 9, wherein said
operating mechanism comprises an assembly adapted to be
placed in said crossover assembly after said crossover
assembly is placed in said wellbore.

Oy

11. An apparatus according to claim 10, wherein said ;
operating mechanism-cooperativeiy engages a movable member

in said crossover assembly to preclude downward flow of

fluid through the interior of said crossover assembly at a

first degree of pressure within said tubing string.



assenbly for selectively closing said open bore and for selectlvel
operating said crossover tool' to establish, at least in pa ' vawﬂ’um
and second fl ow paths. 10. An appar atus accordi ng to

sai d operating nmechani sm conprises an a%§ nbly adapted to be p aced "in®safd
crossover assenbly after said crossoveéer “dsSenbly is placed in said
wel | bore. 11. An appar at us accordlng to cIarnrlO wherein said
operatin ani smc rat el |
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of claine 9 to 12, wherein said perforating assenbly conprises a second
packer assenbly. 14. A nethod for perforating and gravel packing a
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- fluids from said wellbore on a single trip of said tool
string into said wellbore, said method comprising the steps
of: lowering said tool string into said well; actuating said
perforating assembly to perforate said formation;
selectively closing said open interior bore of said
crossover assembly to set said packer at a first level of
pressure in said tubing string; establishing a second

~ pressure level in said tubing string, said second pressure
level operating said crossover assembly to establish said
first flow path; selectively operating said crossover tool
to establish said second flow path; introducing a gravel

N slurry through said tubing string to said crossover assembly

and thereby gravel packing said annulus surrounding said
tool string; re—establishing said open bore through said
crossover assembly without removing said crossover assembly
from said wellbore; and producing fluids from said wellbore
through said gravel packed annulus and through said
crossover assembly.

15. - A method according to claim 14, wherein said step
of selectively closing said open bore of said crossover
assembly is accomplished, at least in part, by placing a
probe member in said tool string after said tool string is
disposed in said wellbore.



first flow path; selectively operating said crossover too '
said second flow path; introducing a gravel slurry throug lmmai\m ”!ll
string to said crossover assenbly and thereby gravel pack d

surroundi ng said tool string; re-establishing said open bore through said
crossover assenbly w thout renoving sal #%rossover assenbly from said
wel | bore; and producing fluids fromsaid wellbore through said gravel

packed annul,ys and throu sajd cro over 2$ enbl A et hod
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as descrlbed herein with reference to the accompanying
drawings.
18. A method of gravel packing using the assembly of
claim 1, substantially as described. herein.
19. A gravel pack assembly in accordance with claim 1
substantially as described herein.
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