2188659 1- MULTI PLE POSI TION SERVICE SEAL UNIT W TH PGSI TI VE POCSI TI ON AR
| NDI CATI NG MEANS 'Thi's invention relates to tools and equi pment for ‘k}‘t
sarvi ci ng downhole wells. 5 In the course of performng various
downhol e wel | sérvicing operations, it is necessary to raise and | ower a
ser¥fce tool within the well to set, position or release downhole

equi pnent . The success of such operations is dependent upon the
ability to reciprocate the tool a 10 predeterm ned distance %1@%?359
to the downhol e equi pnent, and noreover, to reliably detect not onlyt

fact of a desired displacenent, but also that the displacenment has occurred
relative to a specific item of downhol e equi pnent. For exanple, such a
requirenent is essential for 15 the successful installation of a gravel
pack. In one class of such equipnent, a service seal unit carried by a work
string is reciprocated relative to certain flow ports and sealing points

wi thin a packer bore to route fluid al ong vari ous passages. The service
seal unit carries vertical 20 and lateral circul ation passages which, when
aligned with ports formed in a packing unit, permts service fluids such
-2- as acids, polyners, cenents, sand or gravel-laden liquids to be

injected into a format weniibeyEoste de R T diesEer kygttiwgrand i nto the

out er annul us bet ween t he ppTh T30 eos ANON avprrimree adeaRs! casi ng,
t her eby avoi di ng pl uggirng or

This invention relates to toocls and equipment for

servicing downhole wells. |
5 In the course of performlng various downhole well
servicing operations, it is necessary to raise and lower a
service tool within the well to set, position or release
downhole equipmént. The success of such operations is
6ependént upon the 'ability_ to reciprocaté the tool a
10 predetermined distance relative to the downhole eQuipment,
and moreover, to reliably detect not only the fact of a
desired displacement, but also that the displacehent has

- occurred rélative to a specific item of downhole equipment.

_ For example, Ssuch a requirem.ent is essential for
15 the successfui installation of a graﬁel pack. In oné class
of such equipment, a service seal udit carried by a work
étring is reciprocated relativé'to certain'flow ports and
sealing points within-a packer bore to' route flﬁid along
various passages. The Service seal unit cafries vertical
20 and lateral ciréulation passéges which, when aligned with

ports'formed in a packing unit, permits service fluids such
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al unit, the annul us- bel ow the packer is sealed and the |atéral flow
passages of the service seal wunit are positioned for discharge ¢
directly into the annul us between the work string 10 and the well .casing,~&
thereby permitting reverse flow of cleap-out fluids through the annulus =%
bet ween the work string and the well ca% ng and upwardly through the bore

of the wo i<Qg. jti at g1 OML. a ng I
carri ed bo°t AELEEF, PRIVERES ., (éelits L ShA SLPUrRIRTASERCR T TG I
that sucpg %%@@d%éd°P§£§Uéﬁforﬁ£€ioﬁe&h@@g?ﬁC{EéGSEBé J??th%r%$¥ﬂm
procedures becone nore ditficult 1n performng service operations on an
of f- shoregpehhg =28 Viffo2&HpesatbeNarnu e chefRBEAS the c8dhAY st Al
hundred feet afe generally perfornmed from a floating, sem-subnersible
pl atform afd thenperForated Well ecadin@) oyASEEbRNdvEeE 1hgOWLURYITRA or
bottom In such operations, a marine riser connects well head equipnent to
a surtaceotherwibe Hamagingiclre Xarsd agteeemndui t t hrough which the
production or work string is extended and production fluids are .
conveyed to Ihheanethere pesddiion of3- thee serviee i smalandinich k dthe ng
cannot w t hstand conpressi-on | oadi ng -and therefore nust be supported under
t ensi on asnnbdusatkelewr fthe packesveds ciraledeandrntbei slateray flow
acconplished when the surface facitity is a ’

: passages of the service seal unit are positioned for

(}3;;chermdse damagi ng the sand screen. I n another position of the servi ce

%

discharge directly into théfannulué between the work string
10 and the well casing, thereby"pérmitting re&erse flow of i.) _
~ clean-out fluids throUgh the annulus between the work string
and the well casing and uéwafdly'throﬁgh_fhe bore of the
work string. | S | o
 'The position of lateral flow pa_ssageé' and seals
15 carried by”thé service seal unit must bexclosely controlled
‘to insure that such seérvice operations are performed
cbfrecfly.' | |
" The foregoing pfocedﬁres become more difficﬁlt in
performing service operations on an off-shore well. Service
 20 'opérafions'in wéﬁer dépths ex¢eedihg a few hundred feet are
generaily lperféfméd from a floating; sémi-submetsible_
plétfofm, or fiom a ship,'éupportea by bubfénéy aﬁd nbt from
the sea bottom. in_such opératidns, a mériné:riéer connects
| well heéd 'eqﬁipmeht to a surface 'faciiity to ﬁfovide a
25 stable conduit thfough which the production or work string
ié 'extendéd and prddu5£i;ﬁ fluids are EonveYed to the

service vessel.
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5 production platformwhich is fixed to the ocean floor, but a nore i
difficult ~probl’'emis presented when the water depth is so great that the <S§5 '
surface facility nust be floating and thus subjected to the effects of

waye-i nduced heave and swell forces. 10 Present net hods for
detet m ni ng the.position of a suspended tool involve neasurenents of

surface displacenents of the work string ang-nonitoring tension and

hydraul i c pressure |evels. Topsi de neasurenments of work string

di spl acenent and.tensi @he ayabtnenirdisead| #nd nwdekp sir ity deanaoed widiistand
because of the inherent "stretch” in the long work string and because of
frictional bi cdmpgesstiorenloadingr kand sthemgfoxed must | becsupported under
Hydraul i c pressure neasurenents nay be anbi guous w t hout specific

know edge of temshione akjutheewatest iSunfacedter prevenityv €qddaAnsens. Thds is
Tensi oner systens have been devel oped for off-shore production activities

t o conpensat eef§ilyavecacaempdishede dﬂﬁﬂlfaﬁhelnﬁﬂﬁégﬁ% FRHL LY | 08I n@

service vessel. Conventional tensioner systens_have commonl ed
hydr aul i ¢ 5conpERIRGEA@N \RLatfaEm Wil ﬁirxﬁgbg@stFS Pﬁ@a%/li L§L§-r°°§rrd by 3,

s st gr AP EPREChY o L Yoo i 68 B EAE HAERA so
POk SIS, ope SR R G Tyt Sc S EhES SR S BH BRSPS e
S0, LS HBTREY EBT e R Sor ' AR ERIEN SRR OB i)
' forces. o

~ 10 Present methods for determining the position of a
suspended tool involve measurements of surface displacements
of the work string and monitoring "tension and hydraulic
pressure levels. Topside measurements of work string
- displacement and tension may be unreliable in deep or
15 deviated wells because of the inherent "stretch" 'in the long
work string and because ef frictional binding between the
work' stringl and well |casing. | Hydraulic pressure
emeasurements may be ambiguous without specific knowledge of

" dothole'equipment settings and/or relative positions.
20 - .Tensioner systems have been developed for off-shore
production activities to compensate for wave-induced rise
‘and fall movements of the floating service vessel.
Conventional tensioner systems'heve commonly used hydraulic
compensating'cylinders connected by cables to the riser and

25 to the traveling block which supports the work string.

The heave compensator apparatus attached to the

work string is set to maintain tension in the work”string



‘}.bnot engaged with the packer because of binding engagenent between the
WoEk string and the riser and/or casing. | n -anot her instance, when a
pagker is set and engaged against the bore of the well casing, the service ¢
seal tool may be |anded in éengagenent with the packer bore during a e
formati on 10 charging operation. It is essential that -tension bex?
maintained in the work string - for-4protection against conpression

| oading to which it would be subjected because of the rise and fall of the

fl oati ng 8edvitee prawent itgusaldapaavehighpwpsdtorbeppapactedt ghadd wor k
string is set 15 to majntain _a positive level of tension in_the work

string. THBenH@XK: (Hfer B9t HEABESY i SRAMREPRFHPR | 4P8A NG -dephhBBARIBpIN he -

LoDt bl it tig " WS RaE Bk e S b, 2o
b d f [ : | |.xed I d ' f, th

DT e S L5, AL TRyl FRATEAE, FRRAERS, BT ™

Sur 11,2 A5 AR iR 0l oSt dabadE B RHRAS! Wiflachegd .

to 25 |impbtyRYRMHe Ohokhe s‘s@:;iﬁgeahap'tﬁ@ RisRrai dn@PbR0 |Gl 2l | gyrent
of flow passage or sealing surface positions during the service operation.
Al t hough shethesvan¥throe) |wli§i«ie§e?§cléér_tb§ setVidfy vea§abed’ gigemp! ed
somewhat with respect to the engaged position of the service tool and
~downhol e thekboreccafisehel welkl i casingt 'tilg edebvice sSealwtdokt mapy.bd he 5
heave conpensati on apparatus maintains a positive tension '
landed in engagement with the packer bore during a formation

10 charging operation. It is essential that tension be “
maintained iﬁ 'the - work .string. for protection -against
compression-loading to. which it would be subjected because

.of the rise and fall of the floating service vessel. Thus o
~ the heave_compensatbr appa;atus for.the work string is set |

15 to maintain a positive level of tension in the work string.

The mégnitude of.the.positive.tepsion,level is dependent
.upon the length of the_work string. .
_ - While the marine riser is secured at its submerged
end to well head equipment, and the position of the  j

20 submergéd end of the riser remains fixed, the downhole end

portion of_;he work-string is typically unsecured, adcording'
- to conventional practice, durihg a service operation and is
free ﬁo reciprocate vertically .in  response - to heave
_movements.of the service vessel. However, it is desired to
25 limit movement-of_the service_tbol to maintain established
alignment. of flow passage or sealing surface positions

- during the servicé operation.

1
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l'evel in the work string. Because of the decoupling effect referred to ‘;~
-rangé " of ‘vessel notion can be accommpdated without
tyiggering the heave conpensator. That is, the position of 10 the |ower

end of the.work string and the attached service tool renmins essentially
untesturbed within a certain range of vessel excursions. However, once that
range i s exceeded, the heave conpensator appar at us is triggered. and a

strong lifting force is applied to the uppér end of the work string. 15

qhe magnitude of the 1hithBa horeﬁeapnlah% | 8nBNCsALE RbULRBNtRY oifietne

heave conpensator

ctly proportional to the magnitude of

triggering hegypyiQecreddty ey eP/qubis &ngedi §8MERRAENGY yréapee:texwr ghen

in the heave conpensat or draw worKks.

such occasions, the |ower 20 end

of the work sé¢hgagedl Pusitidnt bE athecashwiaresi teolocdnd s dowtitwle packer
reci procated violently upwardly and out of the desired zone of coupling
engagenent bebsesasehofsethecdnherersnd"steepehkerin the workswstringhethe '
service operation is interrupted and it then becones necessary to

re- establ 5sh Réavee chmpensiationl iapparafauensaineinsenat RessdriNe e tession
and the packer and to verify that in fact the desired engagenent has been

achi eved.
sel ecti ve,

levelt insthehsioxkoSErifig obj ect of the |nvent|on to prOV|de

positive restriction o | ongi t udi
ﬁhlch al l ows a downhol BeS&uFEe O é%??ﬁﬁixh t%gféﬂ ?Ere t&Pn@ q
e mpositioneg  Sange 8¢ mvteessel D1 E5ELS5 Han | 68" SLemhBRALE® winout
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triggering the heave compensatbr. Thaf is,'the pesiﬁion of
the lower end of the work stfing and the attached service
tool remains essentially undisturbed.within a certain range
of vessel excursions. However, once that range'ie exceeded,
the heave compensator apparatus is triggered ahd a strong
lifting force is applied to the upper end of the work string.

The magnitude of.the lifting force applied to the
work string by the heave compensator is directly
proportional to the magnitude of the triggeiing heave force,
thereby producing aweorrespondingly large excursion in the
heave compensatorldraw works. On such occasions, the lower
end of the work string along with the attached service tool
is suddenly reciprocated violently upwardly and'oﬁt:of the
desired zone of coupling engagement between the service tool
and the packer. As a result, the service operation is
interfupted”and it then becomes necessary'to re-establish
the desired coupling engagement.between the service tool and
the packer and to verify that in fact the desired engagement

has been achieved.



egui pment. Another object of the invention.is to provide partial
gtriction to longitudinal novemrent of a work string which will
activate the notion-conpensation systemof 10 a floating service vessel so ¢
t hat ocean heave or swell does not cause excessive |ongitudinal exeursioqg;‘
of a downhol e service tool attached to a service string which:is supported”

by a floating .vessel. The foregoi ng obf&cts are achi eved according to the

15 present invention in a first preferred enbodi ment in which a | ocator sub
carrying a plurali & ofStoddereserRes a8 cobpeel iaf stheesireeation wiah
downhol e prodycgtion tubing. The anpul ar | ocator ,rings are spaced. apart by
a di stanc rﬁﬁggﬁ c§ Y& wiRPS %ﬁfiﬁe%ﬁﬁiﬁ£iﬂﬁ | &@at HORgigrudinal

assonsl y mPeSREn, ek o8 y¥ A End b h RELoWE: v caOwiRel o i e
' ' i1 LRl PR T | I bl g fixed
annul ar cPPh Ahackel | 1B PEne B0 stea REHE PoR e R ot

9r°°V§$ apsf&a&%ﬁg 25 kasbﬂ%g%bﬁewaibgaEthEe Cﬁéi%%i§8b 4, nhole

sel eclively engaged by a resilrent rib carried by the novable collet."Tn
this arraggadpment.t he position of the fixed -7- collet relative to the
first operating position of the service tool is pre-established by the
length of the col | anctHermnGEfEgt | TE SWhey iWviertidn | it tashaskbdwidde
service tool. =~ The fixed and novable collets are resilient and5 deflect

i nwardly parthelworkestiriictjors tonelohgitndigial henovement of a work

string which_ﬁill actiyatg;the motion-compensation system of
.10 a fl;ating_éervice vessel so that ocean heave or swell does .\J
not_caﬁse e#céssive longitudinéliexcursions of a downhole
service tool aﬁtached to a service string which is supported
by a floating vessel. |
The foregoing objects are achieved according to the
) 15 present invention in a first preferred embodiment in which a
locator sub.carrying_a pldrality.of locator rings is coupled
in series relation with downhole production tubing. The
'annulér locator rings are spaced apart by a distance which
qorrespdnds with specific operating locations of a downhoie i
20 service tool such as a service seal unit. A collet latch
_assembly. is connected to the work string between the
downhole servicehtool_and the tail pipe. The collet latch
assembi? carries a fixed_ annular collet and a slidable
_ annﬁiar collet. A pair of detent locator grooves are formed
25.in the sidewall of the collet sub and are sélectively
- engaged by a resilient rib_carried by the movable collet.
Ih .this érrangement, the position of the f{fixed



casi ng. The flexible finger portions of the fixed and novable collets |,
deflect to allow passage of the conpound collet assenbly by each | ocator '
r¢ng. The novable collet is engagable in a supported position within the
fixxed collet, I'o thereby preventing deflection of the fixed collet as the

Wwor¥ stri ng is retracted. Because of the_prLe-established fixed spacing
di stance of the fixed collet relative to the service tool, the sealing

services and tiodletasrajetistle t ko Sehwi Ceitse! @ﬁ@ré’@ﬁh?i Pes ex8at | ¥yrasthe
desired for carrying 15 out -a service operation. Wien il i's desired to

reposition theexordecetdabl isi prerestabl iisheidhdyatheerlémgthr bY e argiiley
service operation, the work string is |owered through the casing which
draws the heasuporandreadplimgnsubbby ediilclt ittis 28ttaghednent thid Isdheice
top side of the annular locator_ring, thereby preventing its further

di spl acenent t&9d-al | chReg fotrd nand dpavable ncobhehs odreherdsikientl |atd
and work stri g%; The, work_string slides relative to the novable coll et
which is el dIfdHeRtarimWarRlRng8gdhamtwerk | 65rhagd 135 kwered ®hroughe the
| ocat or ring. Movenent continues jtglt.il he novabl e coll et engages a stop
mermber f or ned “8% 'atta@ﬂ%d #’f RolfiRgey pportiong sofostheonfixed and

rovab e coll chebbne SHLLAER MSEReEl Il B For SRR SR AL erihuns
IR P eV B LA R A S LG
l'ocator ring. engagable in a ‘supported position within the fixed collet,
(L 10 thereby preventixig deflection of the fixed collet as the
| w'or':k string 1is retracted. Be'cauée‘ of the pre-established
fixed spacing distance of the fixed collet relative to the
service i:ool, the sealirig services and flow passages of the
service tool are positioned exactly as desired for carrying

15 out'.a service operati'én. |
When it is desired to reposition the servicé tool
with respect to the packer to cérry out another service
operation, the work string is 1o§ered through the éasing
| which draws the ‘head portion of | the movable collet into
~ ._2'(.)'_hen_g'a.gement with the top side of the annular locator ring,
thereby preventing its further displacement and .allowing
continued downward movemen£ of the fixed collet and work
sltz.'ing. | .The wbrk‘string slides 'relative to lthe movable
collet which is held mdiﬁentarily by engagement of its head
2'5 portion with thé locator ring. Movement continues until the
movable collet‘engages. a Stop member f_ormed on or attached

to the éollet sub. In this position, the movable éqllet and
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e work string is retracted upwardly through the production tubing,
Nead portion of the 'novable collet
4l ocator ring. This nmonentarily halts vertical displacenent of the

nnva-le 10 col let, but permts the fixed collet to be drawn into 9
I ng engagenent wi th the novabl e collet. Resilient fingers on the™"

support

novabl e coll et deflect to permt its bgssage through the second | ocator
Furt her nmovenent of. the work string is halted as the | ower end of
the novaphg ¢akledt cﬁie@gaﬁQScbhpltertéqg: Fegtated, tHe thued +o@ Wrk s
into engagenment with the underside of the second annul ar | ocator
Tserihgpancthien betretracted hephaxélly cthreughothes pruductdant | v

ring.

brought
ring.

w th the displacenent. distance of the service tool as it noves to its

second
parti al

col | et

obtebiahgonawiphsithen.reilient fingemnpalrtdonst | o€ etibedifiered

Is drawn into engagenent with the

restriction to |ongitudinal novenent and sel ective positioning of a
downhol ecediletcdeflechingpdananstiphyta @dsiaw opasgageb dfavihg «dllett i ng

mount ed for reciprocal novenent relative to the sub. = ‘A radi al

shoubderwithnsespecthd3he dikst lefatar Eénget sub bl ocks deflection of
fingers in.a supgorted p05|t|on of the collet with the result that

col | et

when t he work str

ke work-t 88ripge jss'upEGFFé& ed _upwapdl it 1lﬁ’ﬂﬁ‘%ﬂi-‘gi'hgages

pos (1 orEBP. Sﬁséévsge%%ﬁ#u%#%ﬁié%ﬁ RfedorRoct Ry S origia LalGEAPLS

di spl acene

li-mted 59
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This momentarily halts vertical displacement of the movable
collet, but permits the fixed collet to be drawn -into
supporting engagement with the movable collet. Resilient
fingers on the movable collet deflect to permit its passage
through the second locator ring. Further movement_of the
work string is halted as the lower end of the movable collet
engages the fixed collet and the fixed collet is brought
into engagement with the underside of the second annular
‘locator ring. The displacement distance of the fixed collet

corresponds exactly with the displacement distance of the

- service tool as it moves to its second operational p051tion

20

25

In an alternative embodiment partial restriction_

to longitudinal movement and selective p051tioning of a
downhole service tool are provided by a positioning sub
having a floating collet mounted for reciprocal movement
relative to the sub. A radial shoulder formed in the
sidewall of * the collet sub blocks deflection of collet
fingers in a supported position of the collet ~with the
result that when the work string 1s retracted the supported

T;eﬁlis wéfintosghga%emen'“ﬂf¥ éonéQ b%@to collet

S



bS/ an.annul ar collar which is nounted for rotation with the collet =
assenbly, ‘with 'the pin being received in a control slot formed in the ;
external sidewall surface of the collet sub. The pinis constrained to N\g
travel along vertical and 10 sl anted surfaces of the control slot, wth the
anmdl ar col lar rotating in response to nov nt of the pin along a slanted
sl ot surface. By a sequence of reciprocal movenents of the work string, the

suppor t od by TRLLBLHESy | EABebes fheDOde:d Tolde e ah el 61, 108}
head i Ld@sth it | d
posi thon i wFiag- | BBk By, BetablIBHc O MK g Mos1 100 2BE pervice

permt passaggo8i therfikb@abyndheohiork 'tdye . to the locator ring as the
work string is retracted 20°to position a service tool to a new operating

position. The service Loagitwudipad bydisplaeemest’ i f i SthBer &fd¥le string
accurately positioned with respect to other downhole equi pnent, for

exanpl e aspackelatioe per fuheri fipattingpusoiteti ¢s Aevididd iy #5pin carried
O her objects and advantages of the present invention will be
appreci at ed byyt Bnsanskillareccoklahewhichupsnmouadiedg ficre metatien with the
description which follows with -10- reference to the attached draw ngs,
in which: Fi gtekleti asgemblywatwbthl theevpitn Peing -receivedi Hne aecontezol
platformfromwhich a marine riser and a_service string are yieldably
coupl ed by a $:pki Seemedsskmpihe external sidewgliesuzface of \the, collet
partially insuks:?Ct iTci'?e %.’Tg is constrained to travel along vertical and
o/ 10 slanted surfaces of the control slot, with the annular
collar rotating in response to movement of the pin along a
slanted slot surface. By a sequence of reciprocal movements
of the work string, the floating collet is méved from a
first position in which the collet head is supported by the
15 annular shoulder on the collet sub and with the collet head
éngaging the under side of the first locator ring, to a
second - position in which -thé collet is unsupported and is
free to deflect to permit passage of the floating collet
relative to the locator ring as the work string .is retracted
20 to position a service tool to a new operating position. The
| service {:ool carried by the work string is therefore
accuratelyl positioned with respect .to other downhole
equipment, for example a packer, for performing various
service operations. | | |
25 Other objects and advantages of the present
| invention will be appreciated by those skilled in the art

upon reading the detailed description which follows with
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elevation, showing a typical well installation using the present invention
ﬁﬁgam/a productlon packer; Figure 3 is a viewsinmlar to Figure 2, ° '
%ﬁat|ally in section and el evation, showi ng the positioning apparatus 10 of <
the invention as it is brought into engagenent with an annul ar | ocat or tz-
ring; Figure 4 is a fragnentary enLarggQ)V|eM/shomnng t he positive -
I ndi cator colilet assenbly in | atched engagenent with a locator ring; 15

Figure 5 féf#bﬁ LEVEL BHEl a\&‘t%\ﬂhe%a?ﬂéﬁig{%% 4 Uhidh; Lhe positive

I ndi cat or atch sub of Figur sectional view of the

novabl e coll et nerpegueBowg | ndi gane alebb84bRal | Vidw Oopl ag Visgwiaf the
novabl e coll et 20 asSenbly shown in Figure 6; Figure 8 is a sectional view

of the figesnéPsivleasaewiice PrawFdrm Mirm Qvtﬁcﬁ:l&l&ﬁérﬂnésrisbepaﬁha% vi ew
of the fixed collet nenber shown in Figure 8; 25 Figure 10 is
an. el evaiéephnpte stedng pzet hielidadscidoupledfby ca tmspdmeat aBgempQd ltlve
I ndi cator |atch assenbly according to an alternative enbodi nent of t
i nvergion; Figure Eigusea,2eci§onavieﬂewtakparhﬁamgythénlisestdanIandXI of
Figure 10; Figure 12 is a perspective view of a collar having 5 pin
menbers . veiematim,vmshﬂming a| typioededwel 1 hiimsted abiomr Ltsidrgvartheof
the collet sub shown in Figure 10;

present invention below a production packer;

Figure 3 is a view similar to Figure 2, partiaily

in section and elevation, showing: the positioning apparafus
10 of the inventioh.as it is brought into engagement -with an o
annuiar locator ring; _

Figure 4 is a fragmentary enlarged view showing the-
positive indicator collet aSsembly in latched  engagement
with a iocator ring; |

15 .. Figure 5~is an elevatiénal view, partly in section,
of the positive 1ndicator collet: latch sub of Figure 2;

Figure 6 is a sectional view of the movable collet

member shown in Figure S; -
. Figure 1J1$ a top plan'view of the movable collet W
20 assembly shown in Figure 6; | ' '
- Figure 8 is a sectional view of the fiXéd collet
~assembly shown in Figure 5; - |

.Figure 9 is a tbp plan- view of the fixed collet
member shown in Figufe 8; | ' _

25 . Figure 10 1is an. elevational wview, partly in
section, of  a reciprocating  positive indicatof' latch

assembly according to an alternative embodiment of the



ngure 13 is a devel oped plan view of the J slot shown in Figure 10;. and,
Fi gures 14A, 14B and 14C are el evational views, 10 partly in section, of ¢
the positive indicator |atch assenbly shown in Figure 10 with the novabl eQ*
collet received in a restrictive coupling engagenent with a |ocator ring
carried by the production tubing. In the description which follows, |ike
parts are 15 marked throughout the specifiedtli-on and drawi ngs with the same
reference nunerals, respectively. The drawi ngs are not necessarily to scale
and the proporiavgRtiencertain parts have been exaggerated to better

il lustrate details of the present invention. 20 The reciprocating
positive indicator |atchligesendly i& amechiemt viewi stekenstalarg tiel lines
described with reference tgQ a,sem -subnersible of f-shore service vessel 10,
t he general f L?F%S‘O*Imﬂ?cﬁi%éei LQéstrated in Figure 1 of the drawi ng.
The sem -subnersible of%-shore ce vessel 10 25 includes a platformfor

mai n deck 12 support ed g‘éﬁﬁcégeg‘\é{ﬂ IE’?ESE%‘?EH'NE !ﬁ?wlefaﬁg aichanthaving
18, 20. h ' IS .l : [ /i

10 Zhosi tTon 41 (ESRLER Syndch' 3146 WiLALE A | Z‘agggﬁ?fo%éwifév' | ckhe
he hulls 18, i L4 1 t 12.

capaci ty'r ovolbibutdl Sidga1lYogtLidltoler Bublirblh 4R Eikfire A4 O
handl.i ng heavy 5 equi mréuq@ a&aabbgweql%e%%%ggés(ﬁ@é tﬁfea(ﬁk'slota‘

service derrick 30 is nmounted above a noon po
shown in Figure 10; and,

Figures 14A, 14B and 14C are elevational 'vi:ews,

-~/ 10 partly in section, of the positive indicator latch assembly
shown in Figure 10 with the movable collet-received in a
restrictive coupling engagement with a locator ring carried

by the production tubing.

In the description which follows, 1like par{:s are

15 markea throughout the specification and dfawings with the

same reference numeréls; respecﬁive'ly. The drawings are not

necessarily to scale and the proportions of certain parts

“have been exaggerated to better .illustrate details of the
present invenfion. | | |

20 The reciprocating positive. indicator latch assembly

of the invention is illu'str'ated'an_d described with reference

to a semi-submersible off-shore serviée vessel.' 10, the

general features of which ére illustrated in Figure'.l .ot_‘ the

drawing. The semi-'submersiblé offfshoré service vessel 10

25 inclﬁdes a pl"atform for main deck 12 supported by spacéd

stability columns 14, 16 and buoyant hulls 18, 20. The

service vessel 10 is illustrated in a submerged service



e{ed in a central part of the platforn112 Supported internediate the
Gggzn pool and the derrick is a pipe handling platforn134 whi ch
Fudes a rotary table 36. A 10 traveling block 38 is suspended by cabl es
40, 42 for reciprocal novenent wthin the service derrick’ 30- as 7
i ndi cated by the arrow 44. The cable 40, 42 are coupled to draw works and™ -
t ensi oner apparatus for naintaining~an§jon_Ioading on a work string 46. 15
The sem -subnersi bl e service vessel 10 is stationed above a production site

48 in wpcdividn Hendaehddyreof Séater @zheddedbulbhre twekkeshezd, 26 %
equi pment 50 includes a conventional BOP, having upper and | ower st ack l
sect | onsintercdmmedt the dedlsols s oR0eqthpretiabilithhacolbutns si4i,ng646 20
extends froma |ayer of produ0|ng strata 52 (Figure 2) through the well
head equamgirebheardeck Re pi pe lange i agpprityormedilwinrg ecirenes 2®ndect ed
to the rotary table 36 by rotary coupling apparatus 52. The work

string- mmmg ed e} o0Re wistiden 8fnakhee deckr 1R r ifioy shandiiag i beavytring

25 54 is connected at its lower_end to . the well head equi pnent 50 by a bal
oinb aTHPYERE. SHRD, Ak aenaiew-pné (PEEYeRERFG(BIF) ¢ TeRpked |8

L3 ek OLEL, AR Y fel SLERSUM SRy 40hBh el “BnBSHAL B2 1 cor
1 LoPBRIGR b VR SAAEHEY IR B e o e
of the tfﬂ@éﬁﬂ&dfat&' NEnBRYmBenaS pdda afa*othe Saek?dlk 'i%ca‘ésepipe
handling platform 34 which includes a rotary table 36. A
10 traveling block 38 is suspended by cables 40, 42 for o
. reciprocal ' movement within the service derrick 30 as
. indicated by the arrow 44. ‘The cable 40, 42 are coupled to
draw works and-tensioner apparatus for maintaining tension'
loading on a work string 46. |
15 - The semi-submersible service vessel 10 is stationed
above a production site 48 in which well head equipment 50
is ‘embedded. The well head equipment 50 includes a
'conventional EOP; having upper and lowerlstack_sections in
'related sub-sea control equipment. The _work__string 46 \
20 extends from a layer of producing strata 52 (Figure 2)
”'through the well head equipment and to the pipe handling
'platform 34 where it is connected to the rotary table 36 by
rotary coupling apparatus 52. . The work string 46 is i
enclosed within a marine riser string 54. The riser string
25 54 is connected at its 1ower end to the well head equipment
:50 by a ball joint assembly 56. _ _
The upper end of the riser string 54 is coupled to



the riser string 54 cannot withstand conpression |loading, a lifting for
is applied to tHe upper end of the riser string to maintain tension Io.ﬁﬁﬁo
isn the riser to prevent 10 its collapse. The upward lifting tension folce
is transmitted*to the riser by a plurality of cables 60, 62 which are
di $posed in reeved engagenent with sheaves 64 and coupled to a tensioner
assenbly 66. The cables 40, 42 which reciptidate 15 the traveling bl ock 38
are al so coupled to tensioner apparatus such as the tensioner assenbly 66.
The tension |thei mptany i sabde t e Jayt kasthekrparPidir sddlp theinbbl=s wbich?
is preferably divided equally anmong a plurality of such tensioner
assenbl i es 66Permiks YSH§FGﬁér%%E¥§ﬁﬂ ns; o NP9} ViR cbehabivgaép the

equilibriumconditionsg, wll allpwrelative notion between th iser, and -
t he vessel, aHHPﬁEtﬁéénagu;%%SE €&n 4tﬁ§\ﬁ5§9@9§%?§? WaheeT ycquggpve

DT 8 Bl R M B i
response™t o riie MAVEATRRRr Rt ey o PRECAI Pafpketaigllior tne

appr eci at ed t0g eLRBEUENSIANA FAPPERS UL MR adS! £6CEEAl focondl Hobhee

apply a strong retracting forc the work string which displaces the

operational pgpbt rdBe?’ sEEBIYiSE EaﬁhOQSWQHﬁﬁﬂaﬂatdbﬁﬁ%bé%@b@flbﬁﬁiﬂgﬂra

string as 5 illustrated inFigure.2. In Figure 2, a typical grave
pack servicelifting force is applied to the upper end of the riser

string to maintain tension loading in the riser to prevent

o 10 its collapse. | | |
| The ﬁpward 1iftin§ tension force is transmitted to
| the'riser-by a plurality of cables 60, 62 which are disposed
in reeved engagement with sheaves 64 and coupled to a
ténsiéner assembly 66. The cables 40, 42 which reciprocéte
15 the traveling block 38 are also coupled to tensioner
apparatus such as.the tehsioner assembly 66. The tension
loading aéplied to the work strihg 46 through the cables 40,
42 is preferably divided_equal}y among a plurality of such
U tensione:' assemblies 66. The tensioner assemblies, when
20 acfivated and under equilibrium conditions, will allow
relative motion between the riser andl the vessel, and

between the vessel and the work string.

The lower end of the marine riser 54 is secured to
~ the well head equipment 50 by the ball joint 5%. The work
25 string 46, on the other hénd, is typically unsecured during
a service operation and is free to reciprocate vertically in

response to heave movements of the service vessel. It_will



openation is illustrated in which a cross-over tool (service seal unit) 68
,'nded within a packer 70. The packer 70 has mechanical ly*-"or -
df-aul i cal | y-actuated slips 72 which 10 set the packer against the inside
di anéter bore 74 of a tubul ar well casing 76.. The service seal unit is ~.
coupled to the packer while a gravel slurry 78 is punped through the work .
string 46 and bore 80 of the service topl 68 through |ateral flow passages

82 which intersect the sidewall of the 3% tool 68, and which communicate

70 'Tﬁéeé%huﬁ‘éﬁi’%ﬁf%é%}ﬁf%w FhE1R8E . CrDRBRERERECorRRy | WAL |
e oo spRiRafdodklEbad1C ol 07kl IR fgeéxp%e%?ea

purped theeROsHAHSr ahitens d:@@pi@éé?dt'ﬂf% [oGePae8haL ﬁ s{:he 8] beoap! N

It can be seen that close tontrol position ce t oo

68 Wi thi nsépeiber &cl t b8 RAHethed t§ enscnddd! fOtﬁer W s‘c?:%n lydy

service operation. 25 Accur ate p03|t|on|ng of e servicé tool 68
wth sesptllqurahedpamk@ﬁgﬁkécnacconnndate vari ous serV|ce operations is
provided, in a first preferred embodiment of . the invention, by a

reci procating posi Tnve Figlireto2,| atah tgptobly Yramelch p&cﬁonMﬁ%e n
series with the work string 46 at a point below the service tool 68 and .
packer 7ooperahiofi ésadddmghnated tnIwhxcbrasoboss-oaerytogla(5enﬁmmal|ty
of annul ar | ocator shoulders 96,.-98 and 100 is connected in series

i nt er medi 3¢alt HBitdwd8 che danded widhin 7@ packene 7or eebheOpackert Higs

_arrangeneg;s h@%h%%ﬁ%% &;ﬂﬁ)or hydraulically-actuated slips 72 which o
10 set the packer against the inside diameter bore 74 of a ~
tubular well casing 76.. The service seal unit is coupled to
the packer while a gravel slurry 78 is pumped through the
~work string 46 and bore 80 of the service tool 68 through
lateral flow passages 82 which intersect the sidewall of the
15 tool 68, and which communicate with lateral flow passages 84
which intersect the sidewall of the packer 70. The annulus
86 between the casing and the production conduit 94 is
sealed above and below the producing formation 52 by
- expanded seal elements 88. The annulus 86 is filled with
20 the slurry 78, ‘which is pumped through perforations 90
formed in the sidewall of the well casing 76 It can be
seen that close control of the position of the service tool
68 within the bore of the packer 70 is essential ‘to carry

out the slurry service operation. '
25 " Accurate’ positioning of the service tool 68 Wlth

respect to the packer 70 to accommodate various service

operations is provided in a first preferred embodiment of



T

The annul ar locator rings are located at two 10 stations designated CF a
CR which correspond with service tool stations SF and SR, respectively.
Wien the |atch'assenbly 92 is engaged with the [ocator ring 96 at |atch
starion CF, the.lateral flow passages 82 of the service tool 70 are in
comuni cation with the lateral flow passagegs84 of 15 the packer 70 whereby
t he annulus 86 and the formation 52 can be charged with a service fluid _
such as gravelkhsl uinyenrgionft &by tderecliprocedtimgntpgsidrisder tnfdealteen latch
conpl eted, the bore 80 of the service tool along with the work string is
pressuri zed wessegibdah- 83t which tisr aanneciedxdassserdesy whtht othéearork
the work string bore. This is carried_out with the sealing surfaces 104
carried by th§%§é-|n\ﬁ ck6t 88 2rBeirt hedewh the §©FV§ﬁeb&°@%of5$ handamesgker

e 0 | A o) £ RS S LE5chERS. S Fed Doy
Pt or modi St e BRSTRRNEY o 0F nAR 4T o LIGPEC: PHGHLAPTR Ok oPBandli 10Pyiis
the service t GERnSSHeH A Aetids [fte ShetidRacther LoPEE eA” ptn ey paee
206 whi on 570 SR Yebddn SET, Mo EnfTRPLRHAGRRRE, LRRCHSRREEID sl
tool 68 and thg ha%tﬂfgfgnﬁ}dggfoﬁ%%ﬂé 5Pba6EL 288 AbY ndOGn Yenfins

fixed annular col
downhole. The annular locator rings are located at two

is a per manent addi.tion to the production tubing and remai ns downhol e.
IE > ;
L’

— 10 stations designated CF and CR which correspond 'with service
tool stations SF and SR, respectively. When the latch
assembly 92 is engaged with the "locator ring 96 at latch
station CF, the lateral flow passages 82 of the seri}ice tool
70 are in communication with the lateral flow passages 84 of

15 the packer 70 whereby the a:in‘uius 86 and the formation 52
can be charged with a service fluid such as gravel slurry 78.

_ After the well treatment procedure has been
completed, the bore. 80 of the service tool along With.the

o work string is pressurized with clean-out fluid to remove

20 excess slurry and to clean the work 'stringl bore. .This is
carried out with the sealing surfaces 104'.carried by the
service tool engaged within the pblish bore of the packer
76, and with the lateral flow éassages 82 of the tool 68
positioned generally at station SR to admit the flow of

25 clean-out fluid.  The clean-out fluid is circulated
downwardly through the annulus ‘intermediate the well casing

and the work string, with the clean-out .fluid moving in



annular collet 110. .The fixed <collet 108 is rigidly attached to

\t.ubular collet sub 112 and includes a 10 plurality-of flexible
2gers 108A.  Annul ar index grooves 114, 116 are nachined into the ¢
- eXterior sidewall of the collet sub 112. Traveling collet 110 is’ provi dgd
with a flexible finger portion 110A having a knuckle portion 110B.received-
in detented engagement within index grodée 114. 15 According to

o0 o o L el Byl I i,
A siagriaiimgsabd gt el
f9i6na2rt_hg vvo:‘)k strhﬂ%ﬂg xad 2 %BP%Ug ? tgcas:c%g %gi i’lﬂle iﬁ Jf%‘# .
of 'the conpioAPRagelf BLCE <§@fé§ch‘3%§%§t S S Genbly lrdR ﬁﬂf&?g

movablge cgll ebﬁ&%xeq]m&ww% bk s Br L4 séweéheea%da%wdi 120

whi ch |s receive i n-an ann ar pockeét 122 lying between the T ex |l e

finger potbbangs mﬁ7tn@%ﬂlﬁ?%§€ gbdevarheOotohpoundl (el 1gh a’ls1§embly n
this position, the stepped sho portion 120-supports the end

flexible Lbsgecat®@ésagai ngixeddi ahndihkecébbletWi 108t hend esall tsH@ébme

end of the flexible finger portion 108A 5 bears against the annular

| ocat or ahngla®t celdetopiases further fiped d coldastentl o tise WokdidYy | ng.

That is, the presence of the stepped shoul der portion 120 in the
attached to a tubular collet sub 112 and includes a

10 plurality of flegible'fingers_lOBA.- Annular index grooves ~
114, ils are rnacnined into the exterior sidewall of the
collet sub 112. Traveling collet 110 is provided with a
flexible finger portion 110A “having a knuckle portion 110B
received in detented engagement within index groove 1l1l4.
15 - According to this arrangement, the position of the
fixed collet 108 relative to the first operating position SF
of thelservice tool 68 is pre-established by the length of
the collet eub 11'2 and coupling - su_b 118 by which it. is
attached to the service tool 68. The resilient finger .\;)
:20 portions 108A and 110A deflect inwardly in response to
engagement with the locator ring 96 as the work string 46 is
_lowered-through.the_casing 76. The flexible finger portions
of the fixed and movable collets deflect to allow passage of
the compound collet assembly by each locator ring. -
25 _ - The movable collet 110 is provided with a radially
~stepped shoulder portion 120 which is received within an

annular pocket 122 lying between the flexible finger portion



ihternmedi ate |ocation as depicted in Figure 4 prevents radial

“deflection of the flexible finger portion 108A of the 10 fixed collet asfl =
the work string is retracted.” Because of the pre-established fixed 2>/
.spacing distance (S + L) of the service tool relative to the fixed collé€

t he~seal i ng surfaces 104 and the fl ow passages 82 of the service tool are
positioned exactly as desired for carrying~dlr the 15 gravel pack service

OO S bgibhaoEhG "l e ob S iR, e e
tce. hf‘r"]'?ﬁ i‘?%eéiﬁﬁ&fi%%} flfsﬁ?fﬁé’éfééé’ %iﬁﬁﬁiﬁsﬁﬁ Pf?&“*?n{oﬁhsﬁééi‘\gsﬁgfah?f' ;feild'
t her eby pr eve%??%g%b%rf%eggﬁi ggpg‘ce%% an&%waé@kg%%%?%ﬂéq &\%ﬂ\_’/\%ed
ol ative fo t RSSOt ERr, g G (gt L chg ! F1Bk e P EnNRE RnFE L e

head portizon st at ri ti :
s0n Beards %@3&&0 e I iadhulMy eRa !t idiuRp Wi i laddre dypedds

portion 1 e coll et engages the - 18- ["ocat or detent

groove 116 angurhderofugratdemevemendd df ngRe WHYk eoERORg.t herhaved sf,adthe
of box 126. The anount "of displacenent during set-down and the anpunt of

vei ght that i presendemn off nohet ostdpped gabgeider 5 pewbionovaeoundinng the
desired locator ring. Upon detection of engagenent, the work string is
li fted upwar diagermedichtehe locatpion t &b cdepdictied noned Riggpire heat | gosvents

e A radial deflection of the flexible finger portion 108A of the
.k/ 10 fixed collet as the work string is fetracted. Because of
| the pre-established fixed spacing distance (S + L) of the

service tool relative to the fixed collet, the sealing
surfaces 104 and the flow passages 82 of the service tool
are positioned exactly as desired for carrying out the

15 -gravel pack Séfvice operation.

Whén it is desired to reposition the service tool
68 with respect to f.he packer 70 to carry out a second
sefviée qperation, for example a reverse flow clean-out
procedure, the work string 46 is lowered thfough the casing

20 ?6 which draws the head portioh 110A of the movable collet

into engagement with the top side of the annular locator
ring 96, ﬁthéreby' preveﬁting its further displacement and
allowing continued downward movement of the fixed collet 108
and work string 46. The work stting slides relative to the
25 r_n;sVable collet 110 which is held by engagement of its head

portion against the locator ring. Movement conﬁinues until

the knuckle portion 110B of the movable collet engages the



sudden reduction in indicated set down weight signals the engagenent and

pasgage of the latch assenmbly through a 10 locator ring as the work .string
owered Li kewi se, a sudden increase in indicated tension |oadi ngl,

al s | atching engagenent of the fixed collet against the |ocator ring..
As a result of this displacenent operation, the 15 novable collet ,110 and"
the fixed collet 108 are conpletely separated so that the work strlng can
then be retracted upwardly through the gébductlon tubing, with the

alTow 'Szé%é%j%@%% P%ft%n%{gs% 1 nd | 260 oob Sk, H5L BokaRB A lgk 10
at statiop ég q#g cwdr NEade 5f$5?£ ﬁgsupmardly through t he
t he hea

productlon tubln portion 110 movabl e collet is drawn

Into engagenent Wi tphel hondiaeonge! ageba@cad&xt%ﬁm%aééeﬂd% ahde tHwabl e

collet 110 is held in place as the collet carrier s 112 25 conti nues

upwar d ‘nosmsaat, offukeight fthdt xbsl set | @swd 08s omenitbeedt apaegauiyad day

- menber 120, thereby supporting finger 108A against deflection, and driving
t he tEaveavogdcoMemxunnimg)theadesﬁredgﬂddatduxxﬁmg r|Upoﬁ8deﬁﬂdtﬂomead
portion 110H deflects allow ng passage of the npvable collet.110 relative
to the seofnengagement; nfhes work t 8éringyvamnliftedhapward sagein iand
halted as 5 t he stepped shoul der portion 120 of the_novable collet is
recei ved HhehuRsSURPQIeedt ceidedndls heovedgaastoshher loratoncaingt | eth s

brought. Intgdggg%%%W¥£ightqgrfhggggtealset down weight signals the

engagement and passage of the latch assembly through a .\,J
10 locator ring as the work string is lowered. Likewise, a
sudden increase 4in indicated tension loading signals
1atching engagement of the fixed collet against the locator
ring.
As a result of this displacement operation, the
15 movable collet 110 and the fixed collet 108 are completely
separated so that the 'wo'rk' string c.a'n .then be retracted
upwardly through the production tubing, With the resilient
finger portions 108A of the fixed collet deflecting inwardly
to allow'passage of the fixed oollet with'respect to the
20 first locator ring”at station CF. As the work string is
retracted'upWardly throughlthe production tubing, the head
portion 110H of the movable collet is drawn into engagement
'w1th the second locator’ ring 98 at station CR. The movable
‘collet 110 is held in place as the collet carrier sub 112
25 continues upward movement, pulling the fixed collet 108 over-
‘the stepped shoulder member 150;'thereby'supporting finger
108A 'against deflection, and driving'the traveling collet



of the second annular locator ring 98. The di spl acenment distance L /
travel ed by the fixed collet corresponds exactly 10 with the di spl acenen

di stance of the service tool as its lateral flow passages 82 nobve into
alignment with*its second operational position SR It will be seen,

t heref ore, that .the locator rings 96 and 98 permt mani pul ati on of the work
string 46 such 15 that when the fixed col I<t9-engages one of the |ocator
rings, the operator at the well surface knows the exact position of the
servi ce tool hebdt theoughtthe lesatovl csingnpénentColdret ceeadapoytéon a410H
service operation accordingly. Engagenent and rel ease are confirned by

work string téﬁﬂ-&ﬁt§n51§é’t‘"iﬂ9 RAFFagEE P e Jweakle scohiek 3ie Matt(;rv@d
Sai net & “FocEhS: secondy LosakRRI NG 98 vest 11 ot fon to | ong:tudinal

e oy -t ho 1 S e“f@'*ﬁ@?%ﬁ?‘ts'a’éaﬁ 18 VR " EELRSh R, g EL P
does not gaus?h ,fs‘?e%%&?l QH@&&H%‘:“%O%&HSEQBSQ tRe ﬁ%éz\ébcfetg?i%gg qu

therefore™w | ere Wt onhgol ng~Service oper ari

Referring now. r ﬁ]& e a | 148fes
108, 110, re%%g?glg\k}e%éﬁélgetégsﬁ d@o]ﬁ%g taal ?gﬁ e'fﬁ'}'d"rs1 b 1?56%| §E
provided withfaxag idyigastedi i Brsegﬁecwcol% d&r@faedtﬁexuﬁa@&e%tﬂe
126. The fixed collet 108 is securély fastened to the tubular collet sub

112 by lugs 13§ tHéeseuond capnulagndoddibrr eing 98. The displacement

distance L traveled by the fixed collet corresponds exactly

-~ 10 with the displacement distance of the service tool as its

1ateral flow passages 82 move into alignment with its second
operational position SR.

It will be seen, therefore, that the locator rings

.96'and_98 permit manipulation of the work string 46 such

15'-that'When the fixed collgt engages.one of the locator rings,

the operator at the well Surfaée knows the exact position of

the service ﬁool_rélative to bther down hole components and

can carry out a service pperatiqn 3ccordingly. Engagement

U and releaée ére confirmed by work string tension and set

20 down 'w'eight. measurements which_ are monitored at the well

surface. Additionally; éngagement of the fixed céllet

against a locator_ ring provides a restriction to

longitudinal movement of the work string which activates the

motion-compensating ‘system carried aboard the floating

25 service vessel so that ocean heave or swell does not cause

excessive longitudinal excursions of the service tool 68 and

therefore will not interfere with an ongoing service



carried

by flexible finger extension portions 1105 Preferably,

S &ause of the resilience of the flexible finger 10 portions, the knuckle
E‘ 110B snap out of detented engagement in response to engagement of

3S) blons
the head

portions
strong

obt ai ned.

enough to nmaintain the separ

collet- 110 _w pect. to the fixed collet 108 after separati.on has been'
i {9H]

portion 110H agai nst the annular locator ring as the work-string™
Is lowered or raised. However, the gripping force exerted by-the knuckle v

I n detented engagenent in the ggnular 15 | ocator groove 116
e€d position of the traveling

ortant to nmaintain the separatlon of the travellng

v
S

collet with r_espect éfeéi-iﬁg ‘Eﬂiv} etoasFi%lﬁ: st gl ng7 i S, 20 gwg ént 0
ets n

the production

in turn.
head is

as the legofi at'e the ocator rrngs
Fiddd ”Qa “m&VEBRE! i Be13erEACa gesl atiinve, t%@sﬁée&%f cohl-gt
provid in an alternative enbodi ment” of the inventfon as

i['lustrat %issélnﬁe@reﬁtéo +1%5 ddilef2subliil2 Mich 145 proideC with! B
this assenbly, a reciprocating,. positive indicator-latch -assenbly

130 previ dgireadéd i pinooohnettog 12di anid wirrsdded bde eonkector2i2s.
string and sel ected positioning of the service tool 68 by a tubular

positioni rMthesulfiked heolhgta 108 | &5 mum&necfa’s&eme@qgtom:hml tubuilprocal

novement

relative to the sub.. A radi al shoul der. 136-forned in the

si dewal | - @fok}et caubed 1utby 1ugs? 128ocksThefkauckde @ontdens| 1LoBf Anger

134A when a head portion _134H of the flexible finger

shoul der .

15

20

earried by flexible finger extension portions 110E

Preferably, because of the resilience of the flexible finger o
portions, the knuckle portions 1103 snap out of detented

engagement in response to engagement”ofwthe head.portion
110H against the annular locator ring as:the;work:string is
lowered or'raised. waever, the gripping force exerted by
the knuckle portions in detented engagement in the annular

locator groove 116 is :strong enough to maintain the

separated position of the traveling collet 110 with respect_

to the fixed collet 108 after separation has been obtained.
It is important to maintain the separation of the traveling
collet with respect to fixed collet as the work string is
lowered into ' the production tubing and as the collets
negotiate the locator rings in turn.

Shifting of a supporting surface relative to a

" flexible collet head is provided 3in ‘an  alternative

" embodiment of the invention as illustrated in Figures 10,

25

11, 12, 13, 14A, 14B and 14C. In this assembly, a

reciprocating, positive indicator latch -assembly 130

provides restriction to longitudinal movement of the work

I s -engaged wth the

&



Engagenent of t he supported collet head 134H agai nst the under side of t
annul ar locator ring 96, as 10 shown in Figure 14C, accurately |ocates tlf
wpr ki ng position of the service tool 68 at station SF as illustrated in
Figure 2. -Repositioning of the collet head 134H to bear against the under
si 6& of the second annular |ocator ring 98,2which corresponds with |ocator
position CR and service 15 tool position SR as shown in Figure 2, is
acconpl i shed Byriiagerantd) sébecbed positgoddngwatdithe enigicé htoplodaciyorn
tubing until the upper collet head 134K engages the top side of | ocator
ring 96. Thbsl aen pogsitsioning r sgbs 1 3R2uhavingl @voek e tli 3pi amewartedoffor
~the collet 134 while the work 20 string and positioning sub continue
downwar d novedongitudingds cueciprosad dhevemeat relaigivtaidtealthe ssiudcenmedt
of the work string_relative to the traveling collet 134 is limted

by
novenent of arpddadi shiowlder i3 fommedchr ntlei sidevadlenfethal coldewalsub
surface of the _positiqQnin ub 132. 25 The_pin 138 is constrained
to travel 3al oﬂrégt ﬁ%qgi‘rs[ i%:fl%%ﬁi%aﬁfeﬁhes&% fdmgare Y344 ovhenoa hepke
traveling collet 134 i vab ouplLed t he_positiqgnin - 22- b 132
by an an%ul ar PREXLCRy iagﬁap Zf?’e p#ﬁﬁxiﬁﬁﬁl aﬁ'{) i 3'5 cgwaae%s %ﬁ@bl ﬁ‘e

in sliding ehgggﬁggaﬁ } t he external cylindrical surface of the tubular
positioning sl pins 138 projecting radially into the J slot

groove 5 on ODDOSiteg@@?ﬁ%yéﬂttr@fpoﬁhhiO@h ort cgifétan§§g§[0&34ﬁ

bearing collar 142 rot response t'0 noverent of the 'prns 1
slanted slot gghliaces thdSundet"dide ofO%the annular locator ring 96, as

U 10 sﬁown in Figure 14C, accuratelyllocates the working position

of the service tool 68 at station SF as illustrated in
Figure 2. .Repositioning of the collet head 134H to bear
against the under side of.the second annular loéatof ring
Sgﬂ which cprresponds with.locator position CR and service
15 tool pbsition SR as shown in Figure 2, is accomplished by
lowering the work string downwardly through the production
tubing until the upper collet head-134k engages the top side
of locator ring 96. This engagement arrests further
downward displacement of the collet 134 while the work
20 string and pOSitioning sub continue downward movement for a
predetermined distance. Longitudinal displacement of the
ﬁbrk string relative to the traveling collet 134 is limited
by movement of a pin within a_J-slot;140 machined into the
exfefnal sidewall surface Qf the positioning sub 132. '
25 The pin 138 1s constrained to travel along the
vertical and slanted surfaces of 'thé J slo£ 140. The

traveling collet 134 is movably coupled to the positioning



'ing collar 142 take place sinultaneously as 10 the pins bear against a
ted J slot surface 140S. By a sequence of reciprocal |ongitudinal
di spl ace- nents of the work string 46, the pins 138 are repositioned with
the J slot froma position designated as CF to the position designated a§
CS in Figure 13. ~ Position 015 corresponds with the position of the
collet. 134 in its supported position as shown in Figure 10, and position
CS correspandd 3a t byt h@nurﬁu}ipgﬂecbwilm FeddeironldReh c@het ahoudar3aH

bei ng Iongltudlnall%{dlsplaced wit h_respect to radial shoul der 136. In
t he unsuppRR liagh &8 qqupled  tBxishidinggergagemest (akowh| the i s

A .gylieere ATt Sixghcacah b w&%ﬁ%ﬂ%ﬁ%&%ﬁgbﬁr o
string i 21?% Tk ol Ehs "3 pea dohuid Aad 130 1568, Bher” %éa%otggﬁa?‘%ﬁg

POSL5Of o SHifd i ey idfibd Od thd? pasPLeuhing Wib. '°%e22%e& S5y,
Col | et hea&' ng %a.lwmé?%@er&sd' FHC’%‘é%ﬁ%sé‘t@ 6 Mhidhvdte 0gE! aBR On

t he respective T1nger portlons Initia ositi.oning su 'S run

into the yeh aiigacdBshd Osiaated Ist seakfu&ets WY EE, | S THE aiéed botho
the packer assenbly 1n the |owest operating position (squeeze

posi ti on)vetrticabedisplecement ¥ Hthe posiliphon 1 0gl sabaahdnroEatAon! e wor k
string is retracted, collet head
the annular bearing collar 142 take place simultaneously as

vgrtical di spl acenent of the positioning sub and rotatiQn of .the annul ar

10 the pins bear against a slanted J slot surface 14os._ SJ
By a sequence of reciprocal'longitudinal displace-

ments of the work string 46, the pinsﬁlaé are'repositioned
within the J slot from a poslitio'n aesignatea as CF to the
position designated as CS in Figure 13 | POSltlon CF

15 corresponds with the position of the collet 134 in its
supported position as shown in Figure 10, and position Cs
corresponds with the unsupported collet location with collet

head 134H being "'longitud_inally displaced with respect to

radial shoulder 136. In the unsupported position'CS the O/

20 flexible finger 134A of the collet is free to deflect  and
thereby pass a locator ring without binding engagement
That is, the collet head 134H is free to deflect to permit
passage of the traveling collet relative to the locator ring
‘as the work string is retracted to position ‘the service tool

. 25 to the new operating position SR.
The traveling collet 134 is provided with lower and

upper sets of ”flexible finger members, ' 134A, 134B,

&



134K engages the locator ring 96. Continued upward novenent of the wor k .',---;,_‘

string pulls collet head 134K through | ocator 10 ring 96 and permts ‘gf :

cpllet head 134H to engage | ocator ring 96 and stop upward nmovement. T
desired service operation is then carried out with the service tool being
held at the desired operating |location. After that particular service
operation has been 15 conpleted, it may be-2Bsired to nove further up the
well. In that instance, the tubing string is set- down to engage collet head
134K agai nst thespepbivelie ofCaldet oheadnpogtionst i 3ub: rk34K tar@adispesed
traveling collet 134 is displaced upwardly relative to the positioning sub
to the upper nodt intermediateslocgidengeras:ttihe ndspectixecfingenepaotions.
string is lifted upward ag in_and the unsupported collet is noved past the
| ocator ring. The foregdh glﬁﬂ-idleddi*@ iRO§ Eplentrg asuRaAP2t ilfesrun into the
necessary to en e ﬁ bﬁgﬁsi e%ﬁgtlocator ring in turn. 25 Any desired
nunber of | ocafottr? Bgc @ the: Farydch Saal undtwhirh i b teskalledubn
before it jsr in he well bore. Bpth odinments of the collet - '

| at chi ng sé%%ﬁ? c %cﬁer_zﬁg U t ougﬂgal °V8§§toPH%§ﬂﬁ9%ﬁmiE%ﬁiBé°n
set to locate [ t g t t{ing.positians.. After
parti cul ar ser(/l eééc;épger ?F%ﬁgh}}g B{aie%ﬂ E%Ir?}%l%é)gg,égt h@g?eggf‘%in%‘f’br%esmﬂ:gﬁd
to the work styd | Sn SEackedy Of I ' | t '

reci procated tj(:)éérkgﬁ%%l g?é t(r%&n%%gb@%ﬁ%'{ﬁ}étjé%éégif?ﬁéeé%ﬁl’e% a ecih head

?Isrslgnglt yt Ihz t hesupuéengages theolsBatbe ey 96.' | RBAtA RINH Afpvat® GHbPément
of the work string pulls collet head 134K through locator
— 10 ring 96 and permits collet head 134H to engage locator iing
96 and stop upward movement. The desired service operation
~ is then carried out with the service tool béihg held at the
desired operating location. o
| After that particular service operation has been
15 completed, it may be desired to move further up the well.
In that instance, the tubing string is set do&n to engage
collet head 134K against the upper side of locator ring 96,
with the result that the traveling collet 134 is displaced
W, upwardly.relative tO'theIPOSitioning sub to=the'uppermost
| 20'station CS. Upon detection of engagement, the work string
is lifﬁed upward again and the unsupported collet is moved
past the locator ring.
The foregoing prodeduré is.repeated as many times
as'necessary to engage or bypass each lodator ring in turn.
- 25 Any desired number of locator rings can be installed within
the production conduit sub before it is run into the well

bore. Both embodiments of the collet latching assembly can



:Lf pre-established | ocat or station. The notion conpensator
i ed aboard the service vessel will hold the 10 tool |'ocatéd and -

reIJtlver notionl ess while the service operation is perforned at the e
~desired location. Engagenent of the fixed collet "against the .|ocator ,
ring while maintaining tension on the work string above its pick-up MEIgH?ﬁ
I nsures that the desired |ocation of the service tool 15 wll be
mai ntained. It will be appreciated,that each .of the foregoing enbodi nents
provide a selective, positive reStriction to Iongitudinal'nnvenent mhich

Moot T on e AL BAZOUGH 61 01 oR BRI 1046y Rl ° G e bk MG oTOESES

| ocati on. Moreover enbo provi

restrictitpp deryiedi toginat W@E&n@foééﬁai;\?ﬁg ?BEH.‘EQ.O‘M%’ ch z)&éé

activate the notion-conpensating system o ng service vessel %o

that ocepartdaud s Wic_doeﬁeaatieaunasuu%hl rc%ﬁl%a U%H@'té‘i?é’f&f‘i”t of

a downhol e service tool, which 25 mght interfere ongol ng

servi ce foreeatapplied ttouthet Wworki Bteﬁhgoﬂsh&&adk@.‘a' dﬁfélilﬁdin%ﬂ the
reference to specific enbodinents, and with reference to a

speci¥ i c woirk- sebringertd cbeopeeaﬂ.puapatbé oo emanigpulastos | Bheo movabDé

i ntended to _be construed in a linting sense. Various nodifications to the

dlscloseGQéﬁﬁiﬂlﬂ#ﬁ@ as Tha |ceblet t dakchi assepiilixats otbeal puidedivent i on
wil | %gﬁséed t.0 persons skllled in the art by the foregoing
speci f ic he| Jagakonnsi ng He? erdagee,at hecasioretring clataskkebl y

may be usede n %%@@ééﬁgﬁi éhe&wa locator - station. .~ The motion
qompensator carried aboard the service vessel will hold the v/

10 tool loc;ted and relatively motionless: while the service
operation_is perforﬁed at the desired_location. - Engagement
of the fixed collet against the locator ring while
maintaining tension on the work string above its pick-up
weight insures that the desired location of the service tool

15 will be maintained
It will be app:eqiated that each of the foregoing
embodiments provide a selective, positive restriétion to
_ longitudinal movement which_allows,éccurate positioning of a J
-downhole_service tool at a preselected location. Moreover,

20 both embodiments provide a partial restriction to
longitudinal movement of the work string which will activate
the_motioneqompensating.system offa floating service vessel

so that ocean .hgave or swell does not cause undesired
longi#udinal movement of a downhole service tool, which

25 might _interfere ‘with an ongoing service operation.

Although the invention has been described with

reference to specific embodiments, and with reference to a



conpl etions wherein it would be desirable to start the work string at an

upper |ocation and nove down the well using 10 t he coupling engagenent €§§§Q

the collet assenbly and |l ocator rings to stop the work string at each

| ocator station'as the service tool is noved downhol e. Moreover, both
coP™ét | at ch assenblies can be used to go advantage in conbination with
fi xed production facilities for accurately 15 positioning a service tool
rel ative to downhol e conpl eti on equi pnent. -26 - CLAIM 1. ‘

Appar at us for gpesist¢ PBI NGf & -SHOHEE dDO 1 £8! AbpYEakd SPWNRA & E‘&P&ﬁb'ﬂ%
equi pnrent within the bore of a well casing conprising, 1n conbination:

a tubul ar progdesér@ptieAndd tnotdaRteflded Otoabled dHFE¥rddd Sah dapnaeiiddsing
equi pment, said tubul ar production conduit having a |ocator ring projecting
radi al | y int osehsebor &ard dust aiodishictatiadaptedther dastaobeantembodiaieth k)
service tool and for |ongitudinal reciprocal novenent within the bore of
sai d productias wedduids abternahbilvel appligatdonst cf nmessmsintientiboh widdns
including a radially deflectable latch nmenber and a further |atch nenber,
sai d two Penbeessuggestefin§or prasprnsl gkdldpdadnathe prtt by Akiealfogiegedimicon
of the mandrel between a first_position in which _radial novenent of the
defl ect abl e | SPRALFEGBELORS 3G kS EFRELORSE cond Po FHIRILEn ThLcFAHET

radially deflfg%acli)_l ealsastecltn]bq%nbsrayl be used in other types of well

completions wherein it would be desirable to start the work
string at an upper location and move down the well using
10 the coupling engagement of the collet assembly and locator
rings to stop the work string at eéch-locator station as
the service tool is moved downhole. Moreover, both collet
latch assemblies can be used to good advantage in
combination with fixed production facilities for accurately
15 positioning a service tool relative to downhole completion

equipment.

-
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p03|t|o

said | atch assenmbly nmenbers are in the formof a 25
neunEmg in an axially fixed position on said mandrel and a coll et

col | et
nount ed

deflect sai d radlally deflectable I at ch nenber 20 having a | atch

n

on said mandrel to be axially displaceable al ong the mandrel

|mﬂnfg“m|luﬂ5“ﬁ!}]mtal d annular locator ring to oppose aXi al :

| e t ool when the |latch nmenbers are in said first
osi tioning apparggus as defined in claimZ, in.which:
radial ly. deflectabléhh

-27- between a sepappbedtpssiforopdsi tilindlhg ke sedvaldeyy ddoedrendtlei s free
to deflect and a supporting position in which it engages the axially fixed

col | et ttopdewshbleagraduwsficciequipieneolitibith that bezed dfi xedwebl | et i s
5 engageable with the locator ring to prevent upward displacement of the
servi ce €@sing3comprisingesin eombdngddeondt us as defined-in claimi1, in
whi ch: said mandrel has first and second annul ar 10 | ocat or grooves
spac?d apart al ongal t EUPU R Ral PEAUCEL O, Gandidll yagaprEedhbifoT at ch
menber co fixed cqllet _secured to said mandrel id flxed col | et
navi ng (RERPEPBGA e SPaCeaPERAT *ﬁ% AU RS, mERAG TR
definin QH#{ P % e t % sald resilient f| rs being
radi al | %géfi% a‘gﬂ[‘e &3 ghégl]dﬁg%ﬁ'u r poc gta I&-JTIEJ?'[I’PGJF P?f:q%”h%nber
conpri mpgdgaﬂji,fg_ﬁpgelggl bekeouUNt ed on said tubuI ar rrandrel for
| ongi t udi nal
a latch mandrel adapted for a_t_tachment to said
10 service tool and  for longitudinal reciprocal movement
‘within the bore of said production conduit; said mandrel v
carrying latch means
the latch means including a radi-ally_ deflectable
latch member and a further latch member, said two members
15 being relatively displaceable in the axial direction of the
~mandrel between a first position in which radial movement
of the deflectable latch member is blocked, and a second
position in which the radiaily deflectable latch member is
free to deflect, said radially deflectable latch member
20 having a latch surface engageable with said annular locator _J
.ring to oppose axial retraction of the service tool when
the latch members are in said first position.
2. Positioning apparatus as defined in claim 1, in
which said latch assembly members are in the form of a
25 radially deflectable collet mounted - in an axially fixed

position' on said mandrel and a collet mounted on said

mandrel to be axially displaceable along the mandrel

¥
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nbvenent with respect thereto, said shiftable coll et havi ng 20 a Mo .
plurality of resilient finger portions, each fi lﬂmm l“ rying a /.
redially projecting head portion, and having rAHHHHM““ u t ensi on '

portions, each‘*resilient finger extension portion Kavirng®a knuckl e portion

adepted to be received in detented engay At within the first 25 annul ar

| ocat or grooyve and the second, annul ar. | ocat or gr.oove, .and said, shift.ab
col l et havi ngeEvRERi & | FePREEES thﬁ%’e‘fl?fbrf'f‘o%"téla%lbt gget oa’f)léa]l'; er lexdade

i t hi id I .. -8 ket sd _shi cal i :
\glxi a: Inysg: sp%gcﬂzglgblr el%etf\%%gnpggf ﬁ%ﬁlaépz)%si ??gn,écg‘pﬁ’ggﬁﬁ gnggé%ng(?g m

supporting pQflLithon; ¢ 'é‘n&Qgﬁg tERe KNk £1 POrdi P88 HolistfivWeprevent

extensions are recelived 1h detented engagenent with the first annul ar

| ocat or grooygqdia®n@diredtibm theka8se! sulddul €iedt PealinorEhaidigcbatelty ek
wi thin said annul ar pocket, with said inset shoul der portion |ying

i nt er nedgat eehgag@apie antH hehid ediodatdt ngeisgoftsaiprdvant copkweird 10
t her.eby opposing radial deflection thereof, and a second position,

corr espondi ndisplaaesestpafatbe pegwticentooln whi ch the knuckl es of said
shiftable collet are received in detented engagenent within the second
annul ar | ocator groove, wherein the inset shoul der portion of said 15

shiftable collet is withdrawn fromthe annul ar pqcket, thereby pernittjng
the resilienB-finger pSPEL&AONINIs ARPIRABE BF | g‘FﬁBe&efllréc?i/?g i ?I'I Vo

| nwardly. 4. which: Posi ti oni ng appar atus as defined in claiml, in

_ said mandrel has fir.st_ andlsecond annular
~ 10 locator grooves spaced apai‘t along i_ts exi;,ernal surface:;

| | said radially deflectable latch meinber comprises

é fixed collet secured to said mandrel, sa_,id fixed collet

having fJ.exible fingers spaced apart from said latch

mandrel thereby defining an annular pocket therebetween,

15 said resilient fingers beiﬁg radially deflectable into said

annular pocket; | | | |

said ftir*ther latch met'nber. comprising é shiftable

collet mounted on said tubul:ar mandrel for longitudinal

o/ ' movement with respect thereto, said shiftable collet having

20 a plurality of resilient 'finger portions, each finger

po;‘tion cafrying a radiélly projecting headl portion, and

having resilient finger extens'ion po:tioﬁs, each resilient

finger extension portion having a knuckle portion adapted

to be received in detentéd éngagement within the first

25 annular localtor groofre ahd the 'secot_xd annulaf locator

grodve, and said shiftable collet having a radially inset

‘shoulder portion adapted 1:6 be inserted within said annular



_ =gh: - 20 said further latch menber conprises a radially )
_@th Ellmm‘“mmm @ﬂl‘on:formed on said nandrel at an’intefnedi ate

I tionT W' said radially deflectable | atch nmenber conprises .
a coll et rfovébl ¥ c%up ed onto said mandrel, said collet 25 Having first-
and second axially spaced sets of respgient finger portions, each finger ¥
portion having a radially projecting head nmenber, said finger portions

bei ng radpakb¥; anu29 - deflectable; said mandrel has an external control

slot forned on an external sidewall surface; and, an annul ar collar couples
said collet to sai gaid driftabbabeollesabeiagndaially | aispebogable
concentrical ly di sposed about said |atch mandrel and attached to said

col | et f betweeat isonfirsit | pogitidnnakcogirespending tel seidestppeaitdngandr el
said annul ar collar having-a radially projecting pin received in

regi st r appsdtiiarh saind €bhchol the knugklen@pantiene &Hngtsai fivgser ol

slot in response to axial reciprocation-of said mandrel-relative to said

col | Bt. sxtensiong\ axRdrEpceivedi it | detRNfeInerIRIAMPBE| ikt nghe

appar atus .according to any one of the preceding ¢lainms._ 15 . 6., A

Tt hod 84 Tt APAU AR | GRFEEAFnF=ABYEmerendl LE8erARERLL8) 108BEnded by

B oK o Lol gl AUl on JUBL NG WPLA SA "9al B°aRhEREbocRBY,  UCt 1 N0
with said:inséé shbuiaer'portidh iyihg.intérmediate the
mandrel and 'th_e flexible fingers of said fixed céllet,

10 .théreby bpposing radiai_defiéctioh theredf, and a second - '&J
pbéition, éorrespoﬁding to said sepafafed.bdsitidn,.in
whiéh.fhe.knudkléé.of_éaid §hiftéb1§'déiiet are received in
ldéteﬁfed ehgagement witﬁin the éeéoﬁd éﬁnular locato;
groove, whereih ﬁhe'iﬂset shbuider'porfion of said

15 shiffable cqilet is wi_thdréwn frém the annuiar bockét,
fhereby permittiné the.résilieﬁf fiﬁger portions:of éaid'

fixed collet to deflect radially inwardly.

4; | Positioning apparétus aé defined'iﬁ claim 1,'in
which:
20 _ said further latch memdwed comprises a radially

_ projécting shéﬁldef poftion forﬁé& on saidlmandfel.at an
_infefmediaté loéat;on along its lengfh: | |

o . said radia1lj defiectabiellatch member coﬁprises

a cqliet:movably coupléd onto ééid mandrel, said collet

25 héving firét and éécond-axially-spaced Seis of feéilient

finéé: poffiéﬁs;.gacﬁ fihger poftiqn havihg a iadially

Hprojeéting head member, said finger.portiohs being fédially



~

tubing and the work string with an annul ar |ocator ring; 20-

reci procating a lat ch’ means mounted on said work '
annul ar locator ring, said | atch means conpri si ngn I"gﬂﬂ[ﬁ a

that>are relati‘vely shiftable axially of the work strd aid latch
nenders bei ng radially deflectable;, 25 - 29 - performng said relative
axi al shifting novenent between a first position in which radi al novenent

of the - 30efdedtabrl®lsl e | at ch nenber is blocked to a second position in

which the radially deflectable |atch nenmber is free to deflect; |owering
the work string to p&fiG Spndyl chageaneceripraalarentretbsldie| forneed
| ocator ring while the pair of |latch nenbers are in said second position
relative to Bé’cﬁ%%ﬁp%,s‘&ﬂ?dilnéﬂf@qedcm' ring with the radially

defl ectable latch nenber while.the pajy_of latch menbers 1 are in said
first position relati vg‘;mt 0 BaRA3%; h%?ﬂ? coup&esApfﬁ?'ét lfé’qfl&t p&Si tFHHE ng

a service o9l Ahbpel0 IGURROIGHALPINCIION SAULRTEY WLLALALhe hoye of

a well casing, substantidlly as hereinbefore erenc

and as illushiapetdd) bBEURCCHAPEANNIA¥EH S mandr@ NGSa Sttached ﬁo@M
for restricting |ongitudinal novenent of a service tool suspended by a work

string withi sopledudcordtitith andsiengiehlynas baspilabehent desddhng
with reference to the acconpanying draw ngs.
to said mandrel, said annular collar having a radially
proj'e'c':ting pin received in registration with said control
10 slot and movable along said control slot in response to

axial reciprocation of said mandrel relative to said

collét.

5. ' A mandrel carrying latch means for a positioning
apparatus .according to any one of the préceding claims.

15 6. A method for rest.ricting longitudinal movement of
a service tool suspended by a work string within production
tubing comprising the steps of: |

N . obstructing the annulus .betw'een the production
tubing and the work string with an annular locator ring:;

20 reciprocating a latch means mounted on said work
string relative to said annular locator ring, said latch
meaﬁs comprising a pair of latch members that. are
relatively shiftable axially of the work string, one of
said latch members being radially deflectable;

25 performing said relative axial shifting movement

between a first position in which radial movement of the
f

—

i+
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deflectable latch member is blocked to a second pqsition iﬁ
which the radially deflectable latch member is ffee to
deflect:;

lowering ‘_l:he w_or}; string to position the
deflectable latgh member below the locator ring while the
pair of iatqh members-are_in said_second positionlrelative
to each other; and, . | _

engaging the locator ring_wi;h:the radially
deflectable latch member whilé the pair'of latch members

are in said_first.positionurelative to each other.

7. Apparatus for positioning a service tool relative

to downhole broduction equipment within the bore of a well

'casing, sub%tantially”as hereinbefore described with

reference ‘_tq_ and as illustrated in the accompanying

drawings.

8. , A method for restricting longitudinal movement of

a service tool suspended by a work string within production

"tubing substan#ially as hereinbefore described with

reference to the accompanying drawings. .
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