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MULTI PLE STAGE CEMENTER AND CASI NG | NFLATI ON PACKER The present invention ;

rel ates generally to downhole tools for conducting cenenting operations,

~apd -nore particularly, but not by way of limtation, to.such apparatus
constructed for use in nultiple stage cenenting of the annul uS b¥tweednga

- well casing'5 . and a well borehole., In preparing oil vel P Dore®HoY es

for oil and/or gas proguction, a nost inpgrfant step involves the process

- of, cementing. Basically, oil, well cenenting i$ the process of mixing a

; céﬁﬁnt.and water slurry and punping it down steel casing to critical points

"~ | oCated 10 in the annul uMEUTRPLE STAGEaSENMBNTER ANB open hol e bel ow,

or in fractured formations. CenEIRSING S™ERNTIIPNOPBCKERpOSSi bl e production

zones behind the casing against salt water flow and protects the casing

agai nst corrosi on ¢ oMK F3RR ATUIRGY e 1WRES" §e38¢aCh §CLEOhYABOLS tools
fromoutside. Cenenting also elimmpates the danget of Tresh drinking water

and recreati opgd d@idicEinP|derdntinyg Rpjetationsananat adrbypakticulaaly, but
water flow fromformations containing those substances. It further prevents
oi | well bl owsst sbyneayf iofeslicaitsatd dny, hioglaurtheappeeagas zonssrbeheddfoheuse
casing and 20 prevents col | apse of "'the casing from high external .
pressures whi im meltinie stage wrrendiam@ Ahecpanuilng bptreenocd ¥eil casing
p:rotection against the above describe. downhcle conditions is called
primar§ cenentd@ ek RREENP ¥ enent i ng i ncl udes the cenmenting processes

used in |1 ring 2 I t,S pr ctive |f h as,r | al ntLng, .
anddrepa?rgeto du'Ingbré;arinq gfi‘%é¥¥ﬂgbzéahof%s§%%r %%l QHE o% gggngréaugt;on

a most'important.step involves the process of cementing. Basically
oil well cementinyg is the process of mixing.a cement and water
slurfy and pumping it down ste=l casing to critical points locatez
10 in the annulus éraund the casing, in the.open hole beliow, or in
fractured formatiams., .
Cemenging,a well érotects possibie production zones behind
the casing against salt water f£low and protects the casing'
against corrosior: from subsurfaée minefal waters and electrolysis
15 from outside. Cementing also eliminates the danger of fresh
Arinking water and recreational water supply strata being
contaminated by ail or salt water flow from formations containing
those subétances. It further prevents oil well“blowoﬁts and
fires caused by high pressuré gas zones behind the casing and
20 prevents: collapse of the_casing from_ﬁigh external pressur=¢
which can build vp underground. |
A cementing cperation éo: protection against the above dsscrikb
downhele conditions is called'primary,cementing. Secnondary |
cementing includes the cementing processes used in a well during

25 its productive life, such as remedial cementing and repairs tc



. 2.- existing cenented areas. The present invention is nost useful in
QArimary cementing operations. I'n the early- days of oil field production,

en wells were all relatively shallow, cenenting was acconplished by

‘owi ng 5 the cenent slurry down the casing and back up the outside of

the casing in the annulus between the casing and the borehole wall. As

mells were dyilled deeper and deeper to | ocate petroleumreservoirs, it

eSRBe g fhbhbhed® S1£85STHNS YordmM R fnldy & SMelds te@ffufie bot t om ot/

the casing, and therefore, nultlple stage cenenting was devel oped to al

t hga prithalsy t Cerfen AR NdRslra ticrpar at e st ages, beginning at the bottom of‘*
the well and working upwardly. Milfiple stage cementing i s achieved by

pl aci ngxettnteamly oddws owiail af et ipmoddgtical v eshear e llisnwelre casing or
bet ween joints of casing at one or nore |ocations in the borehole. Cenment

i salhereYatiteely mm@mwn@mnmmfwas\eammm by tflewamgul us to the

| owest cene.nting tool in the well. Then the bottom of the caS|ng string.is

cl ﬁsedcwn*arﬁjlw %ttl‘r@ 239129 2RH AR WBerkd® oddsideeRthe flowed

t hrough t he cene tin t he annul us t.o the next t oo
tHQF%HV”%UH% #h?éiﬁiﬁg? {he G PGﬁ%P_ ages of

ce |ng may be simlarly acconpllshed by t he use of addi ti onal cenenting
t 00 bn perform ng nmultiple stage cenenting, it is sonetines desirable to

have arhg. @éﬁ@%&@iﬂé@%@épé?%%ﬂﬁcg&/ locaté petroleum
reservoirs, it hecame difficult ;o successfully cement thé entire
well from the bottom of the casing, and therefore, multiple
stage cementingrwas developed €o allow the annulus to be cemented
in separate stages, beglnnlng at the bottom of the well and
workimg upwardhy.'

Hultiple stage cementing is achieved by placing cementing
tools, which a® primarily walve ports, in the casing or between
joints of casiug'at'one or more locations in the borehole. Cement
is then flowed through the bottom.of the-Easing and up the
annulus to the lowest cemernting tool in the well. Then the
bottom of the casing string is closed off and the cementihg tool
‘is opened. Cement can thenm be flowed through the cementing—tool
up the annulus to the next cemsnting tool, thereby completing the
second stage of cemehting. _Edditional stages of cementing may be
similarly accomglished'by ihe ase of additional cementing tools.

Inn performing multiple stage cementing, it is sometimes |

desirahle to hawe an inflatable casing packer located directly



. : *
bel ow the cenenting tool. After the first stage cenenting is acconplis e? .
the inflatable packer is inflated approxi- mately at the upper limt o ﬁ
.cenment defihi:ng the first stage of cenent and then the cenenting tool
opened to 5 acconplish the second stage of cenenting. The prior art has
I ncl uded conbi nation cenenting tools with inflatabl e packers | ocated
t herebel ow. Such tools are shown, for example, in our U S. Patents No.
3 2 ,503 and U.S. Patent No. 3,948,322. 716 - Furt hernore, such
' QF§ have been used wherein the inflatable packer has an inflatable
packi ng el ement which includes a cylindrical solid wall netal tubular
bl adder menbrane | ocated within an el astoneric bladder. This is shown in
U.S. Patent No. 3eqgy Fhe cementing tool. TAEtpri bheafiratsstage| ementing

cementing tools Vﬁi)&éﬂdﬂdﬂ%éﬂé& tQﬁeCQH?mEEHQlEOPEcuéﬁdlknlhhfaﬁéﬂbéﬁﬁ4é£HL
tool of .the present i_nventi h nentlng gBB util

conbi nation tool HtSHe P &dentPPRTe At P SEERERE) 59 é?h’i‘?a?h?of’t‘}‘l%‘i
shown in our U.S.stRatentf 2endnt 3nd68hB06theEt hemenenngt taglt bsl spened shown
in our U S Pateng 5 Pat 4 Pat ent No.

3, 228, 473 and5PateﬁFmﬁgJ§§1§%? %% °n d%?%ggngflcg énggg nting packer is

shown in 25 our U S. PatenﬂmNOPP3°27@P81haslhn& vdedanembinahienj gementing

i nvention there igodaHWidad i MRlklapl @0backaBr nsbageanthe%séﬁbw peeker
i ncluding a packer ndrel nd an _i nfl atable packin ﬁ gneEt dlsgo ed about
%%f 033 nar i

sai d mandrel, wiy £85 **APPIGY nd a aFeBbt el ©casi ng,
port means . 3 524 503 and U.S. Patent No. 3,948,322. :
10 : Furthermore, such tools have been used wherein

the inflatable packer has an inflatable packing element
which includes a cylindrical solid wall metal tubular
bladder membrane located within an elastomeric bladder.
This is shown in U.S. Patent No. 3,948;322.

15 ' ' The prior_art also inciudes cementing tools
very similar to the cementing tool used in the combination
tool of the present invention. The cementing tool
utilized in the combination tool of the present ihvention'
is substantially similar to that shown in our U.S. Patent

20 No. 3,768,556.

Other cementing tools are shown in our U.S.
Patents No. 3,768,562; Patent No. 3,247,905; Patent
No. 3,228,473 and Patent No. 3,223,160.

Additionally, a cementing packer is shown in

25 our U.S. Patent No. 3,270,814. _

In accordance with this invention there is
provided a well tool, :comprising an inflatable_packer
including a packer mandrel and an inflatable packing
element disposed about said mandrel, and a cementing

30 tqol including a cylindrical outer casing, port means
disposed through a side wall of said casing, and valve
means for opening and closing said portlmeans,_said
cylindrical outer casing being permanently'attached to
said packer mandrel and having a maximum outer diameter

35 at least as great as a maximum outer diameter of said



#nNd closing said port neans, said cylindrical outer casing being

p£r mnently attached to said packer mandrel and having a naxi num.out er

di aneter at | east as great as a maxi num outer dianeter of said

i nfl at abl e packi ng el enent when sg;d i nfl atabl e packing elenent is in an
uni nfl ated position. This conbination nultiple stage cenenter and casi ng
inflation packer of the present invention provides nunerous advantages oVny
conbi nati on cenenters and packers of the prtor art, or separate cenenters;/ .
and packeri of ﬁhe g;%or ari used i.n conbinatiﬁg. 5 R One ¥
parti culBF 1AF8BLENPRFKANENS L 8BGRROVRER o8P 1T sTRFLFt Ik RAGKHAE out si de
di anet eelemehbeisodh ke hhihfedtey pbeithowr di ameter of the well bore

wi thin which the i he. m nLmum pon I ter,i's neral ly
also limted by tEgggegﬁgégﬁgtigga%%f%ﬂéféapa%%?i %P%ﬂé%?iﬁﬂﬁmy ot her
tools down through the casing string. Oten the mn- imumintefnal bore-
nmust be mai ntai ned, and the manner of con- struction of the particul ar
downhol e tool therefore determ nes the outside dianeter of tMe tool. The
thinner the wall can be kept, the snmaller the outer dianet of the tool
w 'l -be 15 and subsequently, the easier it will be to nipulate in the
wel | bore. In conbination cenenting tools and packers of/the

_,sposed through a side wall of sai d casi ng, and val ve neans for 0|5eni ng




i Ya e
p'ri or art and in tool strings nmade up of separate packers and cenenting @
tool s, the |argest outside dianeter of the two conponents has al ways been :
the outsidé diameter of the inflata- 20 bl e packer which was greater than
‘the outside dianmeter of the cementing tool./ An enbodi ment of conbination

. cementing tool and packer to be described hgei n mnimzes the outside
~dianeter of the inflatable packing elenent so that it is 25 equal to or

- ldgg than the outside dianmeter of the cementing tool itself. This allows

. thg conbination tool to be run in smaller dianmeter well bore holes than can

© cofbi nati on cenenting, tools, and infl at abl ehqpackers of, the prior art,.

Additional advSRPLREsIaFALIR iRARke, At dihg Pragent; dnysntion, RER¥ILLS: o
manuf act ur e anfluméRods Sadditt £LHID i diGdxrt Qonikgiatiicee cleentel st hadppaskets

i nvention as cgQ red 1o {wo separate toqls whi woul d h t o _be. 2 up
in the field o‘r’lg?ﬁ%eec%‘éf%’tg St LY @ Ul %\é%é‘regsseﬁqug |

i nvention w || pnber 38t weedebrrddmbiinatiiomsy of exanples only, with

reference 50 the acconpanyi ngh&r s, d" phYtilem withl @8y Ho#d#olB tool
conprise a section elevation view of the cg bination cenentin

i nflatabl e pack®rtBatiHhe jpacimm | ifetidofianed e ofs t&‘*é&é’f’i"gr"rt.sg(liéﬁ'gggﬂn
view of an infbpttRe iMeéwedinmiteér dfechHdwelllaorepadiainoiwhict thB. thb.
;/?e\ll\'lsalaoflg?} : ggs Zx{‘%“%?&%‘%ﬂ%%}iéﬁ%&fiﬁe% dz:ilam'falt%r 4.5' %e%ek%'l(i&?lﬁ.sgem lon
' limitgd by the desire to retain the capability of running
'10 other tools down through the casing string. Often the min-
imum internal bore must be maintained, and the manner of con-
struction of the particular downhole tool therefore determines
the outside diameter of the tool. The thinner the wall can
be kept, the smaller the outer diameter of the tool will be
- 15 and subsequently, the easief it will be to manipulate in the
well bore; In combination cementing tools and packers of the
prior art and in tool strings made up of separate packers
and cementing tools, the largest outside diameter of the two
components has alwﬁys been the outside diameter of the inflata-
20 ble packer which was greater than the outside diameter of
the cementing fool./
An embodiment of combination cementing tool
énd packer to be described herein minimizes the outside
diameter of the inflatable packing element so that it is
25 equal to or less than the outside diameter of the cementing
tool itself. This allows the combination tool to be run in
- smaller diameter well bore holes than can combination cementing
tools and inflatable packeré of the prior aft./
_ Additional advantages are provided in that it
36 is more economical to manufacture and use a single combination
tool like thaf:of the prgsehf infention as compared to two
separate tools which would have to be made up in the field_on-'
the casing string. i '
_ Said embodiment of the present invention will now
35 be described, by way of examples only, with reference to the

accompanying drawiﬁgéc in which:



. '?eférring now to the draw ngs, and particularly to FIGS. 1A and 1B, the
.nbi nation cenmenting tool and inflatable packer of the present invention,

¥hi ch may generally be referred to as a well tool, is shown and generally s
designated by the numeral 10. The well tool 10 includes a cenenting tool 12
and an- inflatable packer 14. The inflatable packer 14 includes a packer
mandrel 16 and an infl atabl e packi ng el enent generally designated by the
nuneral 18 which is disposed congentrically about the mandrel 16. Connected;
to a |l ower end of packer mandrel “16 is an inflation valve body 20 which i s~
attached to packer nandrel 16 at threaded connection 22. A |ower adapter
body ZEIF§-agfﬁaéﬂédlﬁocPﬁPFaﬁﬁoﬂ seation elevapiemictievmection 26.. Lower

adapt er body 24 has.a thraﬁded lower end 28 for attachment to a portion of
aCPABIRFELPR| AGTEREENISHBRM) 2PEcAREYE AR R RATHET e Fhf IRESIRTE packi ng
eLenen%.18 i ncl udes an annul ar f,jixed shoe 30 which is fixedly - 7
cofkeRta8™c o0 the packer mandreél 16 by nmeans of annul ar |ocking ring 32

whi ch ?&&?C?eﬁsSQOSeQQéBR xﬁgxstkesgyvg&, #n%ppfcgfiaéi i oe 34 is

e
concentrically disposed about an outer cyl surtace of packer

rraad?ebflféhé infla¥hbleapskikdingssppl, begNg provided therebetween by
annular O-ring 38. A cylindrical tubular bladder nmenbrane 40 is connected

bet weenr&i xgdishgesgOeood eibdi AUoa§oRind. 3Theobl mrisler2 menbrane 40 is nade
of a nmetal such as.alum num alum numalloy, steel or 10 st ai nl ess
st eel . FIGhedmbsbaabhaidBout asectiahi viéy abomgtlind -4 of FIG. 3.

Referiring now to the drawinés, and particularly to FIGS. 1A
and 1B, thé.combinatién cgmenting tool and inflatable packer of
the present inv?ntion, which may generally be referred to as a
well tool, is shown and génerally designated by the numeral 10.
The well taol 10 includes A'cémenting tool 12 and ah inflatable
packer l4.

The inflatable packer 14 includes a packef.méndrel 16 and
an inflatable packing elemant generally designated by the numeral
18 which is disposed concentriéally about.the mandrel is.

Connected to a lower =nd of packer mandrel 16 is an inflation
valve body 20 which is éttached'to packer mandrél 16 at threaded
connectioa 22. A_iowez adagter body 24 is attached io inflatibn
btody 20 at: threaded connection 26. Lower adaptei body 24 has
a threaded lower end 28 f£or attachment to a'pbrtion of a casing
string (noﬁ.showh) located theﬁebeloﬁ. The inflatabie packing

element 18 includes an anauiar fixed shoe 30 which is fixedly



] d !
solid or inpervious nmenbrane the physical properties of which permt an
i nternedi ate portion of the nmenbrane between its upper and | ower ends 42
ard 44 t-0 expand without rupture during the inflationof the inflatable
‘packer 14.°15 .- An el astoneric bladder 46 is connected between o
fixed shoe 30 and sliding shoe 34 and is concenttically di sposed about _
-bl adder nmenbrane 40 and is bonded thereto. An-tuner cylindrical surface 48
“of \¥adder menbrane 40 is spaced radially outward fromouter cylindrical
:sunface 36 of 20 packer mandrel 16 so ag to forman annular inflation
‘space 50 therebetween. An inflation passage 52 conmmunicates annul ar _
I nflation space ] L pf I hul B ankn Wols I X y
20 is best shOV\7|=”|(§?1r1éé\'4 E}e% Ir'%. {:«%I'h"g&ZFé&'g‘-"?"'J \ﬁ%nQ?%¥l glé)iboynh'(f\;egfl \%eggg%xb%loa [ r%lel;jggg
an inflation vatigy BRaraibh &otacheL ¥HFENB0aL NEaUVE Ibaiyomo passage nmeans 52
with an inher bore 56 of packer mandrel 16. The_inflation valve neans 54 is
preferably constructhad aghrilsarstidinge shakvdddisduseatricilly dHaoased
Application No. 5 048,977 of Eugene .E. Baker_ and Ernest E. Carter,
Jr., filed JuneRBONt P&78ERRCHENMIER Lt uFRRCAsY GeBabket MEARfRlenf

Comnt o8 1 ng - T 4 s3RatAb Sl AR LB N i Bhe B0 Yz 0-ring
i ncl udes an outigt passage 60 for comrunicating with 10 . i nflation
passage 52. The outlet passage 60 includes a longi- tudinal portion 62 and
an upper annul ar porX icyli6drigaltwiulagr dlGddes memprsed40nisataendmimd Petween
For commini- . red shoe 30 and sliding shoe 34. The bladder membrane 40
is made oF a metal such aé aluminum, aluminum'alloy, steel or
10 stainless steel. The membrane 40 is a relatively thin,_tubglar
| éolid or ‘impervious membrane the physical propefties of which
permit ac intermediate poftion of the membrane.between its
upper and lower ends.42 and 44 to expand without rupture during
the inflation of the inflatabtle packer 1l4.,
15 An elastomeric bladder 46 is connected between fixed shoe
_30'and sliding shoe 34 and is concentfically disposed about |
bladder membrane 40 and is bonded thereto. B
An taner cylindrical surface 48 of bladder membranes 40 is
spaced radially outward from outer cylindrical surfaée 38 of
20 packer maadrel 16 so as to form an annular inflation space 50
' therébetmaen.’
'~ An inflation passage 52 communicates annular inflation space
S0 witﬁ inflation valve body 20./
The imflation valve body 20 is_bést shown in FIG. 2. The

25 inflation wvalve body 20 includes an inflation valve means-54 for



gting the inlet 58 with the annul us between the well tool 10 aid the oi

2"l bore hole. That comrunication is acconplished 15 at the | ower end

768 of bore 66. Asecond bore 70 i's disposed in valve body 20 and is al so
comuni cated with the annul us between the well tool 10 and the oil well
borehole at its lower end 72. Afirg port nmeans 74 connects the first and
second bores 20 6E and 70, and a second port means 76 connects the
second bore 73 with the outlet 60. A first piston 78 is disposed in the

o/
first LS LT : s d.end 0,.and 82 arranged for S
fluid ?gﬁ'nﬁ“u‘ggcg%%ﬁgi?\’évhtat%ﬁ%nﬁge?% 3-‘%%9?{%8%%& e qr“é‘gﬁeg?’ﬁ%e| y. The ¥
first 88 of padtdt MinbZeirS1ppvabl e between a first position, as shown in
FIG 4, blocking first port nmeans 74, and a | ower second position allow ng
fluid conmumheain OYatdionwweive nheindFHid bresérguly comansudded A shearn pin

84 provides a neans for hoIQing@firs} piston 78 in its said first position
unti | &ipkleE ¥R dstv@lyer fisekesed ireUnSenPatert ARmIdcssion Yacker nandrel

16 d.t t sid th |t -1 h fi,
2 S he UL e Bea el "G Lok 10 raches o Wk
so thalyght F?{ Oféaﬁsﬁr%‘ﬁﬁd asQibhea SES Yh Q%%'i&h?é‘ M%é%‘égsgﬁgsﬂﬂ*yéﬁtion. :

differentia reacheS said first |eve A seco piston 86 IS

di sposed i nThéeisERidnboatve Omeats Fes ihiclateangh seaetd 5endsx88 and 90
arranged for fluid communica- tion with first port neans 74 and the
annul usempunpet ixe Wi thThanescooxe pi&todh peekes mandisle Uoet wEdbhver fir st

pOSitngfafgo inéxndes an outlet passage 60 for communicating with
10 inflation passage 52. The outlet passage -60 includes a longi-
tudinél portion 62 and an upper annular portion 64.
A first bore 66 is disposed in valve body 20 for communi-
cating the inlét 58 with the annulus between the well tool 10
and_the oil well bore hole. That éommunicatibn is accomplished
15 at the lowerz end 68 of bore 66.

A secoﬁﬂ bore 70 is disposed in wvalve body 20 and is also
cammunicated with the“annulus'between the well tool 10 and the
oiil well borehocle at its lower end 72. |

A first port means 74 connects the first and sécond bores

20 6& and 70, and a second port means 76 connects the second bore
73 with the outlet 60. |

. A firsit piston 78 is disposed in the first bore 66 and has

its: first and second ends 80 and 82 arranged for fluid communi-

cation with inlet-ss and the'annulus; respectively. The first

25 piston 78 is movable between a first position, as shown in -



15 ] shomn in EIG ,4, allowng fluid comuni cation between first port
nmeans. 74. and second port means 76, and a ‘seconrd domnmardly di spl aced

posi tion, bl oeki ng second port neans 76. A shear pin 92 provides a neans for
hol di ng the second piston 86 in its said first position until said fluid
pressure 20 differential reaches a%econd predeterm ned |evel, e.g.
1500 psi, said second predeternined | evel being hlgher than said flrst pre-

‘r’m&‘v'i&”‘tgeg ot BIeHangoE ERB PR boRPABS LA ont b %@%‘354% %ﬁ%i??%
A knookout “paueRy HeifPCaRRRELdcsBhoRd-RiRe, ERice 30 TEIETALIRTARE

inl et 58. fasnsengNting tool 12 includes -a cylindrical outer casing 94
whi ch has one or nore cementing port méans 96 disposed through a side wall

thereof. Casinga94nbas pihowes gpdv28e¥haChebAs £8r iHd BRI | 8144y @AdAdn
portion 100. An externally threaded portion 102 of an upper -end 104 of -

.packer man@gelinlGtsssthdesfiedtypasiatbaduheilhe Fhuihdirkessums nhlffrential
portion 100 of casing 94. The casing 94 and packer mandrel 16 are
per manent | ze&weashédityy hozasS6f cdnpaskerarandrebtleind e FROWEAIS an end
face 108 of |ower end 98 of.casing 94 and an - outer cylindrical suerF%
110 of pacREEsiBRdPEl *46 uWBlAcERPLt R ERpEPREI Py fifF bR PRTHAPUIE G/
the-”pper'29%.19305h8%§?fan55for releasing the first piston 78 so that it
‘may be maved fo its second position when said pressure differential
10 reaches said first level.
. A second pisﬁon 88 is disposed in the second bore 70 and
has first and second ends 88 and S0 arranged for £luid communica-
tion with first port means 74 and the annulus, respeCtlvelj.
The second piston 86 is movable between a flrst position, as
15 = shown in EIG. 4, allowing fluld communication between first |
port means 74 and second port means 76, and a second downwardly
displaced position blockinq.second port means 76. . —
| A shear pin 92 prevides a means'for holding the second
giston 86 in its said first position uatil said fluid pressure
20 . ~differential reaches a sacond predetermined level, e.g. 1500 psi,
said second predetermined levei.being higher than said first pre-
determined Tevel, and fcr:neleasinq the second piston 86 so that
it may be moved to its said second poeition blocking second port
wmeans 76 when said pressure 5ifferential reaches'said second pre-

-

25 determined lavel.



5 "11 By pernmanently attaching the casing 94 and packer nandrel 16 so as ®
Y’ make a unitary one-piece well tool 10, several advantages are provi ded

over separate cenenting tools and over inflatable packers which nust be

assenbled at the well site. 5 ' | f separate cenenting tools and

~inflatable packers are used, the upper end of the packer mandrel above the

i nfl at abl e packi ng el enent nust tend for a distance of approximtely

. three feet so?that the threaded joint mth the cenenting tool can be made \_/

up. This,i I atgd t resent J.nvention.10... which allows Ty
appr oxi mé gpéc?%bgé%ﬁg§?¥fbq%ng%§%? g#gdSP%8ﬁ$?h%lF%nb?%egf?%he packer
nan@behnggigqqgabqgckpi&gg@rg@q inflat- able packers. Additionally, this

m nimzes the distance between cenenting ports 96 and the inflatable packer

el ement #feseentating Rio®1z2 2l AachaBaknaokyl Nad-coi 1 espeasi dgs oy tion of 15
t he annul us between the oil tool 1.0 and t%e oil well bore hole Wwhich m ght
be brpehieht hpsf bhieedrwimbirec eemehtihgt perti néanst 9§ ed Dips€s® Nth FQagis not
extended sufficiently to flow the cenent continuously past cenenting ports
96. aTeédenwridntderertdi ameter of.the casing 94 is at |east 20 as great
as the maxi num outer di aneter the infl atable packing element 3B. This is
cont r ast €8siBIpPhohasr 8 de¥rgnendh8Bewhiehi has azmblrtemmakly Hetreaded s been
of g&ggter giﬁgeter than the cementing tool with which it was used. This

al | £RB &8Rni nation tool of the present invention to be used in snaller

di amet o1 el | +28na1104A080ERa! B3ReEOH! HoBr b8 ad  Lpgle G52 1Y $ygSC
previ ously. _ _ -
EF=cker mandrel 16 is threadedly attached to the threaded internal
jortion 100 of casing 94. The casing 94Sand packer mandrel 16
‘=e permanéntly attached by means of an annular fillet weld 106

Jetween an end face 108 of lower end 98 of césing 94 and an -

«aiter cylirdrical surface 110 of packer mandrel 16 adjacent the

sxternally threaded portion 102 of the upper end 104 thereof.

15



The relatively thin solid netal tubular menbrane 40 in combination with agé%%i/

el astoneric bladder 46 bonded to the outside thereof provides a relativel

tﬂlnner i nfl at abl e packi ng el ement than nost any other avail abl e design and
erefore when .5 used in conbination with the other conponents of the -

present invention allows the maxi nrum outsidél-dianeter of the inflatable

packing element 18 to pe maintained at a dianeter no greater than a nmaxi mum

out er di ameter of the ca5|ng 94. The manner of-operation of the well tool

10 0of the present Bynpermanentlyagttaching. ththecaming t3bland pankiesdimagdried

cehéntlng tool 12 and the jnflatable packer 14 are placed within a ca5|ng

string and | dRefRdafntd ‘Bﬁé?t?oﬁnw‘:?ﬁ? ereriecaiglbdicehdile isgvaradnner

| to that [ h 5 o0f U S Patent No. .3,948,6332 t
Bker - wh chEaR ég?ﬁo?a?e%rﬂ‘é’r‘é?a F fedirte Sementing s, 5 over, °

bot tom { ner cSRELATEBLE FLRYEL RLER SETE be TMLARRL N WA a0 afitls
and thesoi | well ?ereégéfagé EehNElng! LANIL Yarth M INANPAKAGS! Qole 12

of the present invention I.rst stage” shut of plug 1I's punp
casing stringsea,t eReOhnppde £hdShf SERECHAKEL TAHIMS bovelithidl Aa¢TAREDLe

fluid generally water or nud. As the shut off plug passes through the well
tool ‘10 it epgag?ngtékemqmthnuSt extend for a distance of approx;mately
three feet: so enat the threaded joint.with the cémenting tool
can be maée up. This is eliminated by the pnesent invention
10 which-allcws approximately three feet to be eliminated from
the lengtﬁ.of the packer mandfel as compared to separaﬁe lnflat-
able packers. Additionally,.this minimizes the distance between
cementing ports 96 and the inflatable packer element 18 so
as to minimize the length of that corresponding portion of
15 the annulus between the oil tool 10 and the oil well bore hole
which mlgbt be lmperfectly filled with cement. if the first stage
of cementing is not extended sufficiently to flow the cement
v : contznuomely past cement;ng ports 96.
The naxlmnm outer diameter of the casing 94 is at least
20 as great ‘as the maximum outer diameter the lnflatable packlné
element X8. This is contiaeted to prior art deslgns where the
inflatable packer has elwaye been of-greaﬁer diameter than the
_ cementing tool with which it was used. This allows the combination

tool of e present invention to be used in smaller diameter well

25 boreholes than could prior'art devices discussed previously.



93 pl ug-94 and shears off the sane thereby opening the inlet 58 of the
4f|ation val ve neans 54. Then the shut off plug nmoves downward bel ow t he
MRl | hote tool 10 and bottoms out on a shut. off baffle |located in a float »
gZollar or in a bottom shoe of the casing string. Then the pressure within
the casing string is increased to the first predeterm ned | evel of pressure -
differential between the inside the casing string and the outer annul us
so that the {irst piston 78 of iMflation valve neans 54 is noved dommmard\;
t her eby connucatlng the inner bore 56 of power mandrel 16 with the’ ﬂ\i
i nf | at i Fhepzedagd velybFhinowedddt ne@aéhtbbubasmembrsme pé® timeans 74, =
around secqnd pi,ston 86 wthin the second bore , .through second port

ne§ﬁ§b¥6a&ﬁﬂnoHFtPhéno&QﬁéﬁoﬁeréF PﬁFﬁéﬁFoﬁsva?V€eﬁE5ﬂst®% oyfgide
i spl acenent_ fl. § id then.flows.to acker. 14 thereby

‘if STERG PRSVESRE *TRELSLANEIY 1% F?n%ﬁfFﬁféég?ﬂﬁgd?%f%+? upon coanetlop
0 egdfight: thap B85 eanb hiter A0al1aBISORbERoh dnd OB EIOEE WA "0

5 Combaeﬂnsqoﬁmhatt&anpaqlear the e%ehnébﬁgeﬂeHE£'$fa£h9p§f@§wn@I ug opens the
cementing valve. In such a device there'is a lag time between seating of

t henvbrtiohf apllugs 2hd magimpeNongsaliet Aeanes@nt o ot ¥ef Dytdibe openi ng
plug. The pressure within inner bore 56 of the packer mandrel 16 is
|npaeksa¢ edenesécdBd tpr bdemainitaddeticat| aadiane teéhato pgred tehe second
pi ston'86 noves downward to a position closing second port neans 76
ofthﬁﬁlatméﬁlmﬁmv§u#§§n§19me§§rtﬁétthﬁecaﬂinit96n

n The maﬁner of operation of the well tool 10 of the present
invemtion is as follows.

The well tool 10 including the cementing tool 12 and the
inflatable packer 14 are'piaced within'a casing string and
lowered into position within an 0il well bore hole in a manner

5 simil;r to that shown in FIGS. 3 through 5 of U. S. Patent No.
3,948,332 to Baker, which is incorporated herein by reference.

The firsé stage of cementihg is ‘accomplished by pumping
cemert down the casing strihg out the bottom thereof and back
up tilrough the annulus between the césing string and the oil

by well 3orehole to a level slightly above thé cementing tool IE
of tkn present ihvention.

R first stage shut off plug is bumped doﬁn the casing_ _
strimy on top'of the first stage of cement using a displacement

fluid, generally water or mud. As the shut off plug

s}

passexs through the well tool 10 it engages the knockout



§bace 50 of inflatable packer 14 is.no longer in communjication with the/ _
i pner bore of " the casing string, trapping full inflation pressure wthin Jﬁﬁ’;
inflation space 50. 5 The first and second predeterm ned pressure |le '
may be varied by varying the construction -of the.shear pins 84 and 92,
respectively. Then an opening plug is dropped into the casing string and it
free-falls into engagenent with a cenenting val ve opening sl eeve 112 of

. cenenting tool 12. The pressure within th&casing string above the opening
- plug is increased unttl one or nore shear pins 114 shear allowi ng the

? i sl 1 b d j N
?E?é28oﬁde§¥§ae3§fé§%n§;§%’%€ S EEHE il SHIALCPIBANIRG, A 2n00: 807
the casing gkri uﬁﬂé%@i&ﬁ'%aiw?@ SR N9 AU 38 sRLe bie 8nay! Msvasd

back up the annul us en the second stage of cenenting is conpleted and it

i s desired §ouwkhase KEIBW! thE WEI1 hdlfe add0SINGNd Bo titdmBuBRedotoanshie.
casing string on top of the second stage of cenent using a displacenent

fluid, and bffdsdfbHle alocpied dif acifipathordlderr b6 iaf aaboetent shgevafvehe
closing sl eeve 118. Once again, pressure is increased within the casing

string untitasitmgostrime- shear pins 120 shear thereby releasing the clos-
ing sleeve 118 so that it noves downward carrying wth it an internediate

sl eeve 122 ther cBReR| BR¢ RERFTUER 1B R (BGRI FrEiRgnisr 1BFT8pRRd: FoON

of 3 cementing Lool, SUcls See e SETRNLT G4 Yleckiurs® d1388HLRE 1 " BLGRLE"

' - the ihside_of'ﬁhe casing string and the outer annulus SO-thaﬁ.
the first piston 78 of inflation valve means 54 is moved downward
theveby commumicating the inner bore 56 of power mandrel 16 with
the inflation passage 52 by'flowing through bore 66, first port
means 74, arcund second piston 86 within the second bore 70,-
thrsugh second port means 76 and out the outlet 60 df inflation
valze means 54. The displacement fluid thén flows to the in-
flzasable packef 14 thereby inflating the same.

The pack=r 14 is inflated immediately upon completion of the
first stage of cement. This is contrasted to a device like
thab of U. S. Patent No. 3,948,322 where the inflation and
cenenting valwes are combined so that the packef is not infléted
until an operving plug opens the cementin§ Vaive. In such a
'devﬁce there is a lag time bétween seating of the shut off plug,
_and the opening of the cementing valve by the opening plug.

The pres:sire within in.ne:‘--bore 56 of the packer mandrel 16

isicreased to a second predetéxmined level and at that point

£he_SECOnd'piston 86 moves downward to a poSition_closing'second



‘INB 1. A well tool, conprising an infl atabl-e packer including a
Aoker mandrel and-an inflatabl e packing el ement di sposed about said
ﬁvdrel and a cenenting tool including a cylindrical outer casi ng, port >
peans 5 di sposed through a side wall of said casing,” and val ve neans -f or
openi ng and cl osing said port neaés, said-cylindrical outer casing being
pernanently gttached to said packer mandrel. and having a naxinun1outer
| eg@s oghker,d t o} 0
R B o AR o A R s e B AT e Sl ER e L
ung@%bats@ BQSthQ&td%le packerA14ekk. h@Ohoﬁ§eE|ﬁhn@ﬁhmﬁh£%é%ﬂ6@ wherelu.f
an end of said packer mandrel includes an exfernally 15 threaded portion
whivgltht headedley boyeges ahe kbsingl byrtihgeadedppbid i DUl DS imhledbwf said
-casing of said cenenting tool, and said packer mandrel and said casing are
pepressurey wathiohda fptiondispgceefieen an end face of said end of said
casing and an outer cylindrical 20 surface of said packer nmandrel adjacent
.5smdw%%ﬁWQW%%@MWWﬁﬁ@%@%$%W% %mebwwm|mm
as clained in claim1l_or wherei.n sai_d | nfl atabl e, n | ement
inEFG&SgEEH JAMYrEE FP?e&°§§tr§ﬁﬁé°Pl?ng§ecﬁﬂﬁ%ﬁt ?o %d%&fpacker
reI,a cgagugar sliding shoe concentrically di sposed about an outer
HdFlEQF Fade of sai d packer nandrel, a cylindrical tubular bladder

nb ' | idi hoe, said
2"%?222 55 URCBpER1AT HiGE 19 ﬁrﬁgéﬁﬁaﬁﬁ’éﬁaﬁ%n%%%%%%*d%?qioﬁﬁecfza
behwaeatsekéetféqissha&oaaagagbﬁeﬁhldaea 8heeméndi #9valve opening

0 sleeve 112 of cementing ﬁool 12. The pressure within the casing
string above the opening plug is increased until one or more
shear pins 114 shear allowing the opening sleeve 112 to be
moved  downward opening cementing ports 96. Then the second_:-
stage af cementing can be é?complished by pumping cement down

5. the'casing string and through the cementing ports 96 into the
annulus and back up thé annulus.

When the second stage of cementing is completed and it is
 desireé to close cementing pbrts-96 a closing plug is pumped
down thie casing string on top of the second stage of cemént

= using a displacement fluid, and landed on an upward facing -

shoulder 116 of a cementing valve cloéing sleeve 118.

Once again, pressure is increased within the casing string
until ome or more shear pins 120 shear thereby releasing thé clos~-

ing sleeve 118 so that it moves downward carrying with it an

M) ]

intermediatE'sleeye 122 thereby closing the cementing ports 96.
The manner of operation of a cementing tool such as the

cementimg: tool 12 is described in greater detail in U. S. Patent
3,768,556. | |



i . oo .' :
centrically disposed about said bl adder nenbrane. 4. A wel | too
as clainmed.in claim3, wherein said bladder nenbrane TS

Se _ . Awell tool as clained in any precedlng
i'nflatabl e packer includes an inflation passage con@ ’ J HMLI nner
- surface.of said inflatable packing elenent, and includes 1D | ve

means for communicating said inflation paSﬁgge with an inner bore of said
packer mandrel. 10 6. : A well tool as”claimed in any preceding claim
_gre- in said inflatable packer is an inflatable casing packer. 7.

A Well tool, conprising an inflatable casing 15 packer including a packer

mandr el haV|ng agy I ncluding an externally threaded portion and an

i nfl atabl e packi ment di sposed about said mandrel, said inflatable

packi ng el ement including an annul ar fixed shoe flxedly connected to said

packer mandrel, fn annularAs¢é1hrubaﬂuxzdg§ﬂyyyagnghlnghgtdbsefﬁed¥agout an
rical,solid wall

out er cyllndrlcal -surface of said packer
metal tubul ar bl HReERd R&1? Rrckghiatdeh éw%eéﬁ §3F3g 538 BASEARd sai d
sliding shoe, andlaﬂe@taﬁispﬁsed:éﬂduhkyaxnnmunﬂnad behdeencemedtinged shoe

and said slldlng¥%§%zh$@i&§§k é?%i#éﬁﬁé <yu%g95%q3§9§utpaﬁtdeLaner

menbrane, the in 2] caS| i nclu an 1 nflation
passage commugi caieposgd htlarp‘}g‘me# sifg at?euofOfséladde&GHES neRer ¥ALVand
inflation valve geans £or opening and closing said port means, said

cylindrical outer casing being permanently attached to

said packer mandrel and having a maximum outer diameter
at least as great as a maximum outer diameter of said’
10 4inflatable packing element when said inflatable packing

element is in an uninflated position.

2. : A well tool as claimed in claim 2, wherein an
end pf said packer.mandrel includes an externally
15 -threaded portion which threadedly engages an internally
threaded portion of an end of said casing'of said
cementing tool, and said packer mandrel and said
. casing are permanentlj attached by welding between an end
face of said end of said casing and an outer c¢ylindrical
20' surface of sald packer mandrel adjacent said externally

threaded portion of said end thereof

3. A well tool as clalmed in claim 1 or 2, wherein
said 1nflatable packing ‘element includes an annular fixed
25 shoe flxedly connected to said packer mandrel, an
annular sliding shoe concentric#lly disposed about an
outer cylindrical surface of said packer mandrel,
cylindrical tubular bladder membrane, connected between
said fixed shoe and said sliding shoe, said membrane
30 having a solid wall, and an elastomeric bladder connected
between said fixed shoe and said sliding shoe and con-

centrically disposed about said Eiadder membrane.
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nruni cating said inflation passage with an i nnermwrﬂg_l_ﬁacker
nhdrel, and the well tool further conprising a cenenting tool Tnctuding a
i ndrical outer casing, port neans disposed thrHlﬂ'Uﬂ"ﬂ'n g of said
¥Si ng, and cenenting val ve- neans for opening and I glmHMt nmeans,
aid cylindrical outer casing including an 35 end hafi ndg af iAternally

t hreaded portion which is 17 thgeadedly engaged by said externally
t hreaded portion of said end of saird packer mandrel, said casing and packer

b

mandrel being permanently attached by wel ding between an end face of said ™}

end of said casing and an 5. outer surface of said packer nmandrel adj acer-LtJ”’“

said externally threaded end portion thereof, and said casing having a
maxi mumbut er di arfet i) tt9%9ads sdagmest & < AidumPSIEER di aneter of

sai d i nfdakdiladqbokimgnbalarerits wheretsdi cheimdidaateabl e packi ng el enent is 10
in an uninflatable position. 8. A well tool for use in stage '
cenent i nsq a well bore, conprisi ng a substantially tubular cenmenting tool
oper at eddby an opéehiwrtlafaoh a8 esphneddreany my gsiedd nat ¢vba 15 wbemreani ng t ool

i ncl ydi nga2d CHAFTUH AW PUOIRIT GadNGie < AR MG AV Hadisagesed through the
side"wall of said casing, an upper adagpter % |l esser external dianeter than
sai d casTHY MWL ekt 1AR dAGTe FUHECE &F S8 AafLAt8BeRi ng sl eeve

di sposedpackbtendl endrtt parids diinclasied dadilng idh aadvecaenad £orpl ace by

shear ”?@gﬁhué¥kéﬁ¥ﬁéf§553‘¥ﬂé¥%tion passage with an inner bore
of said packer mandrel.: |
10
6. : A well tool as claimed in any preceding claim wnere-

in said inflatable packer is an inflatable casing packer.

7. A well tool, comprising an inflatable casing
15 packer including a packer mandrel having an end including
an externally threaded portion and an inflatable packing
element disposed about said‘mandrel, said inflatable
packing element including an annular fixed shoe fixedly
connected to said packer mandrel, an annular sliding shoe-
20 concentrically disposed about an outer cylindrical
surface of said packer mandrel, a cylindrical solid wall
metal tubular bladder membrane connected between said
-fixed shoe and said 31iding shoe, and an elastomeric
bladder connected between said fixed shoe and said sliding
25 shoe and'conCentricélly'disposed about said bladder
membrane, the inflatable casing pécker further including
an inflation passage communicated with an inner surface
of said bladder membrane and inflation valve means for
communicating said inflation passage with an inner bore of
30 said pécker mandrel, and the well tool further comprising
a cemen%ing tool including a cylindricai outer casing,
- port means disposed through a side wall of said casing,
and cementing Valve means for opening and closing said
port means, said cylindrical outer-casing including an

35 end having an internally threaded portion which is
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gleeve above sai d opening sleeve and concentric therewi th, an intermnediatge
sl eeve surrounding said opening sleeve and said and secur¢
to said closing sleeve by shear neans, said |nter e sl eeve 25 havin
substantlally the sane internal dianeter as said @mw &mum d said -
casing and said sleeves defining an open bore thro ng tool,
and the well tool further conprising a supptantially t ubul ar acker mandr el
of |l esser external dianeter than 30 said casing and pernanently secur ed

théreto, said packer mandrel having substantially the sane interna
di ter as said upper adapter an I nf | at abl e packi ng el enent being
di sposed about | a sald packi n enent ud

“annul ar slidi ngégﬁgga §5 e{% upp%’F %lod x%%ﬁ'galgi cgg"r r%‘pe ort annul ar
fixed  * Cof spid eMi of Ssaid *patioer anartrheeloveeencbr@s;fngaurd packer

mandrel, a tububgewse! ngndbl BEick SR ANGREE WE D113 d shoes

and dlsposed t her ebet ween abouf sal acker mandrel , and an el astoneric
bl adder di spose8ciMEERI2RaPRd nEHE? P %?%ﬁuFﬂﬁaQﬁuﬁqﬁftﬁﬁ§&§§1§§£ ®"shoes
and the wel | 5t oohtget shnfaberof oepid Spagkeér ivd vdr d10Hd v dred Haigl a packer

inflation vaIveekQ Qg}fglg $Q§%§8fe§@d secureq%to Hﬂe Ilﬂfr Qp of said
val'v

packer mandrel, sal_ ] eln 1 €' s &% Sext er na
di aneter as sa|ea§engikeﬂlsaoe meﬂymu@rputeﬂsdsﬁmﬁnextatﬂkfaﬁt @asbstantially

the sane internghedtadBt 8 maRimdh o WBOH" &l am&t dOVEY said inflatable.

packing element when said inflatable packing element is

10 in an uninflatable position.

8. .. - A well tool for use in stage cementing a well
bere, comprising a substantially tubular cementing tool
operated by an opening and a closing cementing plug, the
15 cementing tool including a cylindrical outer casing,
cementing ports disposed theough the side wall of said _
casing, an upper adapter of lesser external diameter than
said casing and permanently secured thereto, an annular
opening sleeve disposed adjacent said ports in said casing
20 and secured in place by shear means, an annular closing
sleeve above said opening sleeve and concentric therewith,
an iatermediate sleeve surrounding said opening sleeve
and -said closing_sleeve and secured to said closing
sleeve by shear means, said intermediate sleeve
25 having ‘substantially the same internal diameter as
said upper adapter, and said casing_and said sleeves
defining an open bore through said cementing tool, and
the well tool further compriéing_a substantially
tubular packer mandrel of lesser external diameter than
30 said casing and permanently secured thereto, said
packer mandrel having subsﬁantially the same internal
diameter as said upper adapter, an inflatable'packing
element being disposed about said packer mandrel, said
packing element including an annular sliding shoe

35' at the upper end of said packer mandrel, an annular fixed



. D
d3prer of substantially the same internal diameter as said packer mandr el -ﬁi;

f |l esser external dianeter than said casingberng—sSectred—+0 said

afV¢ body and 15 concentric therewith, knock i ng provided f
bl ocki ng an inflation passage |eading to nglr nmﬂﬂgﬂ}{ ve and .
adapted to break off fromsaid val ve body and c ] «1n the well -

- bore below said well tool, said in %$table packi ng el enent having 20 a
maxi nrum external dianeter in an uni'nflated state no greater t.han that of
sai d casing, and said upper adapter, said internediate sl eeve, said
mandrel, said valve body and said | ower adapter defining a substantially
constant di aneter bore through said well tool, whereby an 25 unobstructed
bore of Ao fsthamtlionary eé’%nﬂfaﬁt“&i rasker mapdselebfatnedlenr ough t he

O

entirety ¥l ishivhMeldetlalolblaldder membianel Bgcapedatbosaby $heeslrilling out
of sai.d openi s| eeyv sai.d,cl osi ng _sl eeve ,an aid pl s, .30 O.
e 4 B ikt Enei Ut eiled A8t SUT A BARA (bSR30 Do

acconpanyamy ady ®diagfomeric bladder disposed around said membrane
5 and extending between said shoes and the well tool yet
| further comprising a valve body containing a packer
inflation valve in the wall thereof and secured to the
lower end of said packer mandrel, .said valve body being
of substantially the same external diameter as said
10 fixed shoe to which it is secured, and of substantially
the same internal diameter as said mandrel, a lower
adapter of substantially the same internal aiameter
as said packer mandrel and of lesser external diameter
. than said casing being secured to said valve body and
1§ concentric therewith, knockout‘plug means being
provided and blocking an inflation passage leading to
said inflation valve and adapted to break off from said
valve body'and fall to a level -in the well bore below
said well tool, said inflatable packing element having
20 a maximum external diameter in an uninflated state no
greater than that of said casing, and said upper adaptef,
Said intermediate sleeve, said mandrel, said valve body
and said lower adapter defining a substantially constant
diameter bore through said well tool, whereby an
25 unobstructed bore of said substantially constant diameter
may be obtained through the entirety of said well tool
after a cementing operation by the drilling out of

said opening sleeve, said closing sleeve and said plugs.

.30 9. A well tool substantially as herein described

with reference..to the accompanying drawings.



