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EXPENDABLE DOWNHOLE PLUG This invention relates generally to conpletion -

t echni ques for use in uncased highly devicated or horizontal well .bores, and .
in particular to an expendabl e downhol e plug for use, for exanple, i'm o
i nhi biting the unintentional introduction of fluid into a flow bore.
According to the present invention, there is provided an expendabl e plug

for inhibiting the unintentional introduction of fluid into a flow bore,

the plug conprising an external mounting collar having a |ongitudinal flow
passage\fherethrough and sealing neans about its exterior, the collar being
arranged to be nounted within said flow bore so that said flow passage is
in registration with said flow bore, within the collar there being an
internal C-ring conprising an outwardly biased split ring having a bore
hole therein, said Gring being restrained within the bore of said nounting
collar by shearable neans protruding fromsaid nmounting collar into said
bore hole in said CGring. In one arrangenent, a plug of the invention
conprises an internal Cring conpressed_wythin the bore of an external
nounting collar and restrained therein by shearable neans; said Cring
conprising an outwardly biased ring having a slot therethrough, said ring

bei ng conpressed to approxi MiEXFENDABLE BOWNAARE 2Bdcretained in said shape
by confinement within said bore in said nounting collar; a plurality of '

resilient collet fingers being formed by slots in said ring, said fingers
being rigidly attached Ttisonisnvent ifon gaile teisngeaedaddpyetdi cgmpliertdfonrom and

having a resuééﬂgiques for use in uncased highly deviated or horizontal

o well bores, and in particular to an expendable downhole plug

e for use, for example, in inhibiting the unintentional
introduction of fluid into a flow bore.

According to the present invention, there is
provided an expendable plug for inhibiting the unintentional
introduction of fluid into a flow bore, the plug comprising
an external mounting collar having a longitudinal flow
passage therethrough and sealing means about its exterior,
the collar being arranged to be mounted within said flow
bore so that said flow passage is in registration with said
flow bore, within the collar there being an internal C-ring
comprising an outwardly biased split ring having a bore hole
therein, said C-ring being restrained within the bore of

L said mounting collar by shearable means protruding from said
mounting collar into said bore hole in said C-ring.

In one arrangement, a plug of the invention
comprises an internal C-ring compressed within the bore of
an external mounting collar and ;estrained therein by
shearable means; said C-ring comprising an outwardly biased
ring having a slot therethrough, said ring being compressed
to approximate a circular shape and retained in said shape
by confinement within said bore in said mounting collar; a
plurality of resilient collet fingers being formed by slots
in said ring, said fingers being rigidly attached at one end

to said ring and depending therefrom and having a resilient



-2- coating thereon, each of said collet fingers having a radially o
outwardly sl oping shoul der at the unrestrained end of said. finger, and at

. "least one of said collet fingers has a drill hole therethroUgh‘internediaté

"said unrestrained end thereof and said ring; said external nounting collar
conprising an essentially cylindrical tube havi ng at | east one bore hole
intermediate its ends said bore hore2 bg&ing alignable with said drill hole
in said internal Gring; and said collar further having circunferenttigl
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may be more ful Ly understood, reference wil acconpanyi ng
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exterior surface thereof on each side of said bore hole,
each of said"grooves being parallel.io each other and being
" located intermediate said bore hole'and an end of said
mounting collar, each of said grooves holding peripheral
sealing means. : ' .

"In order that the invention may be more fully
understood, reference will be made to the accompanying
drawings wherein a plug of the invention is included in é
production work string. in the drawings:

Figure 1A is a schematic view of a well completion
partially in sectioh and partly ih elévation, with a portion
cut away in which the downhole filtration device is a well
screen or a sintered metal tube. '

Figure 1B is a2 schematic view of a portion of a
well completion shown in elevation, partially cut away, in N
which a slotted liner is used as the downhole filtration .'QJ
device. | o

Figures 2A through 2H taken together is a view,

partly in section and partly in élévation.of a work string
as it is run in the hole. '

Figures 3A and 3B taken together is a view, partly
in section and partly in elevation of'an embodiment of

hydraulic patker,'hydraUIic setting tool and an expendable
plug of the present invention, after the flow ports of the
setting tool have been opened but before the packer is set.

Figurgs'AA.and 4B taken tOgéther is a view, partly
in section.and partly in elevation of the hydraulic packer



as it isrunin the hole. Figures 3A and 3B taken together is a view,
partly in section and partly in elevation of an enbodi nent of hydraulic
packer, hydraulic setting tool and an expendable plug of the present.’

i nvention, after the flow ports of the setting tool have been opened but
before the packer is set. Figures 4A and 4B taken together is a view,
partly in section and partly in el evatT ch of t he hydraul i c packer - 3-
and hydfaulic setting tool in the set position. Figures 5A and 5B t aken

together is a yi.ew, Lyl ectio d.partly in elevation, of the float
shoe, the pearnn%n%’ﬁ?r%?tijgcaﬂ%i&ﬁ%g C{'J%ori Z{; eér:i'eposr § d’r?so’ft’t?'ne‘ wor k string.
Figure 6 is a |ongitudFhstirescis cand chaksn fogafihal nehta ofiem. expentinbl e

pl ug construgy ege QE£OR ARG pRri 1P O ESENad iMENIOthd P £t Tshde 8 CROSS
séctional view of the expendabl e plug taken across line 7 in Figqure 6

p .
Figure 8 is REERaRENtcRIPE 3Rd \they HP (RACksH ARFIAR R gtRea Beross i ne
8 in Figure éerfagure 9 is a longitudinal section of a permanent plug and

drop ball. In the descgiption.which follows.. like r{ds e marke
t hroughout the specifi éé 1o gln’éls d?aif\ﬁ’-nr@%t%’ttha]t hseeo'cgtalrr%nagfefvelr%%c%gnﬁtﬁer al s,

respectivel yemtipdideati nfsaar expendatesstusg |gonst ructed aaccendips oporti ons
of certain pgglSpresent invention.

| Figure 7 is a cross sectional view of the

expendable plug taken across line 7 in Figure 6.

Figure 8 is a cross sectional view of the
expendable plug taien across line 8 in Figure 6.

Figure 9 is a longitudinal section of a permanent
plug and drop ball.

In the description which follows, like parts are
marked throughout the specification and drawings with the
same reference numerals, respectively. The drawings are not
necessarily to séale and the proportions of certain parts
have been exaggerated to better illustrate details and
features of the invention. Furthermore, throughout this
disclosure, the letter "T" has been used to denote threaded
tubular connections.

Referring now to Figure lA, bore hole 10 for an
earth well is drilled more or less vertically through
gi several layers of overburden and may, through the use of

directional drilling motors or the like, turn from the

vertical to a more or less horizontal orientation for the

purpose of either placing as much of the bore hole within a

producing stratum, P, or for reaching an o0il producing

formation remote from the vertical portion of the bore.

' The vertical portion of the bore is frequently
shored up against collapse by a casing 11 which is cemented
in position through which a liner 12 is run. As shown, the
liner frequently only extends a portidn of the length of the
non-vertical portion of the well, leaving the balance of the

bore as an open hole 15, which may be prone to erosion or



have been exaggerated to better illustrate details and features of the
invention. Furthernore, throughout this disclosure, the letter-"T" has been
-used to denote threaded tubul ar connections. Referring nowto Figure 1A -

bore hole 10 for an earth well is drilled nore or less vertically through
several |ayers of overburden and may, ,through the use of directional
drilling notors or the like, turn frof fhe vertical to a nore or |ess

hori zontal orientation for the purpose of either placing as nuch of tk

bore_hol € .y 13563 121 Q0UGHA0 311344 1R el ofi0proaREliisag an of | producing
for mati onSPendfESt fomt he Vertical portion of the bore. The verti cal '
portion of the bor e Ins omdegud®t Plaseotd® ¥8ldgamn@rod®atd®fe by a casing 11

V\ﬂi Clh' s s?%%_%(io:nn te infgl %itdclihr qu&brw&hea:f |‘sioﬁﬁr_ lfb:hi F:oﬁ ]Eabwhnqsomovm, |
the liner frequently only exten portion of_ .the gth of the 0y
non-verti &3 tpatiofh “‘(?I’a“tshiibﬁﬁ It?‘aiatefg’l%'é’ t'fe Fﬁéugﬁcgmofcqt"%r or e as an

open hol eo¥Smotlei airappedoaripfeorve 1tlo seresinGn ogT one -of- myuig apsl af t er the

well is pl ace‘ln‘%’}i%[]%%tde%-wi'&.Qfeci‘?ir & R havin g eld HhPrggluction,

product i off ot Ui ng rncorporates sone formof downhole filtration nmeans
li ke that beftoveren safidyrancentddfpracrienp sod igh hate baehRACKES ¥ 1k |
screens or one or nore dual concentric wapped wire well screens having an
annul us between said concentric screens which has been packed with




-5- sand, gravel or epoxy coated gravel, commonly referred to as dual
screen prepack wel | screens, or sintered netal tubes, collectively:S “are
run in the uncased portion of the well bore to retard the flow of ~sand
fines into the production tubing aI_o;g W th the produced fluids. For
pur poses of this application, wapped wire well screens, dual screen
prepacks and sintered tubes will cqllectively be referred to_as well
screeri‘ssa"%t%?"r‘\‘é?}V%Fy?p‘%ysﬁ'a%eﬁingﬁ‘gﬁ}e qoumenky ¥ekerr¥eReto 2s dudlpe
utrIrZédrnEIaceo igf addition to wel

ng r
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pl acement of the downhole filtration dévice wth reference to"the pro ucr ng

formati proBuckackenids.i s Fayd éﬂﬂpaseéé YO§0EHB.E§3'[ Hbétbfoﬁarwaﬁ éarmee
t hrough tubular work string 1 I'n a substantially horizontal ? bor e,

t he opeweldl esdbeéns] r equiaDt | gcrtéé erpprbpddis drade glihitie@d, tabeshowiill
whi ch make proper placenent of the filtration neans difficult. A float shoe
50, descoilbedtivelyr blecrrefidmidd bedoas Walilngcreemsyi t ubll bernatbvepmssage
therethrough with a lower flow port 505 at the end thereof and a plurality
of | at eshwn| by Higwxe SuR), exisdatited Adsersald nayidre mitkelzed g pdasegert o
the circunference of said float shoe is attached to the end of said

downhol &%f Pt Fﬁ?i’-&h°&e$9c@el*h§clrﬁﬁg§t-udr nal flow passage of said

n hydraulically actuated

' packer‘*30 having retrievable hydraulic setting tool 20 shearably

attached thereto is located within liner 12 and a sufficient number
of lengths of blank pipe, B, are placed in the production string
and threadedly attached' to said hydraulic packer to allow for the
proper placement of the downhole filtration device with reference
to the producing formation P. Packer 30 is hydraulically connected
to the earth’s surface through tubular work string 18.

In a substantially horizontal well bore, the open hole 15 is
frequently littered_ with drill cuttings, not shown, which make

hd proper placement of the filtration means difficult. JAeeerdimg=bto=

the-current-inventiom & float shoe 50, described in further detail
below,- having a longitudinél flow passage therethrough with a lower
flow port 505 at the end thereof and a plurality of lateral flow
ports 510 extending from said longitudinal flow passage to the
circunference of said float shoey,is attached to the end of said

downhole filtration device. The longitudinal flow passage of said:



-6- float shoe is attached to work string 18 which is concentrically placed
within the fl ow passage of said downhole filtration device and run
concurrently therewith. In this manner, fluid can be punped down the work
string 18 under pressure and through £l ow ports 505 and 510 in float shoe
50 to jet wash said drill cuttings and other debris fromin front of said
filtration device thereby facilitating the easy placenent thereof in its

desi red Ifé@&tti 6#% tll$l natt@chad toMeriostrdadci§ wadedr g0 Ganesriinically

|ncorpora ed strln 18 in the cut amay por ti re d of
slotted P %&\ﬁ BFHe LD R "23‘ ﬁr?:ﬁvﬁrkl%‘? r$

I ncl udi n h I §hqg 5 s he run in p05|t|on is to be
understo%@ht u% sal word ring |s p daced within the bore of production
tubing 19 50 t g thlsaamatitR SCrddid IoshHlIne Pl Gt Nfe Lok T S6RLS
slotted |iner andlihe wor k str%ng Is run into the hole é%ncurrent FE%

sai d prpﬂiﬁéw@rb%l&m@ &snaam&@wndflﬂwba%scwgc&ﬁa $¥ol §nafias{ae§née 50
hydraulic setting tool 20 by lugs 301 and shear screws 242. Setting tool 20

and hydr aid ijetpasiel SHiardr il thett s dnd lctard ideBris fedrnin 4£88rt 10
whi ch reference should be nade. Setting tool 20 has piston 210 gui ded for
| ongi t udiszdld nbykteation ddviwerthéPeby Facddiitatdihgbeting keasy gphadement
agai nst inner tool mandrel 215 by cylinder wall 217 and is maintained in
slidi ng diprpafn tiks eimsire@alqbaﬁmmmx@geduw wejl rkoreeakage of -

fluid power by seal neans 218a and

Ported cup packer 80 is shown J.ncorporated in work str:l.ng 18
in the cut away portion of.screen=S'and-qf=slotted.11ner L‘aa—thei::
FIRRCF-CoRLEoRplabed=in-this—inventions

Referring now to Figu:es 2A through 2F, the'work'string,
including the float shoe is shown in the run in positioﬁ. It is to
be understood that said work string is placed within the bore of
production tubing 19 so that float shoe 50 is fixedly*attached
either to screen S or slotted liner L and the'WDrk string is run
into the hole.-concurrently' with said production tubing as

aforesaid. -

Hydraulic packer 30 is attached to hydraulic.setting tool 20

(@

by lugs 301 and shear screws 242.--Setting tool 20 andllyi:aulic

packer 30 are of the ty;pef'di's'clos'ed in U.S. Patent 4,832,129l\which
refecence Shoold -

»

-Setting "tool 20 has piston
210 guided for longitudinal movement in cylinder 212 as a resuit of
being restrained against inner tool mandrel 215 by cylinder wall
217 and is maintained in sliding engagement therewith. Said piston

is sealed against leakage of fluid power by seal means 218a and



-7- 218b nmounted in grooves about piston head 220 and seal neans 222a and
222b mounted in grooves about piston:rod 224. Piston rod 224 has a radially
i nwardl y sl opi ng shoul der 226 which cooperates with inner tool mandrel 215
to form preopeni ng chanber 228 in cyli ndir 212, said chamber being
connected by flow port 230 to longitudinal~tool string flow passage 232.

Pi ston rod Zaﬁaj I S in‘ﬁ:ﬁont acti an en a‘%{(farrenjt W th packer settin rm 236

whi ch ii-ds%’i BISPNSh e Y WIN G QPFHRRARI P ARUSAE RS M2
t ool mandr R i | S, restral [ ngi Lpal
myvemnment CF&Il’dI n%gr%n I n eyét%'%an it‘)%é}hgesa%bs?g%eﬁgsgﬁg. L&ngzéﬁk)n I%gg#ﬁgtﬂ%dazr%“
will recogid e iadtiaaug rRRirAly1 b lob1RRr SRS ULHUBRBOVALEN! BoBpERNEES byt
possi bl e- to nechani cal I'y set a packer 1ntende ?or ydraul i ¢ operation |1’
suf fi ci entioppostadl fdi@se Br 2196661 664 ﬂ:fveédfwniﬁ@iwaﬁéf Ng28lUih NGy 1 ifder
in, especially as the tubing string is being forced through a turn or bend
i n the borrLhpleaklichambers bdings icorined-tiad byglewlpoAtdd2Bootal 1ongitadihal
agai nst premature setting is provided by anti preset lug 301 which is

i ncor por atesbl nspatkgr fA®warphskaye | 222 . belMiwtdixpeodiab ¢ [dlsugimssenbagt By
of the invntion is slidably fitted into tool string flow passage 232 and
support ed engagementy vhthcpagkent seftdngo@amarddéy whirghedishwlideblporognted

external nmounting col]lar 605 with upper shoul der 242 of inner _tool _mandrel
215. The Witk setting yieLXhentirn sidg 23 andodnrgrdterionandselhais-

o SRS LR N 202 LR PSSR L0 e curing
_ run in by transit shear screws 240. One skilled in the art will
e recogriize that such restraint is necessary during run in because it
is possible to mechapi,cally set a packer intended for hydraulic
operatién if sufficient cppos_i.ng. forces are generated in the tubing
. string during run in, especially as the tubing string is being
férced through a turn or bend in the bore hole such as is
illustrated ir_l Figure 1. Additional restraint against premature
sétting is provided by anti prelse"t lug 301 which is incorporated in

packer 30 and described bel:g. He v eu‘\'ib-’\
Expendable plug assembly 60fis slidably fitted into tool
-&J; string flovw passage 232 and supéorted therein by the cooperation of
| outwardly turned shoulder 601 of external mounting collar 605 with
upper shoulder 242 of inner tool mandrel 215. The assembly is
aligned within tool string flow mandrel 232 so that radially

extending flow bore 603 in said plug assembly is in flow

registration with flow port 230 in hydraulic setting tool 20.



Referring now to Figure 6, expendable plug 60 is conprised of a cylindrical
external nounting collar 605 having atgleast [err] internally threaded
radially extending flow bore 603 extedding fromthe outside of said

cylinder to the inside of said cylinder. 5 I nt ernedi ate said fIOM/bores
and the engds Q-S4 dRHRL B I gr v 8 1'@&‘% i ot
607, 608 fltteg | ntgg groovesggggle gioé%ﬁoe p‘?%%/%n?p akagel | nto sal r%?al |y

ext eadl%miﬁm@ﬂ e &3 rnbdM meithd heotds ossahdvexyelatal 18858t
col l ar 605. Conpressed wi thin |ongitudinal bore 612 of :external -mounting 10

col | dntednallly theeadledCrRangldidextendthgat 16 ore GoB estenditry Fron .
outwardly biased ring collar 616 from which. depends a plurality. of -

resi kthentowtside fafmgesaridoidyXindemd by athpe udaside obfs|saist Gteo.ukiemu o
said collar, said fingers being rigidly bound to said ring collar at one v
Send Anterpedipter said |fhowmtbares Andrthe erdsres eaadlgountﬁtegrncmé{hacxg in
aradially outmardly sl oped_shoul der, 620. .Said.C Ri‘'ng has a single

| ongPEEdiSRR ¥ﬂ9tm%?25ex§§ﬁ&lﬁ?t?ﬁ?%ﬁﬂ?rEOVenépﬁtqkﬁﬁﬁﬁ bﬂﬂ°fSFﬁPM§%a

S'né;cé"a%‘% Jé‘é?ﬁ 'POEFE’S% “UenbRag (HCPoPRYA BERAPILY, SRFEPRIPE. 1o BB Sunen

f d h h
oppoSPil f%%dgsg%ua‘f it L S iy %%%?%i‘ wapdiak RO5ene:
The end o lc(r) pg% %c?{ﬂaé' gﬁﬁ%g@:%: Qi %9%] < tlﬁ %Qe&tgilﬁai N ]

inwardly s I'S coate pol ynmeric coating 627,
OSUChcéilQrt%b%eﬂgﬂﬁﬁﬂerﬂélféuﬁﬂﬁbfﬁﬁﬁ fOanéPﬂafabLang &2 dcom grlses

polymeric coating also assists in the maintenance of said outwardly b|ased

ri Ngagoblugyairdliyt Higisedurdhgs BaNaads 6AE0ELRI thhichl depeaaet a plupedlitydi ip
the free ends of said collet fingers and said ring -

of resilient collet fingers 618 formed by a plurallty of slots 630

cut into said collar, sald flngers belng rlgldly bound to Sald rlng
collar at one end and left free to flex at the other, sald free end
15 terminating in a radlally outwardly sloped shoulder 620. Said C-
Ring has a 51ngle longitudinal Sllt 622 extendlng the entlre length
thereof and formlng'a d1v1d1ng Junctlon between two ad]acent collet
- fingers. said ring collar and sald collet flngers comblne to form
a generally cylindrical shape when sald. rlng' and sald collet
20 f;ngers are compressed so’ that the_ opp051ng s1des of said —
longitudinal slit 622 approximate each. other.' The'end'of'ring
collar 616 opposite sald collet flngers has a radlally 1nward1y
sloped shoulder 623 which is coated w1th an polymerlc ooatlng 627,
such as nitrile rubber, to form a seat for drop ball A. Said
25  polymeric coeting'alsO'assists in the maintenance of sald ontwardly

biased ring collar in its circular shape as aforesaid. At a point:



collar, there are a nunber of bore holes 624 corresponding with and
alignable with said internally threaded r@di ally extending fl ow bores 603
in said external nmounting collar 605. Shedrable neans 5 such as hol | ow
Shear screws 626 are threadedly engaged in said radially extending flow

oon su 1 inReRRld R S £POUNERAE GF |3 PG CHLRRR LT X d Ot £y

624 sufficien enoug at at least 'a Ion o e hollow center

628 and" tha 1lld;nénend hber §husdr B¢ Hatd Rl esb94PebErB8b8nalfy with and
Returnig now to Figure 2A, hydraulic packer 30 conprises Inner too

nandr el aliqﬂmuneen&emdsaiarqmgbﬁdaiﬂyNEﬁﬁéaﬁémJrbaiail?féxﬂéhdiﬂgiflow
hydraul ic setting tool 20 and packer 30, and outer nandrel 302 which
suppor t sberelsi 6@ 3elanesd idackbegendDSnoantingscodlubr eé@Sset sSidawdisle nhdans
305a, 305b and 305c which are constructed 15 frommaterials well known
i n Bhe asuchhiash hedloWoshearo srrewspa?bblagen threddediiynieopegedyiitonsaid
in which they are expected to function, and opposing slips 310a and 310b.

| nner nmakaddpliysextendiagiédry berrecheld in pridextreonnalnegnting:cellar

upper end and to a swivel joint 312 to allow 20, , rotation of wash ﬁigf
401, des€PPpeRdperERNdadntesbpEReholrl. 63A sREEIFIeRbAN EREeRBUER BDaY 38

joint i |let type.ball her,315 of a type wel in.the art
bonpr | 51 AGSEtpPUPREEES P TLRP| BENLPHSPPRERE BEP) 802 FhaarLLad < oA thpr oot

\ I 319 Wt [ id | let fi te to f
2725 soab2e Eri e B b T D 2% nto sealing engagement in
10;grder to prewiedend nPalbw Lol PIER2eC N ERYdfalt 18! BabRelr Hd | SombtP¥es

passage 232.

. innergtool mandrel 215 which extends through the longitudinal bores
of both said hydraulic setting tool 20 and packer 30, and outef
ﬁandrel 302 which supports sealing element package 305, comprising
three sets of elements, 305a, 305b and 305c which are constructed

15 froh materials well known in the art which are chosen to be
compatible with the downhole environment in which they are expected
to function, and opposing slips 310a and 310b.

Inner mandrel 215 is threadedly connected to production-
tubing 19 at its upper end and to a swivel joint 312 to allow

20 rotation of wash pipe 401, described below, at its lower end.

Threadedly cdnnected to said swivel joint is collet type ball
catcher 315 of a typelwell known in the art, comprising a plurality
of upraised resilient collet fingers 317 and an upper sealing

shoulder 319 with which said collet fingers cooperate to form a

* 25 seat within which a drop ball is pumped into sealing engagement in



In order to set packer 30, ball A is punped down work string 18 into

seal i ng engagenent with outwardly sl oped,shoul der 620 of 5 I nt ernal
coll et catcher 614. Increasing the preséure in said work string forces
internal collet catcher 614 downwardly into engagenment with holl ow
shear screws 626 causing said screws to shear thereby opening the hollow
cent epERE tterpodvide arveansgte finswenss preseuvecHitbdn Foolngtnigw
passage 232 and preopeni ng 10 ~chanmber 228. Further increasing presgyre
i n t h& Qe PaARAFIAGR) es internal collet catcher 614 to be expelled from
external mounting collar 605.

i h iin .Fi gure 3 "col.l . h
614 clears tHe %ﬂeé? g %mq{{}srcl}ﬁ,;b%%éndé %é‘r"@ur % 9371 ﬁ%gég&'%%lﬁgstﬁa'{ggr o
oall | 38 ks et ihEahanSenste VAR At Sl Aiolld Ishaf dEr 62d"BY

I'ncreasead pressure 10rces

LR o e A BT QR dadir i Hpibsiies e i

radi aldgt fpar fhyost epprfleshaYl debi183R Ofcarapidary1hal bosivartly e

said conta I's establ1shed, 20 pol ymeric coating 627 tears along

| ongi tidjdifdmetlt twRR MUl 16w | SWedit 4 sexuadsezé atauLing |saia Beepwsalto A
is then ‘expelled frominternal collet catcher 614 and forced further down

t 0ol Hda1 terwpagRai s e ho ldent icenteny apaTeHenedfh arel |ateatyire bl |
catcher 315. This action seals said flow passage above catcher 315 .25 '
and alfllows passajerbetwéeni topdwetrtimgritbperpassagandae 208 (HHeARENINDW
port 230. of course one skilledin the art wll recognize that it is
ossi ighanhker 228- AFusthercipereagingoRFPRFUFRalNCERe é’lo’%ét%mn‘-ﬁ LEA%BHRDr e,

said collet,catcher engages radially i nwardl y_stepped - .. - s
internal collet ca Cher 614 td be' expeXIed P03m external mounting @

collar 605. As is shown in Figure 3, once collet CatChé_f 614
clears the external mounting collar, fhéﬁddtwardly.biaéea ring
collar 616 is enabled to diametrically expand into contact with the
15 inner wall of inner tool mandrel 215. The increased .pres's"ure
forces the expelled collet ca;(:chei" 614 and drop ball A down said
inner mandrel until outwardly 'slc'>ped éhouldérs 620 of dépén&ing
collet fingers 618 contact radially inwardly étepped shéulde.r 630
of secondary ball seat 63. Once said _ééﬁfact is eétabiis_ﬁéd,
20 polymeric coating 627 tears along' longi{:ﬁdiriai 's.l'it 622 and.c.-'_ri.n:g U
614 expands diametrically.. Drdp 'ball A :.s :th'-en 'expelled from
internal collet catcher 614 and fort:ed" .furthel.: down t:oo_ll étring
flow passage 232 into sealing éng"ag’emént 'wi.'th' 'éollet typé -bail-l
catcher 315. This action seals said flow "p"a_ss"aqé above catcher 315
25 and allows transfer of fluid power to pfeopening ‘chamber 228

through flow port 230.



-shoul der 630 without disrupting the remai nder of the process 5 descri bed
bel'ow. Referring nowto Figures 4 A and 4B, once drop ball A is |anded on
uprai sed resilient collet fingers 317 of /dollet catcher 315 and cones into.
-seal i ng engagenent with sealing shoulder 319, fluid pressure is directed
through flow port 230 into preopening 10 chanber 228. As pressure is
applied to piefonofi28e,t hpef skizlgdneénathd abeawdllr aesiognilzearttetr dw 340
thus permtting piston 220 to |longitudinally displace packer setting arm
236 agdpgésibhg o kad s iton bguédpe 236d af ram hitt ¢ frea btan 1 et tdakechamm614

_extension guide 238 has wedge 340 at .the | ower 15, end ther eof slidabgé
rest r ai PRECKRt ML h&HdietssgatehpEd eyJages| grdiakby ofinwandly satepRgdar m

236 and_t ube_extension.qui de 344. Tube guide extension 344 is threadedl
Jconnect%W?gd?ﬁbe%i &'é'g%ﬁ%‘%at fﬁ?‘é&gé’a‘g urﬁqlﬁ] Femrd ness r a6 s i%ﬁéﬁetﬂysy
st gpped 44a whi ch engages wedge 340 as said wedge is
Ioﬁgitu%%%gy#ggéigﬁ §géd 20 . responsive to the |ongitudinal displacenent

of packer Setﬁéfgrﬁiggzggw Fﬁpe§%¥%g§53£6ﬂ.Wﬂhfh4és %&§%i§8¥ﬁ$é§%%%|9 is

longitudinally wt spect to I packer nandref_ det
connect ponk&q UBRChpLh $5BA! ral9¢; SnPacai1bhr 83H6d-8N899 br L1384 UaRiined
tube guide 346 being free to. nove with respect "25 to I nner packer

mandr el 3 898andPpehet! AHRY JeNAl rer?ﬁb’bmeﬁ{@@ﬂ&h P3&X29Rg38houd @R i3ioNg
three part el enment 305, 305b, and 305c | ower el enent retainer 350Db,

upper sfipidapréessudb? isogicected %u’@;lﬁ&ﬁtd pdbb 28d lLaver pileopedtdng er
352a are also free to nove with respect to inner packer mandrel 348.

Hoev erchamivena2@8not | 38 eressarsl cienmeppildedd ttwnpistons 220+ eEhenforce

| ongi t udi nal Jotion ' .

g generated shears transit shear screw 240 thus permitting piston 220
to longitudinally displace packer setting arm 236 and setting arm
extension guide 238 attached thereto.

Setting arm extension guide 238 has wedge 340 at the lower

15 end thereof slidably restrained within channel 342 formed by the
lower end of packer setting arm 236 and tube extension guide 344.
Tube guide extension 344 is threadedly connected to tube guide 346
at threaded union T and has radially inwardly stepped shoulder 344a
which engages wedge 340 as said wedge is longitudinally displaced

2~ responsivé to the longitudinal displacement of packer setting arm

236. Tube guide 346, which is free to move longitudinally with
resbect to inner packer mandrel 348 is thfeadedly connected to
upper element shoe 350a at threaded union T.

In_addition to tube guide 346 being_free to move with respect

25 to inner packer mandrel 348, upper element retainer 350a, element

package 305, comprising three part element 305, 305b, and 305c,



5 of packer setting arm 236 is transferred to said wedge by el enent
retainer 350 through elenents 305a, 305b and is translated upwardly thereby
f orci ng opposi ng angul ar canm ng surf aceb356 and 356a of upper wedge 352
and | ower wedge 352a, respectively against mating camming surfaces on
opposi ng slips 310a and 310b resulting in said 10 slips being forced

I nto engagenent with the, inner_ wall I 12. On I d
agai nsto¥grdetenent refahRer mRhn "cﬁp%ralﬁrﬁrﬁ FBrE&P(r‘::?ggéq ggBé’%ﬁf‘%lr%%ﬁ%nd

lied f t t | I
bver “SafeAnd it %a?éﬁ"sf%% 385 AREREDy, TbsTRe BRECH TG o asY
oxertegi Ry PACKELEIPy indl Wdikdt Manth 103485 HBPEYeR) CaBRhwALhMGEIon
OI’C E

350a ese p posi ng conpress el enent package 305 thereby forcing

Sea' i ng icWed aﬁﬂb@r@&g P reepbnie €BURERFERELATHAN h&BE6N *
Ilner 12 Upper el ement” retai ner 350a has internal angul ar camm ng

29 SEr bacRe358Bt¥ANGN aFl ©3 6Wildh tiratferatan did| s Mwadlys sy aékenant
triangularly shaped internal slip 360. The base of said slip has a serrated

sur f acge882neki 350 thiougk delarents (308 c3PSkcmadt ini thanslatgiewpdardiyace
on inner packer mandrel, commonly called a phonograph finish, in response
to |nmhhdrébyc@srg&ner@D@@s@pgﬂaaquiar qamnﬂnq;SHEﬁEﬁ#ﬁwﬁSQﬁa@®e3§éﬁn9ﬁg
surfaces of upper element retainer 350a and internal: 360, Said biting
engagenpperowedgeepéﬂeﬁpﬂ¢%ﬂﬂ%ﬁgﬂ@dﬁﬁ(%ﬁ%ﬂﬁnﬁ%ﬁ&?ﬁﬁ%ﬁﬁ%ﬁl?%ﬂlﬁﬁge??Fﬁﬂgor

deconpression of el'ement package 305 d_of 0 d_31Qb
fronleﬁgagéﬁﬁnﬁuﬁfﬁﬁeﬁlﬁ§r°EE°S Bﬁe?lﬁgggégggzggas ﬂpeﬁﬁgﬂﬂgiﬁgnﬁgc?aag

gg\l/\gp gééggfbglgg forgggefx:[ﬂ% e?’r?gélagvgl{lgr?t stlth tthur r}.ntnrer é%eﬂ_l %fcﬁﬂé%t fg to;d
Once sald slips are set agalnst sa1d 11ner, further motion of said
slip carriers is prohibited and app11ed force is then transmltted
tc lower element retainer 350b thrcugh icwer element retaiher
extension 358 thereby opposing the.dOWnﬁard'force ekerted.by'packer

15 setting arm 236 against upper elemeat retaiher 350a. These
opposing forces compress element package 305 'thereby forcing
sealing elements 305a, 305b and 30Sc into.sealihg engageﬁent ﬁith
inner wall of liner 12. | ‘ B

Upper element retainer 350a has'internalfangular camming

O

20 surface 350b which mates with a correepcnding camming surface on
triangularly shaped internal slip 360. The'base.of said'slip has
a serrated surface 362 which is forced 1nto b1t1ng engagement with
a roughened surface on inner packer mandrel, commonly called a
phonograph finish, in response to inward forces generated by the
25 camming engagement of the camming eurfaces of upper element

retainer 350a and internal slip 360. Said biting engagement of



-body 366. Referring now to Figures 2C through 2H, |ower packer body is

t hreadedly connected at union T to | ower box connector 368 into which is
threadedly inserted bl ank pipe B. 10 4} Tubul ar sl eeve val ve 450 of a
“type well known in the art, having upper Box connector 451 threadedly
connected to blank pipe B at threaded union T conprises an external tubular
nmenber 4SZ2wmvi nglackongi t bdpokl prewendise 43® t hedesivadh andetbingct iomg
sai d per box connector 451 and | ower box connector 464. 15

| nt er @&%ﬁ@%ﬁ%m ebnnderens, 2agkagsl iX0F ing |y pRPeSing sidnmedoa
flow bore 453 with the exterior of said valve. Tubular sleeve 456 is
dispose@Rﬂt?ﬁqpsﬁﬁ??f??ﬁ??ﬁﬁ%nﬁ5§155dlhﬂﬁﬁt%ﬁ for reciprocal notion froma

registrati on HUHR HCSECIPER oF Shig %@aﬁ'iy' e °rié€n%ﬁ‘l%$o’é“eao pin

SRS A P R I e e

restrictgpghpefggen upper restraining shoulder 462a and Iomer restraining
shoul der 462b. A plurality of seal neans 458a, 458b, 458c and 458d, such as

25 0-TiNQS padfert B SRSty A Wi Julte s P dh¥oudfh 2@,d 10way ﬁackb_@e)b%d
I nternmedi ate said ports and the ends of said sleeve ‘to pr event | ea age

around wRirbaieREMe. coRRbéeted488 umilow MBdtdellvRer baixs conrditdiles 68 48ago
and 460b which are formed on the interior wall of said tubular sleeve. In

one ar rmigdnere theeadedby einsegtéed lolank apkpeipe B are threadedly joined
to each other in series by threaded unions T, the uppernost of said pipes
bdiOng t hr eade@upbular sleeve valve 450 of a type well known in the art,
&4? havin@ upper box connector 451 threadedly connected to blank pipe
.'B at threaded union T comprises an external tubular member 452
having a longitudinal flow bore 453 thefethfough and connecting
said upper box connector 451 and lower box connector 464.
15 Intefmediate said box connectors, a plurality of flow ports 454
connect flow bore 453 with.the exterior of said valve.. Tubular
sleeve 456 is disposed within said flow bore 453 and adapted for
reciprocal motion from a first open position wherein said
longitudinal flow bore is in flow registration with the exterior of
~9 said wvalve to a second closed position wherein said flow
régistration is prevented by the positioning of said sleeve across
said flow ports, said reciprocal motion being restricted between
upper restraining shoulder 462a and lower festraining shoulder
462b. A plurality of seal means 458a, 458b, 458c and 4584, such as

25 o-rings are'disposed about the exterior of said tubular sleeve

intermediate said ports and the ends of said sleeve to prevent



connected to | ower box connector 464 and the |owernpst of said pipes being -
t hreadedly connected to one or nore wel! screens S also connected in series
to each other. O course, one skilled in the art will recogniZzZe that a
sufficient nunber of |engths of blank Fipe nmust be provided to position
said wel | screen appropriately within tge producing stratum P and a
sufficient nunber of lengths of well screen S nust be provided to traverse
sai d pricshiEgr) atoundinsalé. sleeve. Detent 460 is foxkgd dve@weﬁnFrgus B,
slotted liner L could either be substituted for the lengths of blank_ pipe
and welshoikdexs (£602 | 3Rd 468bcwBichoarei Spemedo e tihe clanfrfsrrh%uﬁalaepf
screen and r concu ently therewith. Concentrically disposed within said
bl ank i ad %treens pr mnthln said slotted liner, is wash pipe

401 mhrch de nds fr;‘-_ _3 ' er 30 - an | Ses h ade
I nt erconnect € IéH%t o1 oI ) 8k The* ex‘t-"%rgrcjzira}l %

over PIFHE BbECls PREG! B ﬁtta at'“%%éﬁg %?‘L"S%‘.‘%*coqr"fe%eé?%ﬁ%?fs

i s rai sgoh-ddged bhRieas! €, %%ﬁéfﬁéé‘@ ékeéhahe BEh OBireadeadlyl et
nmenbers 481, 481la and thi‘ckened center portion 483 located-internedi ate

sai d cokbmhestatdedbl Sowat b6l kohnbetsg adaptasd t ehei dowataiostoper dada
| ower raised shoul ders 460a and 460b of sleeve val ve-450 t hereby enabling
said t mwmlewuﬂfrexuédnn donrmigage tb onedet andre Gie XN sdrsares \sala\leo
450. Upward notion of work string 18 after said centér portion.is so-
engagedcehmétctedain sebiesr tel eech 6thm:'sa| dffcoersraosoneoskndlsei d.nse:Mnd
position. Of course, one

art will recognlze that a sufflclent number of lengths of blank

pipe mast be prov1ded to posxtlon sald well screen approprlately
w:LthJ.n the produc:r.ng stratum P and a suff:.c:.ent number of lengths.
of well screen S must be provided to traverse sa:.d produc1ng

stratum.

cuno*bqyp curranqsexwexdt _
In an-altjsaateve_ambodtnene—deplcted in Flgure 1B, slotted

liner L could elther be substltuted for the lengths of blank plpe
and well screen descr:.bed above or pos:r.t:r.oned concentr:.cally around
well screen and run concurrently therew1th. _

| Concentrlcally dlsposed.w1th1n sald blank plpe and sald.well
screens or w1th1n sa1d slotted llner, is wash pipe 401 whlch V
depends from hydraullc packer _30 and comprlses threadedly
J.nterconnected lengths of pipe. _ | |

leedly attached to the exterlor of sa1d wash plpe is collet

shifter 475 compr:Ls:Lng upper collet st-andoff 477 and_ lower collet
standoff 477a. httached at each end to said collet standoffs is

raised flexible collet_479 comprising flexible upper and 1lower



skilled in the art will recognize that it is possible to substitute such a
t ubul’ar sl eeve which will shift upon downwarg notion of said 10 wor k
string. Threadedly attached to said wash pi bel ow said collet shifter at
threaded union T is inner tube 552 of telescoping joint 55. Concentrically
di sposed and slidably nounted about inner tube 552 i's outer tube 554. Uﬁ?%&
e

slide stopo33eti pempexsdddly 48lacked bhickened glentan qontirn ARP | RE3

slide stop 558 whi.ch is in slidable and seal i ng enga nt w.th sajd  oujer
t ube iskaP§&H@ﬁﬁ}@%ﬁe§§ﬂﬁi?Qii?ﬁa?ﬁﬁﬁﬂﬁ?ﬁﬁengab@ §giganﬁﬁlqﬂH§§a rto

I, 562 i h dedly d with i | i 64 d
S e PR bl B ke FPLER SR el BOEER kb 598 shenre
el et DRUELRY. S8y ThC RES AL BB bk 3RO 0E5L0 engace

rouggened 3o @enhaRed r&pml%é\m_ sfa Qe 60 Xt BplREaVRbk i8h b WorNesti9Trd Ofs

of inner tube 552 when sali I nner tube and said outer tube are noved into

extended pekali gASAi Bewtkl gaghishhes 36 &gedosh PPts sdbd avabuldr rledve
i nner tube 552 is maintained in a fully enclosed and retracted rel ationship
Wi th respeebnt eaddt Firisthedsi4ion to Haishemicdie mavitidt0 Wi addousse, one

threadedly inserted into bore 560a I n shear screw carrier 562 and
pr ot r udesskifld esic iawtbe parts syl MEdognidentdatt dltei8Spossibie tobsulsitute
term nates in thickened shoul der 568 which has 5 i nternal enl arged

di amet er svcheaetybutangeteey®orhich widl shifiteuponofawnyerdnmetignn@f Frid
seal i ng engagenent, therewith, said swaged end being restrained within said
| owdP shoWPHEr SE¥Fi®Fear abl e nmeans '

L ' #Threadedly attached to said wash pipe below said collet
shifter at threaded union T is inner tube 552 of telescoping joint
55. Concentrically disposed and slidably mounted about inner tube
552 is outer tube 554. Upper slide stbp 556 is threadedly attached
15 to said outer tube and loﬁer slide stop 558 which is in slidable
and sealing engagement with said outer tube is threadedly attached
to the opposing end of said inner tube. Shear screw carrier 562 is
threadedly engaged with internal slip 564 and cooperates therewith
to retain triangularly shaped internal slip 564 within internal
20 'slip housing 566. The base of internal s}ip 564 has a serrated
finish which entérs into biting engagement with a corresponding
roughened, or phonograph, finish on the exterior wall of the lower
portion of inner tube 552 when said inner tube and said outer tube
are moved into extended relationship with. each other as described
‘25 below. On run in, inner tube 552 is maintained in a fully enclosed

and retracted relationship with respect to outer tube 554 by



704 threadedly inserted into shear bore 570 in | ower shoul der 568, said
shearabl e neans protruding into retaining hole 706 in'said 10 swaged
end. Lower end of shear joint 70 terymnates in box connector 708 into
which is threadedly inserted at threadé joint T to upper pin connector
806a of cup packer 80. Cup packer 80 conprises a tubular nmandrel 802
havi ng | ongi tudi nal flow bore 804 therethrou and termnatin |n upper 15
and | %%ec%%@et%@%m ol %s teq ARERATR 43 d Tbi n
connecgtors are a plural S 808 ch connect sai

| ongi T hAFF0 AFER ?H& %‘72? it‘S?s ’r“‘é%.%"’é%‘ﬁ %%’R%?Sl?%t B[Rt e
sai d ‘and sai'd pin connectors 806a, 806b opposi ng bow shaped
sealf%@g%%gﬁéﬁg %§§ 810b are fixedly and 20. .. supportedly attached to the

exterior ofoggbf twh!lsas E@%&%‘ate%e%'Hﬂléﬁéﬂédgﬂéuléégbs@@'vﬁﬁ&i‘ﬁ%ted »
on said mandrel in sliding and sealing engagenent. with the interior wall of

9r 0dUiit Fnd L inta dded)a lanfdtrite d oS eabbigeNBREgeaURppEt 83d2708 1% shear
respectively. Said sealing neans conprise resilient. elastoneric material,

such Fsidd 70 nmtsliéingband. seEDiﬂgdewgagemehnnghieurémi&lh f lsadd awagtd!

adj acent | ower .pin connector 806b is |ower ball. catcher sub-90, described
beIowenGWheinqsreﬁtxzineﬁtwithinﬂsaidﬂlgwdrﬂﬂhouldenuhyisnyammgdgemmmms
therewith and for_retaining said drop ball agai hst expul sion due to the
appl i Q4 i hreadedtx Jgﬂ%%%‘iﬁ@ inte ghearhorRE7Q rimdavey shodldear 5E§3cl ower
ball catcher sub 90 5 rises, a | pngi tudi ngl ,bore 901 which has
firstSHR eSESEFPBPreQG‘?ané t’?ﬂﬂ"é‘%et‘f‘g‘anr%§1£‘r’rﬂ‘gath9]c%s'(°6nén said

termediate b tion 904 _Said first b h
14 1 or RS st | B, PR 85, AT REa IR oD SHEERARECERy LAl PPasC)

connector 708 into which is threadedly 1nserted at threaded joint

T to upper pin connector 806a of cup packer 80. _ .
Cup “packer 80. comprises | a tubular mandrel 802 having
longitudinal flow bore 804 therethrough and- terminating :Ln upp.er
is and lower pin connectors 806a, 806b, respectively.: Intermediate
said pin connectors'are'a'plurality of flow ports 868 which connect
said longltudlnal flow bore with the exterior of said cup packer.
Intermediate sa1d flow ports 808 and Sald pln connectors 806a, 806b

opposing bowl shaped sealing means 810a, 810b are fixedly and

C;

20  supportedly attached to the exterior of said. tubular mandrel,
' sealing means 810a, 810b being supported on said.mandrel in sliding

and sealing engagement with the 1nterlor wall of productlon tubing

19 by L-shaped seallng'means support 812a, 812b respectlvely. said
sealing means comprise res1lient elastomeric material, such as

25 nitrile rubber. Formed within longitudinal flow bore 804 adjacent

lower pin connector 806b is lower ball catcher sub 90, described



bore secti on. Sai d | ast bore section has a smaller internal 10

di aneter than either said first bore section or said internedi ate bore
sections and each of said internediate bojg sections is of a smaller
i-nternal dianmeter than said section which precedes it. Each of said bore
sections is connected to the next succeeding bore section by radially

i nwar dl ybellepi.ngwBhebl dk$ GOBPoFesa. tat reeeivas dromndadfl sai diborgealing
sections_has a circunferential ball _retention groove 907 nmilled into its

i nt er na-2REREEMENGy BhgTeni Ry spnge £QF efr@tRyndigs e #8t AR Patlsawringh
of the proper diangter, b al_.so.f.or .tthe appropriate material of.

Const r UCERBHLER AR Olie E0a e APP LigRie0e OF Y FHCSAEA 4R 1924 ball.
extrude upon t l.icat | pr e ther S fo p I
nade of metal SR\%f%E‘Q‘é. ar hﬁ{e}sg’%r _eai%r T htg_ri 881i> ggkwg?ﬁ& Egﬁcc: Egs %@%elsg,o
aresnot  sHiph2Bkes! o 1Ry AR kAl It 1RET | hefoRehey BeGause e idde i1
exprude I nto groove 907 “upon application of pressure ronlapove. Better
suited toobhi & NHAAOoFE 3c8E06nDBbE ARa atTBread € OBhERE e dittd Ddre
duroneter hardness ranging from about 50 Shore D to 75 Shore D. Such

mat eri al sethibrdeo@d ast ogrid, RiKst bofe sét€idAndtas a pPhaygekylAitternal

oxi de  pol yners, silicon fluorosilicone, polysulfide,
hypal on, digimetet thacedoth sainl yibdenmmedidte deoffef feptirademndk said last
glass-filled teflon, nylon and glass-filled nylon. Al so, rubbers, such

as nat ur RPreusretioropr frid r dBSEr borrit s¢ickion rhdder spajlenc-inkernahe
rubber, i sobutene-isoprene rubber, chloroprene rubber, nitrile butadiene
rubBer afldametgsr Shanbgdithery spddufilksicporen sgetdon o said tarmaiate

Especi al sui ted . for this applicatiqQn i,s a drep ball manufactured from
glg&é-fiL¥€3 ﬁ%pgﬁpns-and ealh of’sald int@rmediate bore sections gs of a

smaller internal diameter than said section which precedes it.
Each of said bore sections is connected to the next succeeding bore
section by radially inwardly sloping shoulder 905, 905a. At least

15 one of said bore sections has a circumferential ball retention
groove 907 milled into its internal wall.

- Drop ball A must be carefully chosen not ohly for selection
of the proper diameter, but also for the appropriate material of
construction since the ball must comprise a material which will

20 extrude upon the application of pressure thereto. Therefore, drop
‘balls made of metals with a hardness greater than 80 Rockwell B,
such as steel, are not suitable for the application described below
‘because they will not extrude into groove 907 upon application of
pressure from above. Better suited to this purpose is a drop ball
25 made from materials having a durometer hardness ranging from about

50 Shore D to 75 Shore D. Such materials include elastomers, such



simlarly, the dinmensions of groove 907 are critical because it is a
desirable that drop ball A extrude into said groove as a result of the
- application of pressure fromabove in a nmanner that the groove is

completely filled by the extruded bal|_material. If the groove is too
narrow; too wide or too shallow, it iI§ possi bl e that an insufficient anmount
of ball material will be contained in said groove such that the application

of bagl presgdtRahe8n bel gyl ydcPpbhe W | lbxgause t?@lﬁéfﬁded' neiEi¢he .0
shear fromsaid ball thereby resulting in said ball being expelled f'r.gfﬁ
sai d s idriddmd, tpod yeolrfided], iczlylatkel, bypaloan Nydoff 6cleaded
quantity to function to prevent=he- di-bredbegastt) sai d drop ball upon the
appli&dmhxmmﬁyh@@mumrsyéﬁﬁdebh_Qﬁlﬂ:éé@t@ﬁsz' ted oke§pernauRpkon odndnce
it is desirable thatrw&r'oove 907 be corpletely filled with extruded ball -~
mat er ighasso fPrlhade nYEOMum r B35Qr arfEebRer s he SASH | 28t | BATBFadackuBPeSsur e,

] R Sl S
ar ?g\r/:ala?‘f)%‘ii%ersgﬁ?‘?ﬁeﬁl ?@JQFBF Iefg‘ﬁ%?;ﬁg;&f rﬂ)g’e?gl |':r i o’hfihg“"e(;%%’rgﬁ%led
i dt ?iﬁ‘ﬂ%b%ﬁept%'_‘ o ot a‘%%%"feéfme hiTd t.gig'sol?taog\éj hg(life:of Ph_e-- %S?fi
sai d ba ?%ﬁ%’ii %ngéé | alniefe%%ﬁ%ﬁ&txﬁggggﬁﬁg? Q&?j;pngg er%pg?%ri) ag'ia'_ g?l y

i nwar d,hynﬁfm@geéh@g&ﬂi%lggéafimgahnj,paﬁs. a seat for ;ai d ball, shown in

Figure 9, is. extruded t her ei'nt o.

Similarly, the dimensions of groove 907 are critical because i;

it isidesirable that drop ball A extfude'into said groove as a
result of the applicaﬁi@n of preséure from above in a manner that
| the.groove is compiet_:ely' filled by the extruded ball materi_a_l. lIf
the groove.'is too narrow, too wide or too sha'l-lo_w,. it is possible
that an insufficient amount of ball material will be contained in
said groove such that the application of back pressﬁre from below
the _bail will cause the extruded material to. shear from said ball
thereby re_suiting_ in said ball being expelled from said catcher or
that the extruded material will be of an it_lsuﬁf i_cien_t quantity ‘Eo -
function to prevent i:he discharge of said drop ball upon the -
application of back.preésﬁfe the;eto. ~Also, since for optimum
performance it is desirable thét groove 907 be completely filled
with extruded' ball maferial to provide maximum resistance to the
application of back'pressure, if the grooye is too deep, it is
possible that said groove either will not completely £ill with

extruded material upon the application of pressure to said drop



Threadedly attached to | ower pin connector 806b at threaded union T is
l'atch collet 925 in which longitudinal flgy bore 928, which extends the

| ength of said latch collet, is in flowregistration with |ongitudinal flow
bore 804 of cup packer 80. 15 Formed on the exterior wall 931 of said

| atch collet is resilient collet finger 930 having a |lower radially

out war dl iz 1 apede IO W idw Wee MY AN diffiR]s Il iH th Wanar Gink oS e@Pedoove

shoul der., 934. Exterior wall 931 conprises sufficiently flexible matéerial to
al l ow séhlebd fésgeting ihepossibldl ghéarpPagsosvenehnhd1dgwon ahe SXeralied

| atch down collar 950 as described below. Lower end 936 of latch collet
925 is timbexbally attached to upper collar 502 of float shoe 50. Referring
now to Figure 2H, float shoe 50 is threadedly attached to production tubing
19 at threadedPreeerdinylyY ongtt dgi desikiablehdhatscerisktgrerve hee| efigshchf a
Said float shoe and terninates 25 in lower flow port 505 as

af o? esai'¥idth and Aepth tYhat feaw akalk eng Ad1ind &e Bhut enendsl £, g5, he
512. Check, valve 512 has, . .upper copical valve seat, 514 forned as,

B al 1 ySBhL nASF G M Bho e S ERE AP B B4 BRI f TG C
section ¢ risin cylindri.cal e_516, sai d val ve _housing sectign

havi ng as'%?n%la'?? ?%e‘gf uﬁgai zﬁallﬁfe?(%g%dfiﬁ'é fhfab‘%rbqas%a S8P508 WA %‘ha% eg?n' ﬁgfee
in later t t [ r ve an
obet SrkaPrex 1AILEO or SRS Sfing iRk sYBe ity
therefrofrmai & VabYE SESM RO BLh§abl yhsPwntied Wﬂ;ﬂ&:& vgl ve St eegiiigea
524. Said conical valve is biased to the closed poSition by spring 526
whigh | stwereithes ound said val ve stem and 10 confined between | ower fl at

face 528 of canical valve portion 520 and val ve stem gui de 524. Wen
comi«al val ve Bfeadedly cattagikad bfo lower pin connector 806b at threaded

union T is latch collet 925 in which longitudinal flow bore 928,

which extends the 1length of said latch collet, is in flow
registration with longitudinal flow bore 804 of cup packer 80.

15 Formed on the exteriof wall 931 of said latch collet is resilient

collet finger 930 having a lower radially outwardly sloped shoulder

932 and an upper radially outwardly stepped shoulder 934. Exterior

wall 931 comprises sufficiently flexible matefial to allow collet

finger to flex inwardly to pass over hold down ramp 955 of latch

2 down collar 950 as described below. Lower end 936 of latch collet
925 is threadedly attached to upper collar 502 of float shoe 50.

Referring now to Figure 2H, float shoe 50 is threadedly

attached to production tubing 19 at threaded union T. Longitudinal

flow bore 504 extends the length of said float shoe and terminates

25 in lower flow port 505 as aforesaid. Formed within said

. longitudinal flow bore is check valve 512. Check valve 512 has



- pressure from above, spring 526 is conpressed between said |ower flat face

and sai d val ve gui de, said conpressed s¥%ing preventing said flat face from
cylindrical bore 516 thereby

mai ntai ni ng open fluid fl ow passages through both | ower flow port 505 and

bottom ng out on | ower shoul der 530 of

|l ateral flow ports 510. METHOD OF OPERATI ON Once an earth well has been
drill ‘%&,o;ﬁ%ﬁ cQﬁﬁébéglr hiRas sBa@Ns28 formEFTY &f YaldiQ IR ARtWaealy E'l%%ﬁnl;Z

run th

the WaldolRidr #h IS Bdr@n dodiaid 8t algel Bous iags eeitddn Wonph ikdhed a

{1 oat shoe 50 fixedly attached at its termnal end wth a |latch down collar

950 t hyeliiedlt ical e dudhesatid, valvel hods ihg ateoni che\Haei rey @h pAnirand t35

or nore lengths of well screen S or slotted liner L, sleeve valve 450 and

an apprpradital iy ebedrersiine fijtdws peissagesk SgigpahBclr germimateadedlpteral
connected and hung of f hydraulic packer 20. Additional |engths of blank

B pe fOFW tiRX 9 PR t exkerdbngigtheretromen The dchegkavpilyep Bage A WpPPese
earth's surface where it is connected to a tubing hanger and uItlnater to
a Chricamkaal vadvg portion 3 with CY%J-%%‘F%% cfplve Iif-'ref“hgs% Rependingy

t t di duct t k
St ng SRR GRngseiiona e BteR Maiha, SLIdBLE MR ¢ Pltncdle

Coto e | GuidB POZETT oratd FohadHEy iRye, RbC Hiasd % Loger °%te%‘d
packer, §ié§5§”?ﬁogﬂglzah5§@'%ﬂlbﬁ g 'M%Hﬂ&’é%’&W@aéé?aevHE@assE%m and

tel esct oplt ng j oi e upper of saird tel escoping jolnt

1td1rea4?dﬂﬁlwr€&€@§eﬁ01&9& eg1581 fasé 478 ¥ki eBniisalNvhike b&&%&dﬁﬂ's}éo

~connected tq one end of wash pipe 4
and valve stem guide 524. When conlcal valve 520 is forced open by

pressure from above, spring 526 is compressed between said lower
flat face and said valve guide, said COmpressed'spring preventing
said flat face from bottoming out on lower shoulder 530 ”6£
15 cylindrical bore 516 thereby maintaining open fluid flow passages

through both lower flow port 505 and lateral flow ports 510.

. METHOD OF OPERATION

Oonce an earth well has been drilled and casing 11 has been

20 cemented into place, inner liner 12 is run through the bore of said
casing and into the open or uncased portion of the well bore. A
production tubing string 19 is assembled; which has a float shoe S0
fixedly attached at its terminal end with a latch down collar 950
threadedly attached thereté, a well filtration device such as one

25 or more lengths of well screen S or slotted liner L, sleeve valve

450 and an appropriate number of lengths of blank pipe B are

e of said casing and into the open or uncaseéd port{gn of

L id



" Threadedly connected to the other end of said wash pipe is collet 15
catcher 315 which is disposed within the bore of hydraulic packer 20.
Shearably attached to the upper end of sddd hydraulic packer is hydraulic

“setting tool 20 into which is threaded an upper work string conprising
bl ank pi pe which extends to the surface. Both said production string with
said work string concentrically 20 di sposed therein are run in the hole
si mul { §hoeadieflyAconaiesbedo anet hengsef Fnigy@eguhic tpacinenw?@ er Additicnal to
run i¥.as a result of debris, such as drill cuttings, left in the open

.porti oReBgthse GfoiRlania pipe forp sthe nﬁéﬂdﬂﬁﬁhO@aFHb\%ﬂBk 1% kefyesnesaid
D ove haraults: g4 Ssu%éﬁ{e S r%?{l' C S B ROt 8 PRSP ung
\Htﬁteetrjgé ftéx?;}ﬁ’g@ﬁﬁ%%.g%@anﬁs erefI l'J‘°1|11 OWI G SB ?d'tsg-’d thr%u hﬁs“?rd flowdgéﬁ}ce
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productlon string is in the Hesired dOS|t|on

Into thesPeEaaol ¢ iiprkssldl nsraaqcleqaned dttiqgeal éQﬂde”%%”E’EtﬂrH‘ _
C-Ring 616 of expendabl e plug assenbly 60 of the i'nvention Increasing uid

pressutempRigiag ,batton £84SADWRE Celd) €ab34htich RESSEeBU8RBS! Hitdyedhipar
screw 626 which will shear upon the application of suffici ent pressure

t her ebgonperited ftowquy t pddkenf $ydbawing skbireng Bkl 2Atchett i subd 90
application of pressure upon-the work string forces internal collet catcher
614 f ramcwrphrntledngnt:admalfm dBE asf aferesadd . mitnteadepdly |conrtdahd
allows said internal collet catcher, together with drop ball Ato fal

%h. ntpodtaid r WP fPavkelsSayeshearyiaintai7@lcahieh ligndeonnected by

shearable means to telescoping joint 550. The upper end of said
telescoping joint is threadedly connected to collet shifter 475
which is ip turn threadedly connected to one end of wash pipe 401.
Threadedly connected to the other end of said wash pipe is collet
15 catcher 315 which is disposed within the bore of hydraulic packer
20. Shearably attached to the upper end of said hydraulic packer
is hydraulic setting tool 20 into which is threaded an upper work
string comprising blank pipe which extends to the surface. Both
said production string with said work string concentrically
éwJ disposed therein are run in the hole simultane§usly.

As said production string begins to encounter resistance to
run in as a result of debris, such as dri;l cuttings, left in the
open portion of the hole, wash fluid is pumped down_said work

- string under pressure. Said pressure forces open conical check
25 valve 520 and allows said fluid to escape under pressure through

lower flow port 505 and lateral flow ports 510. As the fluid is



shoul der 630. Continued application of fluid pressure to said ball and said
collet catcher forces drop ball A intd the bore of said collet catcher
causing the resilient elastomeric coating on said collet catcher to tear as
aforesaid, thereby rel easing outwardly jJnjased ring collar 616 to spring
outwardly and rel ease drop ball Ato f into sealing engagenent upon the
upwardly extending resilient collet fingers 317 of collet catcher 315 as

shown i fle 88T enABugh BEEA SELEWw IFEPLHA! thé Saébr 6L s NGaSAEATEVRY! thetBrgd d
collet tingers, further increasing fluid pressure within said work string
wi |l sealkbdwing35aid 3ddimhole s€ilitrgtdbansidvipaekage 139 5mofrelly dirntib | €he
packer 30 within casing 12 as aforesaid. Al t hough expendabl e plug
assenbl gegdredsppsthipnetnnthe well hewes for isolating radial fluid power
passages, one skilled in the art will readily recognize that said assenbly,

in cooper at i oPNGRt$2HA PEIARGF1IOR Frping s o theoRgsdred pPeRdtios.t AERPof
amin flow5 . RQore from.an upper pqrtion of a main flow bore as . is wel
known iha%ﬁ;AaFF.lﬂﬁfﬁﬂﬁﬁeﬁh s W Q¥ et i e nYrkeltringedrf pu
use of said expendabl e plu S I Qn se. or. the. qther ., Referring. now
(o rrouf AR Rt AR E-BRoRch 183t SxmgradblE s sdseniiy:
I n presgpr,e %}@el 3§ 1,0 . : 14l J ent
col l et ?lﬁer SJ: ?L%éo chﬁgé %%'sc er 3%%&%?@? e{\ngfarr‘rlos\e/éegdﬁmﬁlé %ﬁlgw%%&
sai d fipgepseke agheAdt! RBNLEBY ShBSY! BPell 8RePRhlich LANHNEheARWRHIIE i €
of said work string and into |ongitudinal bore 901 of lower ball catcher
sub 90. appaiidati6hcas asuf BESHHE prddsurdy @:ﬁei@?og- dpenibgl E1o0tposeRINDLLO
oul de

engagenment with radially inwardly sloping sh r 905a, as is depicted in o
Fi gure fiydradlicl setktingctost 20e nedretimiedfappXicadiaidn of pressure upon gj
the wﬁik string forces internal collet catcher 614 from within
1opgitudinal bore 612 of external mountiﬁg col;ér 605 and ailows
said internal collet catcher, together with drop ball A to fall
within tool string flow passage 232 until saigd éétchér'lands on
' shoulder 630. COntinued application of fiuid.preésure'to said ball
and said collet'catcherlfofces drop ball A into the bore of said
collét catcher causing the resilient elastomeric coating on said
collet catcher to tear as aforesaid, thereby releasing oﬁtwéfdly
biased ring collar 616 to spring outwardly and release drop ball A
to fall into sealing’ ‘ehgagem_ent' upon the upwardly extending hd
resilient collet.fingefs 317 of collet catcher 315 as shown in
Figure 4B. Once said drop ball is in sealing engagement with said
collet fingers, further incregsing fluid preésure within said work
' stfing will set siips 310a, 310b and'éeéling element package 305 of

hydraulic packer 30 within casing 12 as aforesaid.



A to extrude into groove 907. Conpletion of this sealing process, which is
signaled to the operator on the surface by an increase in punp outl et
pressure, will prevent the further flom/ogjfluid 2 t hrough fl oat shoe
-50. Once float shoe 50 is seal ed out of the systemby drop ball A as
aforesaid, the fluid which is being punped through the work string is

0 echet oAb 00 nAA ] By BeRk R WRETSEE B R 504

pressure ri se indi ng Shoe as al or esal

the opef Ll s Lps ¥ ' ] ;b CORPERENt
parts ialhggs?brrtl %%ﬁg%gé%’? Pé&gﬁirlrgir,\%i#lﬁdf rg%ﬁn%%ta\lgg%h v(o?’blestg%il%gégng out

throughaper #:31808eading puoBgHikbUtHa¥ £ ilCadHEBBTy OUintEsopehatP¥hNRlien
filtration devices, whether they be screens S, as is depicted in Figure | A

QOr slotaedrbpndall, can ik deRid tted igolktge Tdwewpa-teivibislita atabh Hlow
the two fromthe inside of said device to the outside thereof. Returns are
cabr i edbopet fircmnanl uppest portisai dfdavmabheflowt bareoas disiwelhnknote iwl |
bore, through ports 454 of sleeve valve 450 and thereafter to the surface
in the heulrs-betNedning otycthbs disrhgsudeans vditended i restigict the
As the work string is withdrawn fromthe production tubing upper el enent
suppor t u8e28foFadGy exRendabde Bivg afseRblohdq ang iuse (RK £he. PEher-
restrai ni ng shoul der, 462b inoaheeve val ve 450 _thereb re.triftigg %
further upwar BEFEEFIR% R EOBIRUERF| Ab. 2ndTRPs LBne AYa%FHL L Boerfs 30
to the gperator_o g 5. rface b n._apparent jncre LN i'?
the 11 iRePahe Ronkafsr inerBiie i R aRRurR OLET cadfe raRgnk p IR 20, M
588 1 n¢hel £5GOP 8a &P MsiPhent coll QR it 319 6¥ cbi1e8NEGLEAer ¥s
Nt to shear and move down allowing said fingers to spread thereby
expelling drop ball A further down the bore of said work string and
into longitudinal bore 901 of lower ball catcher sub 90. Said
increased pressure will force said drop ball into sealing
15 | engagement with radially inwardly sloping shoulder 90S5a, as is
depicted in Figure 9, and will also cause the material of drop ball
A to extrude into groove 907. Completion of this sealing procéss,
which is signaled to the operatdr on the surface by an increase in
pump outlet pressure, will prevent the further flow of fluid
2 | through float shoe 50.
Once float shoe 50 is sealed out of the system by drop ball
A as aforesaid, the fluid which is being pumped through the work
string is directed through flow ports 808 in cﬁp packer 80.
Upon seeing the internal pressure rise indicating the sealing

25 of float shoe 50 as aforesaid, the operator will begin to pick up

vwork string 18 with all of its component parts while simultaneously



concentrically nested tubular portions of the telescoping joint will be
pul | ed apart until. upper slide stop 556 conmes into 20 .. contacting
engagenment with | ower slide stop 560 astifescri bed bel ow, Referring now to
Figure 5, lower slide stop 560 is threadedly attached to inner tube 552
and is seal ed agai nst | eakage by o-ring seal 572 which is carried in a
groovepthpikd #1U03 SRivh WhREoYK derihgPanldoGNMBhLEGEH PEEVECSOSAl Gsaliper
slide stop and i nner tube 25 552. Leakage between inner tube 5524gnd
out er puliPedSEIMBLPr addlt ebebyforcedg setl tindowdih CRadwntoeld aifickckat ion
second groove 25 mlled into the opposite surface of said slide stop and
i s muidewices, ivhether ntheih e extregns fagesers - depictoed ein tHipSS4LA A

af oresai d, opposing radially stepped shoul ders 558a in |ower s|ide stop.558 .

and 566kotted|liredrbkeagaisi depketedninr Fiiguyes 1B, oastar icambjiatiiguy«p®ent
wi th each other. thereby preventing the_ conplete extraction qf said inner

tfuhbe'I Ij‘Fléﬁn trenfrodaitthe uivFidapet At deKdResdy thai sntyidee fhareot.-

ter int t with h other, th ) the .
SO SeL St S SO HETEAL MLl SEhephler 2 L0E BRetler MG cp
appar eé‘ézxf;‘h%&raﬁgf%tr{?”w%%l- ggo'eghkh%u peg&%s%ghag'gg%&%%al %50 and,

recogni zl that e tele pi¥ng j Ol as “extende € oOperator W

| ovier (e dRfe:SUd Nt ildaild i AR S0 R ddud Ik S Ay & € d
wor k é%rlﬁ%E{ roué%-ports;gﬁgiln cup packer 80 to cont#ﬁhe ac magalng he
downhoj ¢ did tdgptit cedeygceg, 15 Wien lower radially outwardly sl oped
shoul der 932 of latch collet 925 contacts hold down ranp 955 of |atch down
ool | ﬁr 950, Adithevedtk véttihg $&ondtRdraant Feompaha @rdaudtictyAlleityg,
wel ght L ' - -
‘upper ‘“element support 812a of cup packer 80 will engage the
interior bore of lower restraining shoulder 462b in sleeve valve
450 thereby restricting:any further upward motion of the work
string. This contact will be signaled to the operator on the
15 surface by an apparent increase in weight on the rig weight
indicator. Continued upward pull will shear screw 560 in
telescoping joint 55. Once said screw is sheared the

concentrically nested tubular portions of the telescoping joint

will be pulled apart until upper slide stop 556 comes into

¥

20 contacting engagement with lower slide stop 560 as described below. ;‘f

Referring_nqw.to Figure 5, lower slide stop 560 is threadedly
attached to inner tube 552 and is sealed against leakage by o-ring
seal 572 which is carried in a groove_ﬁilled-into said upper slide
stop and compressed between said upper siide stop and inner tube

25 552. Leakage between inner tube 552 and outer tube 554 is

prevented by o-ring seal 574 which is contained in'a second groove



decrease. The operator will then once again raise the work string while
punping fluid until the upper sealing neans support 8l2a 2 again
contacts | ower restraining shoul der 462b sl eeve val ve 450. Conti nued
reci procal notion of the work string between | atch down collar 950 and

sl eeve val ve 450 as aforesaid is continued while punping fluid until a drop

i n indicated pun ressure at the surface indicates_the downhole filtration
devi ce H‘d&iﬁé’gn%gheﬁh%S °ppqsrlgf§ offUFdiRGss. °F  pth St S&PPof 2Pfe 1S

hi _g pr. , h K, . i i | il | d sh
555" el 5 O M A e o AR T AL
Sholl aqhs drdlesdid O0¥BsEly Bagidiny (UL RnSElalfli <88a0Hn | Poudf!
cal | owi ng1ligleChstst | 85894 nd Os56é64€ inP SOV EEaka! YardaWy CoHEL Alent P CEnto

‘upper radially outwardly stepped shoul der 934 of latch collet 925 clears
holsd dowesHirddtdele 988gafehdhth Wi ealcharoOhér adldriby | pgeveleings £nee

to flex outwardly thereby forcing said shoulders into 1 | ocki ng
engagemenmplictle eatiractiien vfii chid sirmienithilesd frvmwitddansapgascebéeri tabease
of applied set down weight at the surface. After said latch collet is

| ocked Agatilmg Whteph saédwin radliledily tsteppest attuldsrs entmy finteingpyenent
force to shear shearable means 704 in shear joint 70 which frees swaged
upper eWdthogachonther, thexopenateropn7bBeagurfiaceidihbrire ssignyled thabe

wi t hdrawn fromthe hol e | eaving cuE packer 80 with | ower ball catcher sub
90 r et atHEJCRAERFAPANG POAPTLt 4 ARt LBop¥tendads PHan MRATRN B R R e in

\é\n(tlyfnpnne%#% B%rrggort r%ﬁ%ye%%&% ﬁ%l%%%%'a'crggrieﬁfter, surface conpl etion
= ﬁpon recognizing that the telescoping joint has extended, the
operator will then lower the work string while simultaneously
pumping fluid which exits the work stringlthrough ports 808 in cup

packer 80 to continue backwashing the downhole filtration device.

15 When lower radially outwardly sloped shoulder 932 of latch collet
925 contacts hold down ramp 955 of latch down collar 950, this

event will be signaled to the operator by an apparent weight
decrease. The operator will then once again raise the work string

while pumping fluid until the upper sealing means support 812a

2 again contacts lower restraining shoulder 462b of sleeve valve 450.
Continued reciprocal motion of the work string between latch down

collar 950 and sleeve valve 450 as aforesaid is continued while
pumping fluid until a drop in indicated pump pressure at the

surface indicates the downhole filtration device has been washed

25  free of debris.



20 production. . CLAIMS: 1. An expendabl e plug for inhibiting
the unintentional introduction of fluid_ into a flow bore, the plug
conprising an external nounting collar Adei ng a | ongitudinal flow passage

" theret hrough and sealing neans about its exterior, the collar being
arranged to be nmounted within said flow bore so that said flow passage is
in registration with said flow bore, within the collar there being an

i nt er nal C_‘rUBGn_C%%b'l_%‘t&%na!&folﬁﬁ/@ﬂiﬂéhﬂd@%é@éét £hBYwbRX '&_ﬁd&or-@*_
hol e therein, said CGring being restrained within t he bore of said rounting
col | aroh¥e Shgain bl Gwébed urtt I id1dped Shelldeird 9oRUBEI D§teR! talledtdmSaig

bore hole in said Gring. 2. An expendabl e plug according to claim
1, wheiri cohhac€ingnegngagememte ssidth wpgonsirsai boldndowndshauldere a&8 saf d -
mounting col lar. 3. An -expendabl e plug aecording to claim1l or

cl ai m Patohedevn sollarhes? ablAddibienal sethaowpiwvaight s themaprkiad
threaded into bores in _said nmounting collar. ' An expendabl e pl ug

tr i n¥ibFRi AgusRe Geldedndinear 340 dm;ci}%ﬁ%én@rew e ePyr 13 BEII and
o ThOSheal S A7 . i SO 358y L e AP RSt ol S
bei no e bectEBEERLy crPREbed M RIS £ o SR b Eordne
hold down shoulder 958 of latch down collar 950, collet finger 930
is free to flex oufwafdly 'tﬁereby. forcing said Shﬁuléeré into
10 locking engagement with each other which is signified'by a sudden C;
| apparent increase of applied set down w_'eigﬁt at thé_ §ﬁrface. _
After said latch collet is 1ocked. J.n the.' latch .down 'céllér,
the operator applies suffiéient.upwafd'fofce ﬁoHShéar shearable
means 704 in shear joint 70 which frees swaged upper end 70:2 from
15 box connector 708 and allows work string 18 to be withdrawn from
the hole leaving cup pabker 80 with lower ball catchér éub 96
retained within its longitudinal bore, and float shoe 50 down “ hoie
within the bore of production string’ .i9. Théreafter., surﬁaée
completion equipment can be installed and lthel 'wé'_ll placéd in

20 production.



by confinenment within said bore in said nounting collar; -a plurality of
resi-lient collet fingers being formed by slots in said ring, said fingers
being rigidly attached at one end to said ring and depending therefromand
having a resilient coating thereon, each of sa I Lhaving a
radially outwardly sl oping shoul der at ghe unremmmmumrummn f said
finger, and at | east one of said collet fingers hag atdrfl1®hol e

t her ethrough internedi ate said unrestrai ned end thereof and said ring; said
ext erme nogpAImg:col | ar conprising an essentially cylindrical tube having
at least one bore hole internediate its ends, said bore hole being
alignable with said drill hole in said internal Gring; and said collar
further havimg circunfer expeadapleoprdsgi forhénbibéting ¢heface thereof on
gach side Ofxn:?:ﬁh:én*%‘i'b%afio'ﬁtr%%%'&t%nsﬁfdfgﬁ%vﬁﬁtbehng186f ﬁbh—@' tRecach
ot her and being located internedi ate sald bore and an _end of said
nounti ng coPl#B, ceRPRifingapd §*x&67B3lhBPURAENBeFPbhBFaP2¥4dRB| Ay means. 5.
An expendabthenallutqda&@qr ctu:a»@r bas@hgbmﬁer%afelughsaﬁd skaaiakl agaaans
conprises a st, .one hol l.ow s r pi hol | ow_shear r ew.

xpondani e BPREaCES, SAIGTA0 T Lo £03128) BETPE SRRAPERA” LA, hosHRUPEBL.
means are poSthnnnsdiﬂnfaamdbatelsasthameshmdefhohepaﬁsagbdisxﬁarnaI

mount i ng Cokkgﬁsi a%%og.owlq 9 1449 ffﬁ%‘ i@%g,b%‘éh?ﬂ' tie! %?égg 'tﬁ@?% one
said drill inter nal I'ng. 7. An expendabl e pl ug
accor di ng t bedpsi pn3 igtegingilmC- r1ng comprising an outwardly biased

split ring having a bore hole therein, said C-ring being

. restrained within the bore of said mounting collar by
Nt shearable means protruding from said mounting collar into
said bore hole in said C-ring.

2. An expendable plug according to claim 1, wherein
the C~ring is compressed within said longitudinal bore of
said mounting collar.

3. An expendable plug according to claim 1 or claim
2, wherein said shearable means are shear pins or are shear
screws threaded into bores in said mounting collar.

4, _ An expendable plug for inhibiting the
unintentional introduction of fluid into a flow bore and
comprising an intermal C-ring compressed within the bore of
an external mounting collar and restrained therein by
shearable means; said C-ring comprising an outwardly biased
ring having a slot therethrough, said ring being compressed
to approximate a circular shape'and retained in said shape
+ by confinement within said bore in said mounting collar; a
' ‘ plurality of resilient collet fingers being formed by slots
in said ring, said fingers being rigidly attached at one end
to said ring and depending therefrom and having a resilient
coating thereon, each of said collet fingers having a
radially outwardly sloping shoulder at the unrestrained end



5. wherein the or each said shear screwis thrquggaLngJgJyygiimue of
said collar and extend therefrominto a hole in<Sard CGring. 8

expendabl e plug according to any one of clains 4 “ mn‘mml ﬂ‘E
external nounting collar is arranged to be fixedl ““ \H aid flow
bore of a tool so that said bore hole is in registraticontwith & f1ow
passage in said tool. 9. An exp%%dable pl ug according to any one of

t he preceding clalnB wherein the internal Cring has a polyner
coati ng. 10

pol ymer is nlf?f?efln P?Qﬁipgg Peyg agggrgk ng #8 S?figk9f1 %ald

ru n exp enda accor |ng o any
one of theapdettllihglel thezethreouvgh tatdrquéaha|8€id|ngregtaanangegnﬁo

receive a E‘ﬁ??e@f" Lnankalaeakhgg eggwe@feérwfrﬁ%abmg%ol1ar An
expendabl e plug_according to claim9, wherein the internal GCring

di sposed t%pveee#yessapdeassbtbal1? ﬁy¥§¥€5b§%}et%h§a5éﬁéﬁ5 Pﬁe#éﬁﬁﬁh 13,
An expendabhe pbre R6LEr §hbgrhedchobm is, eMQ[ebﬂiHhBoEethQel &eem@andabl e

expendabl o DLEREBLEOPAEhg2r T anE CEh ARG €T AR ST EAcan RE 8RS R dRBi i e
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each of said grooves being parallel to each other and being
located intermediate said botre hole and an end of said
mounting collaf.'each of said'grOOVes holding'péripheral
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5. An expendable plug according to claim 4, wherein
said shearable means comprises at least one hollow shear pin

or hollow shear screw,.

6. An expendable plug according to claim 4 or claim
5, wherein said shearable means are positioned in said at
'least one bore hole of said external mounting collar so as
to protrude from said bore boles into at least one said
drill hole of said internal C-ring.

7. An' expendable plug accbrdihg to'claim_3 or claim .
5, wherein the or each said shear screw is threaded into a o
bore hole of said collar and extend therefrom into a hole in

said C~ring.

8. An exﬁendable plug according to any one of claims
4 to 6, wherein said external mounting collar is.arranged to
be fixedly aligned within said flow bore of a'tool'sp that
said bore holg'is in registration with a flow passage in

said tool.

9. An expendable plug accordiné'to any one of the

preceding claims, wherein the internal'c—ring has a polymer



15. An expendabl e plug according to any -one of the preceding clains,
wherein the external sealing nmeans conhprises elastoneric rings. 16.

An expendabl e plug constructed and arranged for use and operation
substantially as described herein with reference to Figures 6 ta 8 of the

acconpanyi ng draw ngs. I“
R

1 .
coating.

10. An expendable plug according to claim 9, wherein
said polymer is nitrile rubber.

11. An expendable plug according to any one of the
preceding.claims wherein said internal C-ring is arranged to

receive a drop ball into sealing engagement therewith.

12. An expendable plug according to claim 9, wherein
the internal C-ring is disposed to receive said drop ball in
releasable engagement therewith.

13. An expendable plug according to claim 12, wherein
the C-ring is expandable to release said drop ball from
sealing engagement therewith.

14, An expendable plug according to any one of the
preceding claims wherein the internal diameter of said C-
ring is expandable upon expulsion of said C-ring from said
external mounting collar.

15. An expendable plug according to any one of the
preceding claims, wherein the external sealing means

{ . comprises elastomeric rings.

16. An expendable plug constructed and arranged for
use and operation substantially as described herein with

reference to Figures 6 to 8 of the accompanying drawings.



