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WITH
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This invention relates generally to apparatus

for completing downhole wells, and in particﬁlar to flow

conductors for conveying inflowing formation fluid in

.water, oil, gas and recovery wells.

In the course of completing an oil and/or gas

well, it is common practice to run a string of protective

casing or liner into the well bore and then to run

. production tubing inside the casing.

The annulus between

the liner or casing and the surrcunding formation is

sealed with a deposit of cement to prevent fluid flow

through the external annulus from one formation zone to

The cement is pumped through a work string

suspended within the casing or liner into the annular

space between the liner or casing and the surrounding

If the lining or éasing

traverses a hydrocarbon-

bearing formation, the lining is perforated to create

flow apertures through the casing and cement so.that the

formation fluids can flow into the well.

The liner

and/or well casingiié perforated by a perforating gun

8
10
15
another.
well bore.
20
- 25

- which is suspended within the well.

Shaped explosgive

charges carried by the gun blast openings through the

metal lining, the cement deposit and the surrounding

formation.
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conduct or seekor conveying inflowing formation fluid in water, oil, gas
and recovery wells. In the course of conpleting an oi

andf or gas

10 well, it is common practice to run a string of protective

casing or liner into the well bore and then to run production tubing
i nsi de the casing. The annul us between the liner or casing and the
surrounding formation is sealed with a deposit of cenent to prevent

fluid flow 15
another. The cenent is Egnged t hr o%%

10

15

20

25

t hrough t he external annul%s fromone formati on zone to

tlons, 3é$é£§’the'well bore is

Ome comp
uncased, and an open face is established across the oil
or gas bearing zone. Open bore hole (uncased)
arrangements may be utilized, for example, in water
wells, test wells and horizontal/deviated well
completions.

Some open bore hole (uncased) installations are
known as "slimhole" or "monobore" completions in which a

protective liner or casing is not installed across the

productive zone. In such completions, a small diameter

" flow conductor is suspended within the uncased bore hole

and cement is pumped through the flow conductor into the
annulus between the flow conductor and the surrounding
earth formation. After cement residue is cleaned from
the flow conductor, the flow conductor and the
surrounding cement deposit are perforated to admit
formation fluid into the well.

Because of the economies associated with
slimhole/moncbore complétions; there is a continuing
interest in improving the flow conductors used in such
completions. There is a need for.a small diameter
production nipple which can be used in vertical as well
as deviated uncased well 5ores,_wherein the production

nipple can be used £o spot an annular deposit of cement

- across the face of3the uncased well bore, with the nipple

and protective cement deposit theresafter being perforated
reliably-by a small diameter perforating gun. There is

also a need for a production nipple of the character
_
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suspended.within the casing or liner into the annul ar space between

the liner or casing and the surroundi ng wel | bore. 20 | f
theslinihg or casing traverses a hydrocarbon- bearing formation, the
lining is perforated to create fl ow apertures through the casing and
cement so that the formation fluids can flowinto the well. The |iner
and/or well casing is perforated by a perforating gun 25 which is
suspended within the well. Shaped expl osPve charges carried by the
gun bl ast openi_ngs Lhré) tn

describe ich can be closed and recpened in response to

changing conditions in the producing zone.
The present invention is concernmed with the
provision of a method and apparatus for locating a
5 perforating gun within a production nipple in a
slimhole/monobore completion, and with a production
nipple for use in slimhole/monobore completions, in
particular with a production nipple in which improved
puncture of the nipple sidewall and penetration into the
10 formation are realised.

The present invention is also concerned with the
provis{on of production nipples having a reduced
resistance to perforation by a shaped explosive charge,
and which can be opened for production or selectively

15 closed for isclating a zone which may be producing an
excessive amount of gas or water.

In one form of the invention a production
nipple, designed for suspension from a flow conductor
within an uncased well bore, includes a tubular mandrel

20 having a longitudinal production bore. The tubular
- mandrel includes first and second longitudinally spaced
sidewall sections, with one-of the sidewall sections
being dedicated for perforation by a perforating gun.
The dedicated sidewgil‘section is characterised by having
25 - a lower resistance fb‘@erforation by a shaped chargexas
compared to the perforation resistance of the other
sidewall section. Preferably, the tubular mandrel is

intersected by a longitudinal counterbore along the
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metal |iniing, the cement deposit and the surroundi ng formati on.
2 In some conpl etions, however, the well bore is
uncased, Tand an open face is established acr oss the oil or gas

bearing zone.

10

15

20

25

Open bore hol e (uncased)

4
dedicated sidewall section of the mandrel, with the
radial thickness of the dedicated sidewall section being
less than the radial thickness of the production bore
mandrel section. An isolation sleeve is received in
slidable, sealing engagement against the production bore
of the nipple mandrel, and is shiftable from a first
position in which the dedicated sidewall section is
covered by the isolation sleeve to a second position in
which the dedicated sidewall section is uncovered.

In a preferred embodiment, the nipple is
suspended within the well bore on a tubular coupling sub.
The coupling sub is radially intersected by an intermal,
annular locator slot. A resilient latch arm carried on a
perforating gun is movable from a retracted, non-
interfering position to a radially extended, latched
position in which the latch arm is received within the
locator slot. According to this arrangement, the
perforating gun is located precise;y in shoot alignment
with the dedicated sidewall section of the production
nipple. Because of the reduced radial thickness of the
dedicated sidewall section, reliable puncture and
penetration through the nipple, cement deposit and earth
formation can be obtained with a smaller, less powerful
exp1051ve charge. 'L | i

Other features and advantages of the present
invention will be appreciated by those skilled in the art
upon reading the -detailed description which follows with

reference to the attached drawings. In the drawings:
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arrangements may be utilized, for exanple, in water 5 wells, test wells
and hori zontal /devi ated wel | conpl eti ons. Some open
boré hol & (uncased) installations are known as "slinhole" or
"nonobore” conpletions in which a protective liner or casing is not
I nstall ed across the 10 productive zone. In such conpletions, a snall

di anet er fl ow conductor is suspended within the uncased bore hole
and cenent is punped through the flow conductor into the annul us
bet ween the flow conductor and the surroundi ng

Fig. 1 is a simplified schgmatic diagram showing

.a vertical section through two producing formations which
are intersected by an uncased well bore which has been
completed with two production nipples suspended from a

5 retrievable packer;

Fig. 2 is a simplified, sectional Qiew which
illustrates perforation of the production nipple, cement
deposit and formation in a slimhole/monobore completion;

Fig. 3 is a longitudinal sectional view of the

10 production nipple of Fig. 1 showing the isolation sleeve
in its uncovered position with the dedicated section of
the production nipple.being_exposed-for perforation;

Fig. 4 is a view similar to Fig. 3 in which the
isolation sleeve is in its covered position in which the

15 dedicated sidewall of the production nipple is sealed;

Fig. 5 is a longitudinal sectional view of the
slimhole/moncbore completion showing the production of
formation fluid through the perforated nipple;

Fig. 6 is a view similar to Fig. 3 in which

20 fluid flow through the production nipple has been
‘terminated by an isolation sleeve; aﬁd,

Fig. 7 is a simplified, sectional view which
illustrates a horizontal well completion in an uncased
bore hole in which_pﬁl%iple production nipples are

25 . positioned in regisﬁrafion wiﬁh multiple producing zohes.

In the description which follows, like parts are

indicated throughout the specification and drawings with

the same reference numerals, respectively. The drawings
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earth forpation. After cenment residue is cleaned from 15 the flow

conductor, the flow conductor and the surroundi ng cenent deposit are
perforated to admt formation fluid into the well.

Because of the econom es associated with sl i mhol e/ nonobor e
conpletions, there is a continuing 20 interest in inproving the flow
conductors used in such conpletions. There is a need for a snal

di anet er production ni ppl e which canGbe used in vertical as well

as deviated uncgggd w@:neéggéﬁ%lly Egeéca e aﬂgw% gc£§830rtlons of

certain parts have been exaggerated to better illustrate
details of the invention.
Referring now to Fig. 1, a first hydrocarbon
5 formation 10 and a second hydrocarbon formation 12 are
intersected by an uncased well bore 14. The uncaéed well -
bore 14 is sealed from the surface by a primary casing
string 16, having an 11 inch diameter, which is secured
to the wellhead assembly. Intermediate zones of the
10 uncased well bore 14, are isoclated by an intermediate
casing string 18, having a 7% inch (194mm) diameter, and
a final casing string 20, having a 5% inch (140mm) casing
diameter.
The well 14 is completed by multiple nipple
15 sections 22,24 which are connected by a threaded union T
in flow communication by flow conductors 26,28. The flow
conductor 28 is suspended from a retrievable packer 30
which is releasably set in engagement against the bore of
the lowermost casing 20. Thetretrievable production
20 packer 30 includes a mandrel 32 having a longitudinal
production bore 34 for conveying formation fluid to the
surface. The packer mandrel bore is coupled in fluid
communication with a st;iﬁg of 3% inch (89mm) production
tubing 36 by a full'bqre 1andiﬁg nipple 38. Production
25 flow through the ﬁéoduction tubing string 36 is
controlled by a tubing retriewvable safety valve 40.
Before the production tubing 36 is installed in

the full bore landing nipple 38, a work string is coupled
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ni ppl e car be used to spot an annul ar deposit of cenent 25 across the

face of the uncased well bore, with the nipple and protective cenent
deposit thereafter being perforated reliably by a snmall dianeter
perforating gun. There is al so a need for a production nipple of the
character

7

to the landing nipple and a predete;mined volume of
cement is pumped through the packer bore, the flow
conductors 26,28 and the production nipples 22,24. The
annulus surrounding the suspended flow cénductors and
5 production nipples is filled with a cement deposit 42

which prevents vertical flow of formation fiuid between
the hydrocarbon formation 10 and the hydrocarbon
formation 12. A seal plug is introduced into the bore of
the work string to separate the cement from the

10 displacing f£fluid and to wipe the cement from the packer
bore, the flow conductor bores and the nipple bores as
the cement is displaced out of the tubing and into the
surrounding annular space.

After the seal plug has been removed and the

15 production bores have.been cleared of debris, a
perforating gun 44 is positioned within the bore of each
nipple. The perforating gun 44 is suspended and run into
the well on a tubing string.: Preferably, the tubing
string is a length of coil tubing having a firing line

20 inside. The perforating gun assembly 44 is equipped with
a mandrel 46 which includes an array of explosive, jet-
type perforating charges 48. The perforating gun 44 is -
coupled to the flow conducﬁor 28 -by a locator sub 50.

Upon detog#fion, each explosive charge 48

25 produces a high teméeréture, high pressure plasma jet 52
which penetrates the sidewall of the nipple 22, the
protective cement layer 42 and the surrounding'formatibn

12. The high temperature, high pressure plasma jet 52

\
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descrj bed:whi ch can be cl osed and reopened in response to changi ng
conditions in the producing zone. Accordi ng to one aspect of
the'invehtion there is provided a nmethod for conpleting a well conprising:
suspendi ng a fl ow conductor and a production nipple.having a tubul ar

mandrel within a well bore; punping cenent into the annul us between the
production nipple and the well bore; renovjng.residual cenent fromthe bore
of the production nipple; perforating the tubular mandrel of the production

ni ppl e and the SOl 4 P TRA! mdERPSEiaeid1l £PehEORRLHIY, Gihs and isol ating
t he production 'ni ppl e by cove?ing ﬁie perforated-sig%%all seéiion with a

tubul ar sl eeve.producing a clbBnOpér icie s, chisugeréiy aliippdegun may be
| ocated in registration with a dedicated section of the tubular mandrel of

t he producti on sidygwsalbandatahiagedniiian dirfaatatrien§s gtirougio thee fl ow
conductor at a predeterm ned latching location relative to the production
ni ppl e. The deddwaramdiag concrete hayan @Rk esnthi fpreatish-have a | oner
resi stance to shaped charge_as conpared to the perforation_resistance of
sai d nandref. Preferably,” the,sBedleris RFdormse Wik Medind]R ABve a

| ongi t udi nal productian bore.  said tubular .nandrel Jhave a dedi cated
sidewal | secti o‘hn% §dapf"835?r? RS J‘é:r%(%g %Sf%%ﬁ%r%cf ?églr? by a shaped

charge as surrounding formation. With a sufficiently high pressure

differential, the pressure surge from the surrcunding
formation will break up any compacted material and sweep

10 it back in the well bore where it will be flowed to the
surface. 2As compacted fragments are swept away, the
nipple sidewall perforations 54 are cleaned and cleared
for maximum inflow. After the perforating gun 44 is
removed from the well, the well is then ready for

15 immediate production.

Referring now to fig. 3 and Fig. 4, the
production nipple 22 includes a tubular mandrel 58 which
includes first and second longitudinally spaced sidewall
sections 58A,58B. According fo one.aspect of the present

20 invention, one of the mandrel sidewall sections, in this
instance section 58A, is dedicated for perforation by a
pexrforating gun, and is characterised by a lower
resistance to perforation in response to the explosive
force of a shapedhchargg'as cﬁﬁpared to_the perforation

25 resistance of thexgthgr sidewall section 58B. The
differential resistance to perforation is obtained,
according to one aspect of the present invention, by

forming the dedicated sidewall section 58A with a reduced
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conpar.ed to the perforation resistance of said mandrel, and said tubul ar

sl eeve may be disposed in slidable, sealing engagenent agai nst the internal
bore of said tubular mandrel or nipple, said tubular sleeve being shiftable
al ong the longitudinal axis of the internal bore between alternative
positions covering and uncovering the dedicated sidewall section of said
mandr el or nipple. According to this arrangenent, the
perforating gun is | ocated precisely in shoot alignnent with the dedicated

sidewal | section of the production nipple.
radial thickness as compared to the sidewall thickness of

the nipple section 58B.
The mandrel.section 58B is intersected by a
longitudinal production bore 60, and the dedicated
5 sidewall section 58A is intersected by a longitudinal
counterbore 62 which extends along the length of the
dedicated sidewall section 58A. According to this
arrangement, the main production bore 60 is enlarged by
the counterbore 62 along the length of the dedicated
10 sidewall section. The radial thickness of the dedicated
sidewall section 58A is reduced substantially with
respect to the thickness of the nipple sidewall section
S58B, as shown in Fig. 4. In those illustrations where
the nipples support very little hang weight, the radial
15 thickness of the dedicated sidewall section 58A can be
reduced substantially relative to the thickness of the
nipple sidewall section 58B.
According to another aspect of the present
invention, an isolation sleeve 64 is incorporated within
20 the production nipple 22 fof the purpose of selectively
isolating a particular production zone at any time during
the life of the well. That is, the isolation sleeve 64
is shifted to a non-interfering position, as shown in
Fig. 2, in which thg-dédicated sidewall .section 582 is
25 exposed to the perféraﬁing gun 44, The isolation sleeve
€4 is also movable to a closed position, as shown in Fig.
4, in which the perforated, dedicated sidewall section is

sealed for the purpose of isolating the zone which may be
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Lat ch apparatus may be nounted on said fl ow conductor for locating a
perforating gun at a predeterm ned service position adjacent to the

dedi cated sidewall section of said nipple. _ The fl ow conduct or
may have a tubular sidewall radially intersected by an internal, annular
| ocator slot, and said |latch apparatus may include a resilient latch arm
carried by said perforating gun, said |atch arm bei ng novable froma
radially retracted, non- |nterfer|ng p05|t| ¥ to a radi al |y extended,

| at ched positi 012,];0% W@h&ha%aéﬁcésaé yg/etg_, Wl E?Qgrn sai d | ocator

sl ot . rst secon Iongltuglnal spaced annul ar seal neans

nmay be disposed in slidabhf i$RAkkiEncSDORIRIY jReeReRvedl th I3l eS| eeVe
and said bore of the nipple, said nipple and first and second annul ar seal

menbers engagi ngeadiifighengasydments aghinkseerhei srodudtiion boteedo posithen.
I n anot her embodi ment a packer may be provided having anchor slips for
engagi ng a wel | ndgplegmandrédyi then isgdgtioni sbeetmréd fisr ppavided with
perforatlngsgun to and froma_well |ocation, below the packer, In this

embodi nent, X he ﬁ‘hlé\ﬁlésnﬁb’é‘%@e%rﬁﬁﬁ £48 HPb%&?%@WP&eCBKp? ed to said

k f th i~ dith d h
Pongi tudinal pr GHICELBH PD, SRaFted,gfar Iife L S EY, A EPEEET od by a
I ongi tudi nal CO%E&E&BPEE:EL&DQ.éiéﬁﬂﬂg%@%ﬁ@ &kdfyPlily embodiment shows

that the dedicated nipple sidewall section 58A is

arranged for exposure by downshifting the isolation

io0 sleeve 64, it will be appreciated that the respective
positions of the dedicated nipple section 58A and nipple
section 58B could be reversed, with the isolation sleeve
64 being shifted upwardly for exposure of the dedicated
sidewall section.

15 As can best be seen in Fig. 4, the isolation
sleeve 64 spans the completé length of the dedicated
sidewall section 58A, with the counterbore 62 being
sealed with respect to the p:odnction bore 60 by first
and second annular seal membeis 68,70, respectively. The

20 annular- seal members 68,70 are curved, mclded se;ls which
are carried in annular slots formed in the shifting
shoulders 66A,66B, respectively.

Referring to Fig. S, the isolation sleeve 64 is
received within the'productio; bore 60 of the nipple

25 mandrel 58 in a nSn-interfering position in which the
dedicated sidewall section 58A of the nipple is
uncovered, thus permitting the flow of formation fluid

through the nipple perforations 56, as indicated by the
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section of said nipple. Also, in this enbodi nent, the production bore and

count erbore together define a service chanber, and the tubul ar

si dewal | of

said nipple has first and second end portions, said dedicated section

havi ng di sposed internediate said first and second sidewal |

end portions,

and the radial thickness of said dedicated sidewall section is |ess that

the the radial thickness of said first and second sidewal |
The tubul ar sleeve, in this enbodi nent, isg;disposed in slidable,
ni ppl e,

engagenent agai nst the production bore of said tubular

end portions.

seal i ng
sai d tubul ar

sl eeve being shifdcwd @2al ong shewd qirgirigdi B2l theidedifcdtied Esbtian 582
-5- nipple froma first position in which said dedicated sidewall section

of the

10

15

20

25

is completely covered by the isolation sleeve 64, and the
counterbore 62 is sealed by the annular seals 68,70, thus
preventing the inflow of formation fluid through the
nipple perforations 56.

In some installations, the flow coﬁductor 28 is
suspended directly from the wellhead, with one or more
production nipples 22,24 being suspended within an
uncased well bore, typically in a shallow slimhole/
moncbore well completion. In such installations, the
perforating gun 44 may be located accurately when the
depth of the production nipple is known. The operator
runs the perforating tool until the length of the coiled
+tubing corresponds with the known depth of the production.
nipple. However, that method becomes less accurate for
deep wells, in particular for wells which may have
lateral deviations.

Referring now to Fig. 2,.accurate positioning of
the perforating gun 44 is provided by an annular locator
slot 74 formed on the flow conductor 28, and a resilient,
deflectable latch arm 76 carried on the locator sub 50.
The resilient, deflectable latch arm 76 is movable from a
retracted, non-interfering position which permits travel
of the perforating:gﬁﬁ'44 through the production bore, to
a radially extended, latched position, és shown in Fig.
2, in which it is received within the locator slot 74.
According to this arrangement, the perforating gun 44 is

located precisely in shoot alignment with the dedicated
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tubul.ar nipple is uncovered and exposed for perforation by the perforating
gun to a second position in which said dedicated sidewal |l sectionis
covered ‘by said tubul ar sl eeve. Coacting | atch apparatus may be
coupled to the production tubing and to the perforating gun for |ocating
said perforating gun within the service chamber of the tubular nipple.

The first and second sidewall end portions,nmay be adapted for sealing
engagenment with said tubul ar sl eeve when f% is in the fully extended

posi tion. sideval1 bESE: 30 P AN drL0pobaHALIGH It ppaaCed anmb ar seal

menbers may be sposed In's seal Tng engagenent between said

i sol ation sl eevigR@uaifall @SN JFOBeOBeddtat et Rilpples 8idewall ar
sl eeve spanning said sidewall section of said nipple and sealing said

si dewal | secti Gieoicm SBR sékavive td mhealdcaborrskbtpFd tisoknown, and A

coupling sub may connect said tubular nipple to said packer, said coupling
sub havi ng a t uthe dengthenfl the pizfovptingegyacterPhatdiye fPekRal, annul ar

mount od on ai LAl GFR TRgLELHE Skl VAEEnaaPRIRLITE, SR Al 8o KRR
oL o R AP SRR 4 e P SR hatdarst o
along the length of the dedicated nipple sidewall section
58A when the latch arm 76 is received in detented
engagement with the locator slot 74.

10 It will be appreciated that because of the
reduced radial thickness of the dedicated nipple sidewall
section 58A, reliable puncture and penetration through
the nipple 22, cement deposit 42 and earth formation 10
can be cbtained with a smaller, less powerful explosive

15 charge. Since a less powerful explosive charge is
required, the perforating gun 46 can be physically
smaller in diameter, and can be run through the small
diameter production tubing (3% inch or smaller) utilized
in slimhole/moncbore compleéidns. Because of the reduced

20 sizing provided by the production nipple, the well may be
drilled with a smaller rig, less well control material is
required during drilling of the bore hole, the quantity
of cement required is reduced, and the size and quantity
of casing and tubing réquireduto complete the well are

25 reduced. Moreovef} ;ﬁe well may be completed on coiled
tubing, thus further reducing the cost of the completion
string.and reducing the overall time required for

installation. Since coiled tubing may be utilized, the

-
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Because of the reduced radial thickness of the dedicated sidewall section,
reliable puncture and penetration through the nipple, cenent deposit and
earth formation can be obtained with a snmaller, |ess powerful explosive
char ge. Reference is now nmade to the acconpanying draw ngs in
which: 6 Fig. 1is
a sinplified schematic di agram show ng a vertical section through two
produci ng formati ons which 13 :

well may be completed or recompleted without the
necessity of killing the well, thereby reducing the
potential for damage to the reservoir. Moreover, in
multizone completions, the production nipples may be

5 opened and closed as desired, either sequentially or
selectively, for isolating a zone which may be producing
too much water or gas. The production nipples of the
present invention may also be used in uncased, horizontal
completions as shown in Fig. 7.

10 - Although the invention has been described with
reference to an oil well completion, and with reference
to particular preferred embodiments, the foregoing
description is not intended.to be construed in a limiting
sense. The production nipple of the preéent invention

15 - may be used to good advantage in alternative
applications, for example, in gas wélls, environmental
wells, including monitoring wells, recovery wells and
disposal wells. It is therefore contemplated that the
invention includes any such applications which

20 incorporate the production nipple disclosed.
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are interseeted-by an uncased well bore which has been conpleted with

two production nipples suspended froma 5 retrievabl e packer;
Fi g: ZIEH ﬂﬂﬂ ﬁﬁltﬂ" sectional view which " illustrates perforation
of the Whille, cement deposit and formation in a
sl i mhol e/ nronobore conpl eti on; Fig. 3 is a |longitudinal
sectional view of the 10 production nipple of Fig. 1 showi ng the
i sol ation sl eeve in its uncovered po%?tion with the dedicated section
of t he prwn ni ppl e bei ng exposed for perforation;

1. A production nipple for completing a well

comprising:

S a tubular mandrel having an internal

longitudinal production bore, said tubular mandrel having
first and second longitudinally spaced sidewall sections,
one of said sidewall sections being dedicated for
perforation by a perforating gun, said dedicated sidewall

10 section being characterised by having a lower resistance
to perforation by a shaped charge as compared to the

perforation resistance of said other sidewall section.

2. A production nipple for completing a well
1S comprising:

a tubular mandrel having a first sidewall
section intersected by a longitudinal production bore and
having a second sidewall segtion intersected by a
longitudinal counterxrbore al§n§ a dedicated sidewall

20 section of said mandrel, ﬁherein the radial thickness of
the dedicated sidewall section is less than the radial

thickness of said first sidewall section.

3. A well complétion aﬁparatus comprising, in
25 combination:
a tubular flow conduit adapted for suspension
within a well; and
a nipple coupled to said flow conduit, said
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Fi g. 4_L§‘£LAQJQMJ§LHL%§LF;O Fig. 3 in which the i sol ation sleeve is
inits covered positi a1 which the 15 dedi cated sidewal |l of the

producuwmﬂm al ed; Fig. 5 is a |longitudinal
sectio l”ﬁ%@ﬁ sl i mhol e/ nronobore conpl eti on show ng the
productlon oft » mation fluid through the perforated nipple;
Fig. 6 is aviewsimlar to Fig. 3 in which 20 fluid flow through the
production nipple has been term natxdl by an isolation sleeve; and,
Fig. 7 is a sinplified, sectional view which
nipple haV1ng a tubular mandrel and a longitudinal
production bore, said tubular mandrel having a dedicated
sidewall section characterised by having a lower
resistance to perforation by a shaped charge as compared

5 to the perforation resistance of said mandrel.

4. Well completion apparatus as defined in claim 3,
including:
latch apparatus mounted on said flow conduit for
10 locating a perforating gﬁn at a predetermined service
position adjacent to the dedicated sidewall section of

said nipple.

5. Well completion apparatus as defined in claim 4,
15 said flow conductor having a tubular sidewall radially
intersected by an internal, annular locator slot, and
said latch apparatus including a resilient latch arm
carried by said perforating gun, said latch arm being
movable from a radially retracted, non-interfering
20 position to a radially extended, latched position in

which said latch arm is received within said locator

slot.

6. a product?dh‘nipple as defined in claim 1 or
25 claim 2 or well comfletion apparatus as defined in any
one of claims 3 to 5, including:
an isolation'sleeve disposed in slidable,
sealing engagement against the internal bore of said

\
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illustrates a horizontal conpletion in an uncased bore hole in

whi ch nul H,mmmmnum, ni pples are 25 positioned in registration with
mul tiple’ e&"" In the description which foll ows,

li ke parts ar%e " Fndtcated throughout the specification and draw ngs
W th the sane reference nunerals, respectively. The draw ngs
16

tubular mandrel or nipple, said isolation sleeve being
shiftable along the longitudinal axis of internal bore
between alternative positions covering and uncovering the

dedicated sidewall section of said mandrel or nipple.

7. Well completion apparatus comprising, in
combination:
a packer having means for éngaging a well casing
and having a longitudinal bore for passing a service tool
10 to and from a well location below the packer;
a tubular flow conduit coupled to said packer
for suspension within the well;
a tubular nipple having an internal bore coupled
to said flow conduit; and
is coacting latch apparatus coupled to said flow
| conduit and to the service tool for locating the service
tool at a predetermined service position within the bore

of the tubular nipple.

20 8. Well completion apparatus as defined in claim 7,
including: '
an isolation sleeve disposed in slidable,
sealing engagement againsﬁ the internal bore of said
tubular nipple, saia-;solatioé sleeve being shiftable
25 along the longituéinal axis of internal bore between
alternative positions covering and uncovering a sidewall

section of said nipple.

_\

lis Sheet H

LT



7 . are not necessarily to scale and the proportions of certain

parts have be o better illustrate details of the

i nventi oh. eferring nowto Fig. 1, a first hydrocarbon - 5

formation mmmm “EW ydrocarbon formation 12 are i ntersected by

an uncased e uncased wel | bore 14 is sealed fromthe

surface by & pf |nary casi ng string 16, having an 11 inch dianeter,

whi ch is secured to the wel |l head aggenbly. Internedi ate zones of the
9. A production nipple as defined in claim 1 or

claim 2 or well completion apparatus as defined in any
one of claims 6 to 8, including:
first and second longitudinally spaced annular .

5 seal members disposed in slidable, sealing engagement

between said isolation sleeve and said bore of the

nipple, said nipple and first and second annular seal

members engaging said bore when said sleeve is in the

covered pbsition.

10

i0. Well completion apparatus as defined in claim 7,
said nipple having a tubular sidewall and a
longitudinal production bore, said tubular sidewall being
intersected by a longitudinal counterbore along a
15 dedicated sidewall section of said nipple,
an isolation sleeve disposed in slidable,
sealing engagement against the intermal bore of said
tubular nipple, said isolation sleeve being shiftable
dlong the longitudinal axis of internal bore between
20 alternative positions covering and uncovering the

dedicated sidewall section of said mandrel or nipple.

11. Well completion apparatus comprising, in

combination: _-
25 - ‘a packer'héving anchor .slips for engaging a well

casing and having a longitudinal bore for passing a
perforating gun to and from a well location below the

packer;

vis Sheet Has Been Replace
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10 unca;EErVﬁﬂj“bUre~&4-axe I sol ated by an internediate casi ng

string 15", %I nch (194mm) di aneter, and a final casing
string 2 ” g@ i nch (140mm) casing di anet er
The wel |l 14 9sLco by mul tiple nipple 15 sections 22,24 which are

connected by a threaded union T in flow conmuni cation by fl ow
conductors 26,28. The flow conductoi 28 i s suspended from a
retrievabl e packer 30 which is rele gably set in engagenent agai nst

the bore of the l0&@5&55%16%@%hﬁgngocoagféé‘ﬁdwsgxabﬁﬁcﬁéPQHﬁg'On

suspension within the well;
a nipple coupled to said production tubing for

suspension within the well, said nipple having a tubular
5 sidewall and a longitudinal production bore, said tubular

sidewall being intersected by a longitudinal counterbore

along a dedicated sidewall section of said nipple,

wherein said production bore and counterbore'together

define a service chamber;

10 an isolation sleeve disposed in slidable,
sealing engagement against the production bore of said
tubular nipple, said isolation sleeve being shiftable
along the longitudinal axis of the tubular nipple from a
first position in which said dedicated sidewall section

15 of the tubular nipple is uncovered and exposed for
perforation by a perforating gun, to a second position in
which said dedicated sidewall section is covered by said
isolation sleeve; and

coacting latch appérétus coupled to the

20 production tubing and to the perforating gun for locating

;aid perforating gun within the service chambef of the

tubular nipple.

12. Well completién appaéatus as defined in claim
25 11, the tubular siaewail of said nipple having first and
second end portions, said dedicated sidewall section
being disposed intermediate said first and second
sidewall end portions, said first and second sidewall end

e
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20 packer- 30 includes a mandrel 32 having a | ongitudinal producti on

bore 34 for conveying formation fluid to the surface. The packer

mandr el Gore uid comuni cation with a string of 3 1/2
inch (89m) Hlﬂmmm)m,r"lm”lllubl ng 36 by a full bore landing nipple 38.
Pr oducti on ®fl'ow" hrfough the production tubing string 36 is

controll ed by a tubing retrievable safety val ve 40. Bef ore
the production tubing 36 is installed in 49 ° the full bore landing nipple

38, a work string is coupled
portions being adapted for sealing engagement with said

isolation sleeve when it is in the fully extended

position.

5 13. Well completion apparatus as defined in claim 11
or claim 12, the tubular sidewall of said niﬁple having
first and second end portions, said dedicated section
being disposed intermediate said first and second
sidewall end portions, wherein the radial thickness of

10 said dedicated sidewall section is less than the radial

thickness of said first and second sidewall end portions.

14. Well completion apparatus as defined in any one
of claims 11 to 13 includinQ first and second

is longitudinally spaced annular seal members disposed in
slidable, sealing engagement between said isolation
sleeve and the production bore of said nipple, said
isolation sleeve spanning said sidewall section of said
nipple and sealing said sidewall section when the sleeve

20 is in said covered position.

15. Well completion apparatus as defined in any one
of claims 7, 8 or 11 to 14, including a coupling sub
connecting said tuyuiar nipple to said packer, said
25 coupling sub having:a'tubular sidewall radially
intersected by an internal, annular locator slot, and
! said latch apparatus including a resilient latch arm

mounted on said service tool, said latch arm being
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8 . to thelandingmippi € and a predeterm ned vol une of cenment is
punpeg_throu h the e, the flow conductors 26,28 and the
production n l‘mfaj ﬁ annul us surroundi ng the suspended fl ow
conductors a ctkon nipples is filled with a cement deposit 42
whi ch prevents vertlcal flow of formation fluid between

20
movable from a retracted, non-interfering position to a
radially extended, latched position in which said latch

arm is received within said locator slot.

5 l6. A method for completing a well comprising:
suspending a flow conductor and a production
nipple within a well casing;
pumping cement into the annulus between the
production nipple and the well bore;
10 removing residual cement from the bore of the
production nipple; and
perforating the production nipple and the

annular cement deposit with a perforating gun.

5  17. A method for completing a well as defined in
claim 16, including the step of locating the perforating
gun in registration with a dedicated section of the
production nipple by latchiqg_the perforating gun onto
the flow conductor at a predefermined latching location

20 relative to the production nipple.

is8. A method for completing a well as defined in
claim 16 or claim 17, inciuding_the step of isolating the
production nipple by covering the dedicated sidewall

25 section with a tubular sleeve.

19. A production nipple constructed and arranged for
use and operation substantially as described herein with

o
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the hydrocarbon fornation 10 and the hydrocarbon formation 12. A seal

plug is introduced into the bore of the work strj he
cement’ fromthe 10 displacing fluid and to w pe the Hmuﬂllmﬁﬂ{lﬂﬂﬂm
packer bore, the flow conductor bores and the nippl & bdred a8 *

the cement is displaced out of the tubing and into the surroundi ng
annul ar space. After the seal plug has been renoved and the

15 production bores have been cleared ohqdebris, a perforating gun 44
Is positioned within the bore of each

reference to the accompanying drawings.

20. . Well completion apparatus constructed and
arranged for use and operation substantially as described

5 herein with reference to the accompanying drawings.

21 A method of completing a well substantially as
described herein with reference to the accompanying
drawings. -

10
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ni ppl e. The perforating gun 44 is suspended and run into the well on a

tubing string. Preferably, the tubirg~ " 'stking is a length of coi
tublng having a firing line 20 inqyﬁg. The perforating gun assenbly 44
i's equi pped with a mandrel 46 whi'ch includes an array of expl osive,
jet- type perforating charges 48. The perforating gun 44 is
coupled to the flow conductor 28 by a | ocator sub 50. Upon
detonation, each explosive charge 48 25 prodyces g high tenperature, high
pressure plas o b2 - \Which penéty ¢|-. :.of - t he nipple 22,
t he ) co\y ey :
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protective, cene l_a ehe d the surrounding formation 12. The high
tenperatuﬂ@ e plasna ] et 5§V -
9 pen tal sidewall H4-he nipple, thus produci ng a
cl ean perfo ugh the nipple sidewal | and an irregular
fracture 56 through the surroundi ng concrete | ayer and earth
formati on. _
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Preferabl notipiticed® perfornmed with the well in an

underbal& as ondltlon relative to the sur roundi ng
f or pEtT on. m‘“ ciently hlgy pressure differential, the
pressure s sur roundi ng 4— formation will break up any

conpacted material and sweep 10 It back in the well bore where it wll
be flowed to the surface. As conpacted fragments are swept away, the
ni ppl e si dewal S4-are cl eaned afng eared 6. maxi mum
inflow Aft€r)th guh 44 is "7 reRpved froﬁi;ﬁb me1| t he
well is theq Tl
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15 i mredi at e producti on. Referring now t'ol.Fi. h 3, and_Fi %

4, the_ production nipple 22 includes A tubular nmandrel Been Replacec
i ncl'udes® first and second longitudinally s d sidewal | H ﬂ" l”"’
58A, 58B. According to one aspect of the present 20 i nventi oW

mandrel sidewall sections, in this i nstance section 58A, is dedicated
for perforation by a perforating gun,Pgndlis:characterised by a | ower
resi stance to perforation in response ,t.'q_‘;_h expl,osive - force of a

shaped charge as conpared to the perforatgo ° Pt

-

FI1G.



25 resistance of the other sidewall sectlon 58B. The differentig.

resistance to perforation is obtai-ned,””™ ™ ‘according to one aspect of t¥g
present invention, by form ng the dedlcated si dewal | section 58A Wi t

a reduced Fio Lrﬁfﬂ\t ancomnany . ahe . radi al _

t hi ckness as conpared to th S|demal thﬁﬁ&ne§§néf“b”ﬂa°Lthe-nlpple section

58B.

DEDICATED PERFORATED NIPPLE

WITH INTEGRAL ISOLATION SLEEVE

5 ABSTRACT
A production nipple (22) is_spspended within an

uncased bore hole (14) in a slimhole/monobofe complétion.
A deposit of cement is conveyed through the nipple and is
spotted in the annulus across the face 6f the uncased

10 well bore, with the nipple and éement deposit thereafter
being perforated by a small diameter perforating gun
(44). The production nipple has a thin walled section
(587A) which is characterised by reduced resistance to
perforation by a shaped explosivé charge. The

15 perforating gun is accurately positioned in régistration
with the dedicated nipple sectioﬁ'by-an annular locator
slot (74) formed on a ¢oup1ing sub, which is engageable
by a resilient latch arm (76) carried by the perforating

gun.
20

(Fig. 2)

S
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The mandr el section 58B is intersected by a ' g%“

| ongi t udi na

ﬂﬁwwznws

J{«é I ‘s J,L{ L } un“
bere 60, and the dedi cated 5 si dewal | SeCtlanE& s g#ﬁﬁég F 6§ 3
r

dedi cated sidewal | section 58A. According to tH
mai n production bore 60 is enl arged by ; the
| ength of the dedicated 10 sidewal | section.

t he dedi cat ed

respect to the thickness of the nipple sidewall

10

15

20

25

1,
e
count erbore 62 whi ch extends ial; fﬁﬁ%ﬂ eﬁdﬁ{ t “&ﬁ”“dJﬁ
&) 2y \o r

& ﬁ% DRage Y.
FCergsH epagrdal Wgn@ahé R
heC§Eat al : pagedkfletospagd =..

sidewal | section 58A is reched substantlally mnth

“ﬂ, (

------------

DEDICATED PERFORATABLE NIDPLZ

WITH INTEGRAI, ISOLATION SLEEVE

This invention relates generally to apparatus
for completing downhole wells, and in particular to flow
conductors for conveying inflowing formation fluid in
watexr, oil, gas and recovery wells.

In the course of completing an cil and/or gas
well, it is common practice to run a string of protective
¢asing or liner into the well bore and then to run
broduction tubing inside the casing. The annulus between
the liner or casing and the surrounding fecrmation is
sealed with a depoéit of cement to prevent fluid flow
through the external annulus from one formation zone to
another. The cement is pumped through a work string

suspended within the casing or liner into the annular

space between the liner or casing and the surrounding

well bore.

If the lining or casing traverses a hydrocarbon-

‘bearing formation, the lining is perforated to create

flow apertures through the casing and cement so that the
formation fluids can flow into the well. The liner
and/or well casing is perforated by a perforating gun

which is suspended within the well. Shaped explosive

- charges carried by the gun blast openings through the

metal lining, the cement deposit and the surrounding

formation.
the rep\acement sheet
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58B, as shown-in Fig. 4. In those illustrations wher e t he ni ppl es
support very little hang weight, the radial 15 t hi ckness of the

dedi cat ed sidewal| section 58A can be reduced substantially relative
to the thickness of the ni ppl e sidewall section 58B.

A tubul ar sleeve in the formof an isolation,sleeve 64 is I ncor por at ed
within the production nipple 22 for the purpose of sel ectively
isolating a particular produsbh@ncdmptefioRly LoFBvEH! | B wellthierd i{& oOf
the well. That is, the isolation sleeve 64 Is shifted to a non-

interfering posuhicaBeddsaglown opehl #acd ilsNeWrhadhikhesdedireakednsi deval |
section 58A is exposed to the perforating gun 44. The isolation sl eeve
64 is al so novabkeghe Beaktongdzpasi.ti Opena®ogBOWdlen (kkgaséd)i n which the
arrangements may be utilized, for example, in water
5 wells, test wells and horizontal/deviated well
completicns. |
Some open bore hole (uncased) installations are
known as "slimhole" or "monobore" completions in which a
protective liner or casing is not installed across the
10 productive zone. In such completions, a small diameter
flow conductor is suspended within the uncased bore hole
and cement is pumped through the flow conductor into the
annulus between the flow conductor and the surrounding
earth formation. After cement residue is cleaned from
15 the flow conductor, the flow conductor and the
surrounding cement'deposit are perforated to admit
formation fluid into the well.
Because of the economies associated with
slimhole/monobore completions, there is a continuing
20 interest in improving the flow conductors used in such
completions. There is a need for a small diameng;
production nipple which can be used in vertical as well
as deviated uncased well bbres, wherein the production
nipple can be used to spot an annular deposit of cement
25 across the face of the uncased well bore, with the nipple
and protective cement deposit thereafter being perforated
reliably by a small diameter perforating gun. There is

also a need for a production nipple of the character

‘This is the replacement sheet
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perforated, dedicated sidewall section is sealed for the purpose of

I sol ati ng the zone which may be produci ng an excessi ve anount
oT_gas or water. _ The isolation sleeve 64 is received in
sl i dabl e, seal i ng engagenent agai nst the production bore 60 of the

ni ppl e mandrel. The isolation sleeve 64 _is_provided with

described which can be closed and reopened in response to changing
conditions in the producing zone.

According to one aspect of the invention there is provided a
method for completing a well comprising: suspending a flow conductor
and a production nipple having a tubular mandrel within a well bore;
pumping cement into the annulus between the production nipple and the
well bore; removing residual cement from the bore of the production
nipple; perforating the tubular mandrel of the production nipple and the
annular cement deposit with a perforating gun; and isolating the
production nipple by covering the perforated sidewall section with a
tubular sleeve.

In one embodiment, the perforating gun may be located in
registration with a dedicated section of the fubular mandrel of the
production nipple by latching the perforating gun onto the flow conductor
at a predetermined latching location relative to the production nipple. The
dedicated section of the production nipple may have a lower resistance to
shaped charge as compared to the perforation resistance of said mandrel.

In another embodiment, the nipple may have a longitudinal
production bore, said tubular mandrel may have a dedicated sidewall |
section by having a lower resistance to perforation by a shaped charge as
compared to the perforation resistance of said mandrel, and said tubular
sleeve may be disposed in slidable, sealing engagement against the
internal bore of said tubular mandrel or nipple, said tubular sleeve being
shiftable along the longitudinal axis of the internal bore between
alternative positions covering and uncovering the dedicated sidewall
section of said mandrel or nipple. |

According to this arrangement, the perforating gun is located
precisely in shoot alignment with the dedicated sidewall section of the

production nipple.
| This is the replacement sheet
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5 shi-fti
Supported
exenpl ary
58A is

sl eeve 64,
dedi cat ed
with the i

ng shoul ders 64A, 64B which are engagabl e by a shifting tool
on awre line or by a coiled tubing string. Although the
enbodi mnent shows that the dedicated nipple sidewall section
~arranged for exposure by downshifting the isolation 10
it will be appreciated that fHRe_respective posi tions of the
ni ppl e section 58A and nipple section 58B could be reversed,
sol ation sl eeve 64 being shifted upwardly for exposure of

t he dedi cat ed si dewal | secti on.

Latch apparatus may be mounted on said flow conductor for
locating a perforating gun at a predetermined service position adjacent to.the

dedicated sidewall section of said nipple.

The flow conductor may have a tubular sidewall radially
intersected by an internal, annular locator slot, and said latch apparatus may
include a resilient latch arm carried by said perforating gun, said latch arm
being movable from a radially. retracted, non-interfering position to a
radially extended, latched position in which said latch arm is received within
said locator slot. | '

First and second longitudinally spaced annular seal means may
be disposed in slidable, sealing engagement between said tubular sleeve and

said bore of the nipple, said nipple and first and second annular seal

" members engaging said bore when said sleeve is in the covered position.

In another embodiment a packer may be provided having
anchor slips for engaging a well 'casing and having a longitudinal bore for
passing a perforating gun to and from a well location below the packer. In
this embodiment, the flow conductor comprises production tubing coupled
to said packer for suspension within the well; and the nipple is provided
with a longitudin_al production bore, said tubular mandrel being
intersected by a longitudinaI counterbore along a dedicated sidewall
section of said nipple. Also, in this embodiment, the production bore and
counterbore together define a service chamber, and the tubular sidewall of
said nipple has first and second end portions, said dedicated section
having disposed intermediate said first and second sidewall end portions,
and the radial thickness of said dedicated sidewall section is less that the
the radial thickness of said first and second sidewall end portions. The
tubular sleeve, in this embodiment, is disposed in slidable, sealing
engagement against the production bore of said tubular nipple, said
tubular sleeve being shiftable along the longitudinal axis of the tubular

This is the replacement sheet
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15 As can best be seen in Fig. 4, the isolation sl eeve 64
spans the conplete length of the dedicated sidewal | section 58A, wth
t he count erbore 62 being sealed with respect to the production bore
60 by first and second annul ar seal nmenbers 68, 70, respectively. The
20 annul ar seal menbers 68,70 are curved-nol ded seal s which are
carried in annular slots forned in the shifting shoul ders 66A, 66B,
respectively. Referring to Fig. 5, the isolation sleeve 64

s ' eﬁ?p‘p‘ieq"rom a flrs% osﬁggrcli in tvslfl?ﬂ:hbgglﬁ ggdx%;tetcp gicf]eivpﬁll Section of the
tubular nipple is uncovered and exposed for perforation by the perforating
gun to a second position in which said dedicated sidewall section is covered
by said tubular sleeve. '

- Coacting latch apparatus may be coupled to the production
tubing and to the perforating gun for locating said perforating gun within the
service chamber of the tubular nipple.

The first and second sidewall end portions may be adapted for
sealing engagement with said tubular sleeve when it is in the fully extended
position. |

First and second longitudinally spaced annular seal members
may be disposed in slidable, sealing engagement between said isolation
sleeve and the production bore of said nipple, said tubular sleeve spanning
said sidewall section of said nipple and sealing said sidewall section .whén
the sleeve is in said covered position.

A coupling sub may. connect said tubular nipple to said
packer, said coupling sub having a tubular sidewall radially intersected by
an internal, annular locator slot, and said latch apparatus may include a
resilient latch arm mounted on said perforating gun, said latch ami being
movable from a retracted, non-interfering position to a radially extended,
latch position in which said .latch arm is received within said locator slot.

Because of the reduced radial thickness of the dedicated
sidewall section, reliable puncture and penetration through the nipple,
cement deposit and earth formation can be obtained with a smaller, less
powerful explosive charge.

Reference is now made to the accompanying drawings in

which:

This is the replacement sheet
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25 mandrel 58 in a non-interfering position in which the dedi cat ed

sidewal | section 58A of the nipple is uncovered, thus . permtting the
flow of formation fluid t hrough the nipple perforations 56, as
i ndi cated by the ' 12 arr ows

72.  As shown in Fig. 6, the dedicated sectign 58A

Fig. 1 is a simplified-schematic diagram shéwihg
a vertical section through two producing formations which
are intersected by an uncased well bore which has been
completed with two production nipples suspz2nded frem a
5 retrievable packer; |
Fig. 2 is a simplified, sectional view which
illustrates perforation of the production nipple, cement
deposit and formation in a élimhole/moﬁobore completion;
Fig. 3 is a longitudinal sectional view of the
10 production nipple of Fig. 1 showing the isolation sleeve
in its uncovered position with the dedicated section of
the production nipple being exposed for perforation;
| Fig. 4 is a view similar to Fig. 3 in which the
isolation sleeve is in its covered position'in which the
15 dedicated sidewall of the productipn nipple is sealed;
Fig. 5 is a longitudinal sectional view of the
slimhole/monocbore completion showing the production of
formation fluid through the perforated nipple;
Fig. 6 is a view similar to Fig. 3 in which
20 fluid flow through the production nipple has been
terminated by an isolation sleeve; and, ]
Fig. 7 is a simplified, sectional view which
illustrates a horizontél well completion in an uncased
bore hole in which multiple production nipples are .
25 positioned in registratidn with multiple producing zones.
In the description which follows, like parts are
indicated throughout the specification and drawings with

the same reference numerals, respectively. The drawings

This is the replacement sheet
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I's conpletely covered by the isolation sleeve 64, and the count er bore
62 is sealed by the annular seals 68,70, thus preventing the inflow
of formation fluid through the 5 nipple perforations 56.

In sone installations, the flow conductor 28 is suspended directly
fromthe well head, with one or nore preduction nipples 22,24 being
suspended within an uncased well bore, typically in a shallow

slinmhole/ 10 rxwheie ﬁ@iésé&?ﬁrﬂlftﬂd)rhcalé"' a?d&?*hﬂé"%ix%ﬂ@iﬁ%fs dehe
perforating gun 44 may be | ocated accurately when th
certain parts have been exaggerated to better illustrate
details of the invention.
Referring now tO.rlg 1, a first hydrocarbon
5 formation 10 and a second hydrocarbon formation 12 are
intersected by an uncaSed well bore 14. Tae uncased well
bore 14 is sealed from the surface by a primary casing
string 16, having an 11 inch diameter, which is secured
to the wellhead assembly. intermediate zcnes of the
10 uncased well bore 14, are isolated by an intermediate
casing string 18, having a 7% inch (194mm) diameter, and
a final casing string 20, having a 5% inck (140mm) casing
diameter. _
The well 14 is completed by multiple nipple
15 sections 22,24 which are connected by a threaded union T
in flow communication by flow conductors 26,28. The flow
conductor 28 is suspended from a retrievable packer 30
which is releasably set in engagement against the bore of
the lowermost casing 20. The retrievable productioﬁ
20 packer 30 includes a mandrel 32 having a longitudinal
production bore 34 for cenveying formation fluid to the
surface. The packer mandrel bore is coupled in fluid
communication with e string of 3% inch (89mm) production
tubing 36 by a full bore landing nipple 38. Production
25 flow through the produetion tubing string 36 is
controlled by a tubing retrievable safety valve 40.
Before the production tubing 36 is installed in

the full bore landing nipple 38, a work string is coupled
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depth of the production nipple is known. The operétor . runs the

perforating tool until the length of the coiled t ubi ng corresponds
with the known depth of the production 15 nipple. However, -that nethod
becones | ess accurate for deep wells, in particular for wells which
may have | at eral devi ations.. 8 Referring nowto Fig. 2,
accurate positioning of the perforating gun 44 is provided by an
annul ar | ocator t@0theslahdidgfRipplle candhg pHiowecondigéa@rva@Bumandt a
resilient, defl ectable latch arm 76 carried on the |l ocator sub 50.

cement is pumped through the packer bore, the Zlow
conductors 26,28 and the production nipples 22,24. The
annulus surrounding the suspended flow conductors and
5 production nipples is filled with a cement deposit 42
which.prevents vertical flow of formation Zluid between
the hydrocarbon formation 10 and the hydrocarbon
formation 12. A seal plug is introduced into the bore of
the work string to separate the cement from the
10 displacing fluid and to.wipe the cement from the packer
bore, the flow conductor bores and the nipple bores as
the cement is displaced out of the tubing and into the
surrounding annular space.
| After the seal plug has been removed and the
15 production bores have been cleared of debris, a -
perforating gun 44 is positioned within the bore of each
nipple. The perforating gun 44 is suspended and run into
the well on a fubing'string; Preferably, the tubing
string is a length of coil tubing having a firing line
20 inside. The perforating gun'assembly 44 is equipped with
a mandrel 46 which includes an array of explosive, jet-
type perforating chargeé 48. The perforating gun 44 is
coupled to the flow conductor 28 by.a locator sub 50.
Upon detonation, each explosive charge.48
25 produces a high temperature, high pressure plasma jet 52
which penetrates the sideWall of the nipple 22, the
protective cement layer 42 and the surrounding formation

12. The high temperature,'high pressure plasma jet 52
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The resilient, deflectable latch arm 76 is novable froma retracted,
non-interfering position which permts travel of the perforating gun
44 through the production bore, to 25 a radially extended, |atched
position, as shown in Fig. 2, inwhich it is received within the

| ocator slot 74. According to this ar?angenent, the perforating gun
44 i s | ocated precisely in shoot alignnment with the dedicated

penetrates the metal sidewall of the nipples, thus
producing a clean perforaticn 54 through the nipple

sidewall and an irregular fracture 56 thrcugh the

surrounding concrete layer and earth forma:tion.

[¥4]

Preferably, the shoot is performed with thz well in an
underbalanced pressure condition rslative to the
surrounding formation. With a sufficientiy high pressure
differential, the pressure surge from the surrcunding
formation will break up any compacted material and sweep
10 it back in the well bore where it will be flowed to the
surface. As compacted fragments are swept away, the
nipple sidewall perforations 54 are cleaned and cleared
for maximum inflow. After the perforating gun 44 is
removed from the well, the well is then ready for
15 immediate production.

Referring now to Fig. 3 aﬁd Fig. 4, the
production nipple 22 includes a tubﬁlar mandrel 58 which
includes first and second longitudinally spaced sidewall
sections 58A,58B. According to one aspect of.the present

20 invention, one of the mandrel sidewall sections, in this
instance section 58A, is dedicated for perforation by a
perforating gun, and is characterised by a lowe£ |
resistance to perforation in response to the explosive
force of a shaped charge as compared to the perforation

25 resistance of the other sidewall section 58B. The

differential resistance té perforation is obtained,
according to one aspect of the present invention, by

forming the dedicated sidewall section 58A with a reduced
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13 = sidewall section 58A of the production nipple 22. The

| ongi tudi nal distance of the dedicated nipple sidewall section 58A
relative to the locator slot 74 is known, and the Il ength of the
perforating gun 46 relative to the 5 latglparm76 is adjusted with a
coupling sub 78 so that t he expl osive charges 48 are centered in shoot
al i gnment Bldig U JkeRgish 2f ddipded ¢l etenispAk&asidenakknsest b@n
58A when the latch arm 76 is received in detented engagenment with the

| ocator slot 74he nipple section 58B.
The mandrel section 58B is intersacted by a
longitudinal production bore 60, and the dsdicated

sidewall section 582 is intersected by a lcagitudinal

wn

counterbore 62_which1extends along the lencth of the
dedicated sidewall section 58A. Acccrding to this
| arrangement, the main production bore 60 is enlarged by
the counterbore 62 along the length ¢f the dedicated
10 sidewall section. The fadial thickness of the dgdicatéd
. sidewall section 58A is reduced substantially with
respect to the thickness of the nipple sidswall section
58B, as shown in Fig. 4. 1In those illustrations where
the nipples support very little hang weight, the radial
15 thickness of the dedicated sidewall section S58A can be
reduced substantially relative to the thickness of the

nipple sidewall section 58B.

A tubular sleeve in the form of an isolation sleeve 64 is
incorporated within the producfion nipple 22 for the purpose of
selectively isolating a particular production zone at any time during
the life of the well. That is, the isolation sleeve 64 is shifted to a non-
interfering position, as shown in Fig. 2, in which the dedicated sidewall
section 58A is exposéd to the perforaﬁng gun 44, The isolation sleeve

64 is also movable to a closed position, as shown in Fig. 4, in which the
perforated, dedicated sidewall section is sealed for the purpose of

isolating the zone which may be
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10 It wll be appreciated that because of the reduced
radi al thickness of the dedicated nipple sidewall section 58A,
reliable puncture and penetration through t he nipple 22, cenent
deposit 42 and earth formation 10 campe obtained with a smaller,

| ess power f ul
charge is

explosive 15 charge. Since a |ess powerful explosive

required, the perforating gun 46 can be physically

smal ler in di an@R%UGENE &h PecesFivehranppnt f gag |or wateyj anet er

production tubing (3 1/2 inch or .smaller) utilized

] in_ :
sl i mhol e/ monobor e conpl et T&fs 1sgd@sdon sileeNe féddEedeceived in slidable,

(9)]

1C

15

20

25

sealing engagement against the production bore 60 of the
nipple mandrel. The isolation sleeve 64 is provided with
shifting shoulders 64A,64B which are engacable by a
shifting tool supported on a wire line or by a coiled
tubing string. Although the exemplary embodiment shows
that the dedicated nipple sidewall section 58A is
arranged for exposure by downéhifting the isolation
sleeve 64, it will be appréciated that the respective
positions of the dedicated nipple section 58A and nipple
section 58B could be reversed, with the isolation sleeve
64 being shifted upwardly for exposure éf the dedicated
sidewall section.

As can best be seen in Fig. 4, the isolation
sleeve 64 spans the complete length of the dedicated
sidewall section 58A, with the counterbore 62 being

sealed with respect to the production bore 60 by first

and second annular seal members 68,70, respectively. The_

annular seal members 68,70 are curved, molded seals which

are carried in annular slots formed in the shifting

shoulders 66A,66B, respectively. )
Referring to Fig. 5, the isolation sleeve 64 is

received within the production bore 60 of the nipple

"mandrel 58 in a non-interfering position in which the

dedicated sidewall section S8A of the nipple is
uncovered, thus permitting the flow of formation fluid

through the nipple perforations 56, as indicated by the
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20 si zing provided by the production nipple, the well may be

drilled with a smaller rig, less well control nmaterial is required
during drilling of the bore hole, the quantity of cenment required is
reduced, and the size and quantity of Qsing and tubing required to
conplete the well are 25 reduced. Moreover, "the well may be conpl eted on
coiled . tubing, thus further reducing the cost of the conpletion
string and redudarpushe’dverkd |shawre iredig eds f othe dedidaredaldeattiiom SEAce
coiled tubing may be utilized, the

is completely covered by the isolation slesve 64, and the
counterbore 62 is sealed by the annular seals 68,70, thus

preventing the inflow of formation f£luid tiarough the

wn
e}

1ippl

()]

perforations 56.

In some installations, the flow conductor 28 is
suspended directly from the wellhead, witk one or more
production nipples 22,24 being suspended within an
uncased well bore, typidally in a shallow.slimhole/

10 monobore well completion. In such installations, the
perforating gun 44 may be located accurately when the
depth of the production nipple is known. The operator
runé_the perforating tool until the length of the coiled
tubing corresponds with the known depth of the production

15 nipple. However, that method becomes less accurate for
~deep wells, in particulér for wells which may have
lateral deviations.

Referring now to Fig. 2, accurate positioning of
the perforating gun 44 is pfovided by an annular locator

20 slot 74 formed on the flow conductor 28, and a resilient,

. deflectable latch arm 76 carried on the locator sub 50.
The resilient, deflectable latch arm 76 is movaéie from a
retracted, non-interfering position which permits travel -
of the perforating guﬁ 44 through the production bore, to

25 a radially extended, latched position, as shown in Fig.
2, in which it is received within the locator slot 74.
According to this érrangement,lthe perforating gun 44 is

located precisély in shoot alignment with the dedicated
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14 well may be conpleted or reconpleted w thout the necessity of killing
the well, thereby reducing the potential for damage to the reservoir.
Moreover, in nultizone conpletions, the production nipples nay be opened
and cl osed as desired, either sequentially or selectively, for isolating a
zone which may be producing too nuch water 1ér gas. The production nipples
of the present invention may also be used in uncased, hori zontal

conpl etions as siklewaliln sicgioch 58A of the prodogghiorhair®dentilon &€ been

described with reference to an oil well conpletion, and with reference to
longitudinal distance of the dedicated niccle sidewall

section S58A relative to the locator slot 74 is known, and

the length of the perforating gun 46 relztive to the

u

latch arm 76 is adjusted with a coupling s:ub 78 .so that

the expiosive charges 48 are éentered in shoot alignment

along the length of the dedicated nipple sidewall.section
58A when the latch arm 76 is received in dstented

engagement with the locator slot 74.

10 | It will be éppreciated that because of the
reduced radial thickness of the dedicated nipple sidewall
section 58A, reliable puncture and penetration through
the nipple 22, cement deposit 42 and earth formation 10
can be obtained with a smalier, less powerful explosive

15 éhargeﬂ Since a less powerful explosive charge is
required, the perforating gun 46 can be physically
"smaller in diameter, and cah be run through the small
diameter production tubing (3% inch or smaller) utilized
in slimhole/monobore completions. Because éf the reduced

20 sizing provided by the production nipple, the well may be
drilled with a smaller rig, less well control material is
required during drilling of the bore hole, the qﬁéntity
of cement required is reduced, and the size and quantity
of casing and tubing required to complete the well are

25 reduced. Moreover, the well may be completed on coiled

tubing, thus further ieducing the cost of the completion

string.and reducing the overall time required for

installation. Since coiled tubing may be utilized, the
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particul ar preferred enbodi nents, the foregoing description is not intended
to be construed in alimting sense. The well conpletion mnethod

according to the present invention may be used to good advantage in

al ternative applications, for exanple, imgas wells, environmental wells,’

i ncluding nonitoring wells, recovery wells and disposal wells. It is
therefore contenplated that the invention includes any such applications

O nCPr RRAA! GG Rl GUTIC 0N SIRAAL S5 the nece FAWE L
A method for conpléting a conpri si ng: suspend

of k1111ng the well thereby reducing the potent*al for

damage to the reservoir. Moreover, in multizone

completions, the production nipples may be opened and closed

as desired, either sequentially or selectively, for

isolating a zone which may.be producing too much water'or-

gas. The production nipples of .the §resent invention may
also be used in uncased. horizontal complstions as Shown in
Fig. 7. .

Although the invention has been described with
reference to an oil well completidn, and with reference to
particular preferred embodiments. the foregoing description
is nct intended to be construed tn a limiting sense. The
well completion method accordlng to th=e presedt invention
may be used to good advantage in alternative applications,
for example, in gas wells, environmental wellé, including
monitoring wells, recovery wells and disposal welis. It is
therefore contemplated that the invention includes any such
applications which incorporate the well ccmpletion method

disclosed.
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fl ow conductor and a production nipple having a tubular nandrel within a

wel | bore; punping cenent into the annul us between the- ' '

and the well bore; renoving residual cement fromthe bomﬂmm“mmummnml on
ni pple; perforating the tubular mandrel of;sthe productiofi nfFppte "™nd the
annul ar cenent deposit with a perforating gun; and isolating the production

ni ppl e by cqveairnggt he perforated sidewall section with a tubular sleeve.
2. A‘I’T’E%‘%@accordi ng to claim1, further conprising |locating the

perforating Igun in regAshediodfon¢smpletingiacatetldcomptising ofsuspenditphar
mandrel of the production nipple by l'atching the perforating gun onto the -
fI ow conductfbowatordyntedandrarpredindtaon mipple hewirpa tublitarimendrelt within a

production ni ppl e. 3. . A et hod according to clagm 2, wherein the
dedi cat ed se¥elld0ré; RUIBP aemeEndAnte bt enpyles Bebveen the progueiionng a

oner Tesi stan8Fe b8 HHERFE B30 GeRRoRATPAS b PodEnP EIdS b e iR ance
- production nipple; perforating the tubular mandrel of the production

nipple and the annular cement deposit with a perforating gun; and

isolating the production nipple by covering the perforated sidewall

- section with a tubular sleeve.

2. A method according to clai_m 1, further comprising locating
the perforating gun in registration with a dedicated section of the tubular
mandrel of the production'nippl'e by latching the perforating gun onto the
flow conductor at a predetermined latching location relative to the

production nipple.

3. A method according to claim 2, wherein the dedicated
section of the production nipple is characterised by having a lower
resistance to shaped charge as compared to the perforation resistance of

said mandrel.

4. : A method according t_b claim 1,- wherein the nipple has a

~ longitudinal production bore, said tubular mandrel has a dedicated
sidewall section characterised.by having a lower resistance to perforation
by a shaped charge as compared to the perforation resistance of said
mandrel, and said tubular sleeve is disposed in slidable, sealing |
engagement against the internal bore of said tubular mandrel or nipple,
‘said tubular sleeve being shiftable along the longitudinal axis of the
internal bore between alternative positions covering and uncovering the

dedicated sidewall section of said mandrel or nipple.
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section characterised by having a | ower resistance to p

4. . A nmet hod according to claim 1, wherein the n| “&has
shaped charge as conpared to the perforati resistance of said dandrel,

| ongi tudi nal production bore, said tubul ar mandrel has w’“ﬂﬂm[gﬂ"m I

- and said tubular sleeve is disposed in slidable, sealing engagenent agai nst

the internal bore of said tubular nmandrel or nipple, said tubular sleeve
bei ng shiftable along the |ongitudinal axis of the internal bore between

alternativegpositions c r the t
et oot of o e 91‘(()§{Hr9|'39 a?@grdi'ﬁ%o‘(@ d138nt B velechesRIIBECIS apPahtus is
16 mounted on said flow conductor for locating a perforating gun at a

predetermined service position adjacent to the dedicated sidewall section of

said nipple.

6. - A method according to claim 5, wherein the flow conductor has
a tubular sidewall radially intersected by an internal, annular locator sloft,
and said latch apparatus includes a resilient latch arm carried by said
perforating gun, said latch arm being movable from a radially retracted, non-
interfering position to a radially extended, latched position in which said

latch arm is received within said locator slot.

7. A method according to claim 4,5 or 6, wherein first and second
longitudinally spaced annular seal means are disposed in slidable, sealing
engagement between said tubular sleeve and said bore of the nipple, said
nipple and first and second annular seal members engaging said bore when

said sleeve is in the covered position.

8. A method according to claim 1, wherein a packer is provided
having anchor slips for engaging a well casing and having a longitudinal bore
for passing a perforating gun to and from a well location below the packer;
‘the flow conductor comprises production tubing coupled to said packer for
suspension within the well; the ;_iipple is provided with a longitudinal
production bore, said tubular mandfel being intersected by a longitudinal
counterbore along a dedicated sidewall sectidn of said nipple, wherein said
production bore and counterbore together define a service chamber, and
wherein the tubular sidewall of said nipple has first and éecond end portions,
said dedicated section is disposed intermediate said first and second sidewall

end portions, and the radial thickness of said dedicated sidewall section is
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5. A nmet hod according to claim4, wherein |atch apparatus 1S
nounted on said flow conductor for |ocating a perforati

pi edet ermi ned service position adjacent to the dedicat e:!;ﬂmnm\!gllmﬂuwuﬂn
of said nipple. 6. A met hod aggording to claimb5¢ waereirs

fl ow conductor has a tubular sidewall radially intersected by an internal,

annul ar locator slot, and said |atch apparatus includes a resilient latch
armcarried by said perforating gun, said | atch arm being novable froma

radial |y ejdaahed endIPiial BIRAGRSE BT 08t} seankG e onachigbWalPEh @ pitions:

| at ched position I n atch armis received wthin said’| ocator -

slot. 7. and saidAubBldidleeve 9§ disiibded il slidnble sealifhg evgagtment agdinand
second |l ongitudinally spaced annul ar seal means are_ disposed in slidable,

seal i ng engtige npradurtione drorsanfl saidutubular cripplengaihitubpbare sleevigebaingl e,

said nipple and first and second annul ar seal nber s _engagi.ng. sai d hore
when sai d sFbiffables along rheclpngiadingd axisnof the tubular 1p ¢ %rom ‘a frrst

‘position in which said dedicated sidewall section of the tubular nipple is
uncovered and exposed for perforation by the perforating gun to a second
position in which said dedicated sidewall section is covered by said tubular

sleeve.

9. A method according to claim 8, wherein coacting latch apparatus
is coupled to the production tubing and to the perforating gun for locating

said perforating gun within the service chamber of the tubular nipple.

10. A method according to claim 9, wherein said first and second
sidewall end portions are adapted for sealing engagement with said tubular

sleeve when it is in the fully extended position.

11. A method accordin_g.to claim 9 or 10, including first and second
longitudinally spacéd anﬁular seal members disposed in slidable, sealing
- engagement between said isolation sleeve and the production bore of said
nipple, said tubular sleeve spanning éaid sidewall section of said nipple and

sealing said sidewall section when the sleeve is in said covered position.

12. A method according to claim 9,10 or 11, including a coupling
sub connecting said tubular nipple to said packer, said coupling sub having
a tubular sidewall radially intersected by an internal, annular locator slot,
and said latch apparatus includes a resilient latch arm mounted on said

perforating gun, said latch arm being movable from a retracted, non-
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8. ) A method according to claim1l, wherein a patka—rs—m“ovrded—
havi ng anchor slips for engaging a well casing and haV| n nal
bore for passing a perforating gun to and froma well mllg ﬁ!‘ﬂﬂmj ml
packer; the flow conductor conprises production tubi ng C .
packer for suspension within the well; th&8nipple is provided wth a

| ongi tudi nal production bore, said tUbuIar mandrel being intersected by a
| ongi tudi nal counterbore along a dedicated sidewall section of said nipple,

Chaner , aniPBHErE SIHOR A AR BT FEGE 1BROERFITfiEls Mhighaalegh
second end RARti 5(} vggl‘f}iﬂlﬁg safd eecHRetslen is di sposed i nternedi ate said
en

first and secon portions, and the radial thickness of said
dedi cated sidewal | section is

This is the replacenent sheet
Dat e: 13. A method of completing a well substantlally as described herein

with reference to the accompanying drawings.
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17 | ess than the radial thickness of said first and second sidewal |l end
portions; and said tubular sleeve is disposed in slidable, sealing
engagenent agai nst the production bore of said tubular nipple, said tubular
sl eeve being shiftable along the |ongitudinal axis of the tubular nipple
froma first position in which said dedicated%idewal | section of the
tubul ar nipple is uncovered and exposed for perforation by the perforating
gun to a second position in which said dedicated sidewall section is
covered by said tubul ar sl eeve. 9. A met hod according to claim
8, wherein coacting | atch appar 2EBLGATEIL RERRORATEINNIRRIEICt i on t ubi ng and
to the perforating gun for locating said perforating gun W thi.n the service
chanber of the tubul ar ni pp| e. WITH INTEGRAL ISOLATION SLEZVE

A production nip?lé (22) is suspended within an

uncased bore hole (14) in a slimhole/monokore completion.
A deposit of cement is conveyed through the nipple and is
spotted in the annulus across the face of the uncased

10 well bore, with the nipple and cement depcsit thereafter
being perforated by a émall diameter_perfcrating gun
(44) . The production nipple has a thin wziled section
(587A) which is characterised by reduced resisténce to
perforation by a shaped explosive charge. The

is perforéting gun is accurately positioned in registration
with the dedicated nipplé section by an.annular locator
slot (74) formed on a coupling sub, which is engageable
by a resilient latch arm (76) carried by the perforating
gun.

20

Fig. 2
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10. A met hod according to claim9, wherein said first and second
sidewal | end portions are adapted for sealing engagenent with said tubul ar
sl eeve when it is in the fully extended position. 11. A et hod
according to claim9 or 10, including first and second |ongitudinally
spaced annul ar seal menbers disposed inislidable, seéaling engagement

bet ween said isol ation sleeve and the producti,on bgore of said nipple, said

t ubul ar sl eeve s W said sidewal | seclt-GWd | ‘wldnd “seal i ng
sai d sidewal |l sefiiii onfihen the sleeve is -i'n{gd Se\t:i G 12.
A met hod accordiji toflal ai m 9,10 or 11, .i ncfludi ~s.ub -connecti ng
sai d tubul ar 3fAi sai d packer, said eoUf 1 "t&bu}@r
si dewal | radiall i flisected by an inter.nal -ot, and
said | atch appar Acludes a resitg ent- 1 a - Oh sdi d
perforating 4o atch arm bei ng nova IP f )y b dd, nen74
< lo i .
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interfering position to a radially extended, latch position in which said
| atch armis received within said |l ocator slot. 13. A net hod of
conpleting a well substantially as described herein with reference to the
acconpanyi ng draw ngs.
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