VEL L™ CﬁNPLETICN APPARATUS This i nvention relates generally to an apparatus

and nethod for- conplatlng a domnhole well. In the course of conpleting. an .-

oi | and/or gas well, is common’practice to run a string tHNSeBEEN
. gas: W ﬁ“?

casing or liner into the wel | bore and then to run producti Pﬂ“ﬁ psi de

the casing. The annulus between the liner or ca5|ng and tHe_sur

|

formation i s seal ed
760 Lms‘é'ﬁ
THOs co,m]

WELL COMPLETION APPARATUS

This invention relates generally to an apparatus
and method for completing a downhole well.

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 surrounding formation is sealed
with a deposit of cement to prévent fluid flow through the
external annulus from one formation zone to another. The

"cement is pumped through a work sfring 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 lihing is perforated to create flow
apertures through the casingfahd 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. '

In some completions, however, the well bore is

uncased, and an open face is established across the o0il or

gas bearing zone.
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completions. In one form of such uncased completions, a
relativeiy 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 this type of
uncased completion, there is a continuing intereét in improving
the flow conductors used in such completions. There is a need
in such completions for a small diameter nipple, incorporated in
the well flow conductor, which can be used in vertical as well
as deviated uncased well bores, and reliably perforated by a
small diameter perforating gun. There is also a need for
apparatus and methods for closing off the flow openings in a
small diameter nipple of the type described. It is accordingly
an object of the present invention to provide sucﬁ a nipple and
associated flow opening closure apparatus and methéds.

In carrying out principles of the present invention, in
accordance with a preferred embodiment thereof, a specially
configured tubular nipple structure is provided that may be
coaxially placed in a .subterranean well flow conductor, and
positioned therein to extend through a subsurface fluid.

production zone. In a representative well completion, a
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f or mati on fluids can flowinto the well. The liner and/or well casing—is—

perforated by a perforating gun which is suspended w thin rnﬂSVEHEEliaﬁhﬁﬁéﬂ-
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LK -

l'i ni ng, the cenent deposit and the surrounding formation. —SOfe
conpl etions: however, the well bore is uncased, and an open face is

establ i shed across the‘%écd@%i&%sth%hbngrégﬁﬁt invention, there is

provided a subterranean well completion apparatus, which
compfises a tubular well flow conductor for extending
through a subterranean well bore, the conductor having
coaxially installed therein a tubular nipple extending along
an axis, said nipple having a radially enlarged annular
interior side surface poéket area formed in a longitudinal
section of said nipple through whigh flow openings radially
extend; and a tubular sealing member coaxially and
nonmovably disposed within said longitudinal section, said
tubular sealing member being in forcible, radially outwardly
directed contact with the'interiqr side surface of said
longitudinal section and sealing off said flow openings.

In carrying out the present invention, in
accordance with a preferred embodiment thereof, a specially
configured tubular nipple structure is used that may be
coaxially placed in a subterranean well flow conductor, and

positioned therein to extend through a subsurface fluid

production zone. In a representative well completion, a
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longitudinally spaced plurality of the nipples are used, each
nipple extending through a subsurface fluid production zone.

Each nipple has an increased interior diameter along a
longitudinal section thereof. .Accordingly,-the wall thickness
of this longitudinal section is reduced relative to the balance
of the nipple. Such wall thickness reduction in the longitudinal
nipple section substantially facilitates its perforability.

Interiorly formed in a non-thinned wall section of each
nipple structure is an annular tool locator member receiving
profile. The contour of each such profile may be differeﬁt than
those of all of the otherlprofiles.

The thinned-wall section of each nipple may have flow
openings formed therethrough either before or after the nipple
is operétively'positioned within a production zone portion of the
well bore. When the nipple flow openings are formed after
subsurface placement of the nipples, for example by a shaped
charge perﬁoration gun, the gun structure may have mounted
thereon one of an interchangeabl§ﬂseries of radially expandable
locator members each configured t§ be removably and lockingly
received in a selected one of the interior nipple profiles.
Acéordingli, the perforation gun can be very precisely located
at any selected one of the thinned-wall nipple sections without
the necessity of electromagnetically senéing and counting piping
joihts (a2 process commonly referred to as "collar logging") as
the perforation gun is lowered into place through the flow
conductor.

According to a primary'aspect of the present invention, any

longitudinal portion of the thinned-wall nipple section may be
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uncasedl bore hol e and cenent is punped t hrough the fIOM/conductor into the

annul us between the flow conductor and the surroundi ng earjt Zdﬂgh
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into the well. Because of the econom es associated with thls type of
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conductors used in such conpletions. There is a need
preferably in the form of a conventional, radially expandable
tubulér metal patch member lowered into the thinned-wall nipple
section on a conventional patch—setting tool. Precise location
of the tool {(and thus the expandable patch member carried
thereon) within the flow conductor is achieved by appropriately
mounting on the setting tool structure a radially expandable
locator member simi;ar to that described above in conjunction
with the perforation gun.

Thus, by appropriately selecting the locator member carried
by the patch-setting tool, the expandable patch member may be
precisely positioned within the perforated thinned-wall nipple
section to be sealed, without the necessity of
electromagnetically sensing and counting piping joints as the
setting tool structure is lowered into place through the flow
conductor.

After the patch member is lowered into place within the
perforated thinned-wall nipple section, an expander portion of
the setting tooi is pulled upwardly through the patch member (and
subsequently out of the flow conductor) in a conventional manner
to radially expand the patch into sealing engagement with the
interior side surface of the thinned-wall nipple section.

Importantly, since the cylindricél patch is installed within

- an enlarged internal diameter section of the nipple, the interior
diameter of such nipple section may be appropriately correlated
with the installed inner diameter of the patch in a manner such
that the installed patch member does not reduce the "drift®

(i.e., the minimum interior diameter) of the flow conductor.
—_ rEee ME S :
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in such conpletions for a small dianeter nipple, incorporated in the well

fl ow conductor, which can be used in vertical as well as :
wel | bores, and reli abl y perforated by_agmall dianeter p r P oSHERG WAS) BEEN
There is also a need for apparatus and nethods for closind off REPLAGEOW '
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accordingly an object of the present -i nvention to provi de such a ni pple and

associ at ednf LOW-RENIIRY HIBHYR ARRFLAIILS Ghskr@t hogsxrtion of the nipple

structure, the interior side surface of the installed patch

member does not radially encroach inwardly beyond the diametrical

periphery of the balance of the nipple structure.
In order that the invention may be more fully

understood, various embodiments thereof will now be

described, by way of illustration only, with reference to
the accompanying drawings, wherein:

FIG. 1 is a simplified schematic 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 retrievable packer;

FIG. 2 is a simplified, sectional view 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 production
nipple of FIG. 1 showing the isolation sleeve in its uncovered

position with the dedicated section of the production nipple

being exposed for perforatiom;

.

FIG. 4 is a view similar to FIG. 3 in which the isolation

sleeve is in its covered position in which the dedicated sidewall

of the production nipple is sealed;

FIG. 5 dis a longitudinal sectional view of the
slimhole/monobore completion showing the production of formation

fluid through the perforated nipple;

/
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- 3- Aczcordi*ng to the present invention, there is provi ded g—subterranean .
wel | conpl etion apparatus, which conpri ses, a tubul ar wel | [f TRH& SHEETUBAD IBEEN

for extending through a subterranean welT ‘bore, the condudgtor hREppACED

FIG. 6 1is a view similar to FIG. 3 in which fluid flow

through the production nipple has been terminated by an isolation

sleeve;

FIG. 7 is a simplified, sectional view which illustrates a

horizontal well completion in an uncased bore hole in which

_
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coaxially installed therein a tubul ar nipple extending along an axis, said

ni ppl e having a radially enlarged annular interior side surface pocket area
formed in a | ongitudinal section of said_g%pple t hrough whi gITHiS ogH Wq@ﬁﬂ@ﬁfM
radially extend; and a tubul ar sealing nmenber coaxially and }nonno ,

di sposed whhhi; %ll%a'd}dd?ﬂﬂ:'ﬂoﬁ'zdhﬁ lggcgkgn 0$3q ohidBul ar ré?%%

being in forci radially outwardly directed contact w
si de surfgggtebisaifoducing zones;

FIG. 8 is a longitudinally foreshortened, highly schematic

the 1nterior

side elevational view of a portion of the well completion in
which two alternatively configured nipples are operatively
connected;

FIG. 9 is an enlarged scale partial cross-sectional view,
taken along line 9%-9, through one of the FIG. 8 nipples;

FIG. 9A is a cross-sectional view similar to that in FIG.
9 and schematically illustrating a setting tool being used to
axially position an expandable tubular patch member in a thinned-
wall, increased interior diameter longitudinal section of the
FIG. 9 nipple;

FIG. 9B is a cross-sectional view similar to that in FIG.
94, but with the setting tool removed and the tubular patch
operatively expanded into intermally sealing contact with the
thinned-wall section of the élternatively'configured nipple; and

FIG. 10 is a slightly enlarged scale cross;;ectiCnal Qiew
through tﬁe alternatively cOnfiguééﬁ nipple taken along line 10-
10 of FIG. 9A.

In the description which follows, like parts are indicated
throughout the specification and drawings with the same reference
numerals, respectively.-.The drawings are not necessarily to-
scale and the proportions of certain parts have been exaggerated
to better illustrate details of the invention.

Referring now to FIG. 1, a first hydrocarbon formation 10

and a second hydrocarbon formation 12 are intersected by an
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| ongi t udi nal section and sealing off said flow openings. In carrying out

the present invention, in accordance with a preferred enbodi
specially configured tubular nipple structure is used that SUﬁE&WHﬁI&EHV
pl aced in a subterranean well flow cordfct-or, and positioned]ther eREPLAOED _

extend through a subsurface fluid production zone: In a repreSentartve wet
conpl eti omncased well bore 14. The uncased well bore 14 is sealed from

the surface by a primary casing string 16, having an 11 inch
dlameter, "which is  secured to the wellhead assembly.
Intermediate zones of the uncased well bore 14 are isolated by
an intermediate casing string 18, having a 7 5/8 inch diameter,
and a final casing string 20, having a 5 1/2 inch casing
diameter.

The well 14 is completed by multiple nipple sections 22,24
which are connected by a threaded union T in flow communication
by flow conducéors 26,28. The flow conductor 28 is suspended
from a retrievable packer 30 which 1is releasably set in
engagement against the bore of the lowermost casing 20. The
retrievable production 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 string of 3 1/2 inch production tubing 36
by'a full bore landing nipple 38. Production flow through the
production 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 to the landing
‘nipple and a predetermined volume of cement is pumped th:ough the
packer bore, the flow conductors 26,28 and the production nipples
22,24. The annulus surrounding the suspended flow conductors and
production nipples is'filled with a cement deposit 42 which
prevents vertical flow of formation f£luid between the hydrocarbon
formation 10 and the hydroéarbon formation 12. A seal plug is

introduced into the bore of the work string to separate the
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-4- lomgitudinally spaced plurality of the nipples are used, each nipple
extendi ng through a subsurface fluid production zone. Each -pple_has _an
increased interior diameter along a |ongitudinal section tHSHSHSHEET HAS BEEN |
Accordingly, the wall thickness of this fgngitudinal sectign is RgﬁilA@Eg
relative to the bal ance '
cement from the 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 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 striﬁg is a length of coil tubing having
a firing 1line 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 conductor 28 by a locator sub 50.

Upon detonation, each explosive charge 48 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 penetrates the metald -sidewall of the nipple, thus
producing a clean perforation 54 through the surrounding concrete
layer and earth formation. Preferably, the shoot is performed
with the well in an underbalanced pressure condition relative to
the surrounding formation. With a sufficiently high pressure
differential, the pressure surge from the surrounding formatiqn
will break up any compacted material and sweep 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

[
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of the mipple. Such wall thickness reduction in the |ongitudinal nipple
section substantially facilitates its perforability. | nterl'ﬂﬂSyngErrn}ngg IBRER
non-thinned wal |l. section of each nipple structure is an anfnularg pfﬂ

| ocat or nenber receiving profile. The-cantaur of each sucH
different than those of all of the other profiles. The thinned-wall section
g]‘: . Z?CPhggﬁllﬂ:ogltiemYs haggokleaw aRGNI fIgs anmed dikergér oygh tﬁiéﬁefea{@} OFg0fr

immediate production.

Referring now to FIGS. 3 and 4, the production nipple 22
includes a tubular mandrel 58 which includes first and second
longitudinally spaced sidewall sections S8A,58B. According to
one aspect of the present invention, one of the mandrel sidewall
sections, in this instance section 58A, is dedicated for
perforation by a perforating gun, and is characterized by a lower
resistance to perforation in response to the explosive force of
a shaped charge as compared to the perforation resistance of the
other sidewall section 58B. The differential resistance to
perforation is obtained, accérding to one aspect of the present
invention, by forming the dedicated sidewall section 58A with a
reduced 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 sidewall section 58A is
intersected by a longitudihal counterbore 62 which extends along
the length of the dedicated sideﬁall section 58A. According to
this arrangement, the main production bore 60 is enlarged by the
counterbore 62 along the length of the dedicated sidewall
seétion. The radial thickness of the dedicated sidewall section
58A is reduced substantially with respect to the thickness of the
nipple sidewall section 58B, as shown in FIG. 4. In those
installations where the nipples support very little hang weight,
the radial thickness of the dedicated sidewall section 58A can
be reduced substantially relative to the thickness of the nipple

sidewall section 58B.
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I's opertatively positioned within a production zone portion of the well
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bor e. When the nipple flow openings are fornmed after subsgrfaee ac IW%EE'.
of the nipples, for exanple by a shaped charge perforation JJH! BH TQUZS N
structure may have nounted thereon one-ofl2ar interchangeabl ¢ seriREPLACED

radi al |y expandabl e | ocator nmenbers each configured to be renovanply and

L 0 A SELeGhhne bbb L] S LURL CIRISEELSH, an
isolation sleeve 64 is incorporated within the production nipple
22 for the purpose of selectively isolating a particular
production zone at any time during the life of the well. That
is, the isoclation sleeve 64 is shifted to a non-interfering
posiﬁion, as shown in FIG. 2, in which the dedicated sidewéll
section 58A ia exposed to the perforating gun 44. The isolation
sleeve 64 is also movable to a closed position, as shown in FIG.
4, in which the perforated, dedicated sidew;ll section is sealed
for the purpose of isolating the zone which may be producing an
excessive amount of gas or water.

The isolation sleeve 64 is received in slidable, sealing
engagemént against the production bore 60 of the nipple mandrel.
The isolation sleeve 64 is provided with shifting shoulders
64A,64B which are engageable by a shifting tool supported on a
wire line or by a coiled tubing string.l AléhoUgh the exemplary
embodiment shows that the dedicated nipple sidewall section 58A
is arranged for exposure by downspiﬁting the isolation 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 sectiom.

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 and 70,
respectively. The annular seal members 68,70 are curved, molded

\““““--_;\‘\“\~
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at anyisel ected one of the thinned-wall nipple sections wthout the
necessity of electromagnetically sensing and counting pi ping_joints (a

process commonly referred to as "collar ]ogging") as the pefTiagagH '
| onered into place through the flow conduttor. According td a prlqéggxggl EEEN

aspect of the present invention, any |ongitudinal portion ofthe~
t hi nned- wgkhlsi phliehsagki eArfagdbén annular slots formed in the shifting.

shoulders 66A and 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 58A
of the nipple is uncovered, thus permitting the flow of formation
fluid through the nipple perforations 56, as indicaéed by the
arrows 72. As shown in FIG. 6; the dedicated section 5824 is
completely covered by the isolation sleeve 64, and the
counterbore 62 is sealed by the annuiar seals 68 and 70, thus
preventing the inflow of formation £fluid through the nipple
perforations 56.

In some installations, the flow conductor 28 is éuspended
directly from the wellhead; with one or more production nipples
22,24 being suspended within the uncased well bore, typically in
a shallow slimhole/monobore well completion. In such
installations, the perforating gun 44 may be located accurately
when the depth of the productioninipple is known. The operator
runs the perforating tool until thé 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 arm 76 is movable from a retracted, non-interfering

position which permits travel of the perforating gun 44 through
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- 5- subsequently sealed using an "expandable seal ng nenber, _
preferably in the formof a conventional, radially expandabl e tubul ar netal.

pat ch nmenber | owered into the thinned-wall nipple section B OfveHN
patch-setting tool. Precise |ocation ofMt he tool (and thus ?ﬂ@ %@%I e N

patch nenber carried
the production bore, to a radially extended, latched position,

as shown in FIG. 2, in which it is received within the locator
slot 74. According to this afrangement, the perforating gun 44
is located;_précisely' in shoot alignment with the dedicated
sidewall section 58A of the production nipple 22. The
longitudinal distanqe of the dedicated nipple sidewall section
58A relative to the:locator slot 74 is known, and the length of
the perforating gun 46 relative to the latch arm 76 is adjusted
with a coupling sub 78 so that the explosive charges 48 are
centered in shoot alignment along the length éf the dedicated
nipple sidewall section 58A when the latch arm 76 is received in
detented engagement with the locator slot 74.

It will be appreciated that because of the reduced radial
thickness of the dedicated nipple sidewall secﬁion 587, reliable
puncture and penetration through the nipple 22, cement deposit
42 and earth formation 10 can be obtained with a smaller, less
powerful explosive 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 1/2 inch or smaller) wutilized in
slimhole/monobore completions. Because of the reduced sizing
provided by the production nipple of the present invention, the
well may be drilled with a smaller rig, less well contfql
material is required during drilling of the bore hole, the
quantity of cement required is reduded, and the size and quantity
of casing and tubing required to complete the well are reduced.
Moreover, the well may be completed on coiled tubing, thus

further reducing the cost of the completion string and reducing
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t hereony within the flow conductor is achieved by appropriately nDunting on

the setting tool structure a radially expandabl e | ocator ne AS[étEN
t hat described above in conjunction with the perforation guh Ré
appropriately selecting the [ocator nenber5carried by the p tch

tool, the expandabl e patch nenber may be precisely positioned wthin the
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necessity of

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

Schematiéally depicted in FIG. 8 are a pair of alternatively
configured nipples 80 and 82 which are representatively connected
in the well flow conductor structure 26,28 in place of the
previously described nipples 22,24 shown in FIG. 1. With one
exception discussed belqw, nipple 80 has a configuration
identical to that of nipple 82 and is cross-sectionally
illustrated in FIG. 9.

As shown in FIG. 9, the body of nipple 80 has a generally
tubular configuration, and.an'uppgrilongitudinal section 80a with
an interior'diametér D, which, for purposes of illustration, will
be assumed to be the minimum "drift* diameter of the well flow
conductor in which the nipples 80,82 are installed. Extending
downwardly from the longitudinal section 80a of the tubular
nipple body is a thinned-wall, increased interior diameter lower
longitudinal section 80b having, along its length, an interior
diameter D, greater than the upper longitudinal section diameter
D,. Longitudinal section 80b.is representatively of a unitary
construction, but may alternatively be formed £from several

connected longitudinal segments of thinned-wall pipe.
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el ectromagnetically sensing and counting piping joints as the setting tool

structure is lowered into place through the flow conductor.
menber is lowered into place within the perforated thinned-

secti on,

t he patch menber (and subsequently out of the flow conductol)

After t he patch

an expander portion of the setfgng tool is pulled Jpwar S&bt}\gﬁ‘s BEE!EN

conventional manier digfedentlib]l Bxpadsh tdigamaiets D)t ang anl bﬁgaeagaggﬂnﬂﬁ

wi'th the

longitudinal nipple section 80b an annular interior side surface
pocket area 84 that projects radially outwardly beyond the
interior side surface 86 of longitudinal section 80a. The
diameter differential also substantially reduces the wall
thickness of longitudiﬁal section 80b relative to that of
longitudinal section 80a. In turn, this substantially
facilitates the side wall perforability of lohgitudinal section
80b.

Coaxially formea in the interior side surface 86 of
longitudinal section 80a is an annular tool locator member recess
88 similar to annular locator slot 74 in the previously described
nipple 22. Annular recess 88 is configured to complementarily
and lockingly receive locator members (such as the members 76
shown in FIG. 2) carried on a perforating gun lowered into the
flow conductor to the éelected nipple. As previously described
in conjunction with the nipple 22? the perforating gun, precisely
located in a shooting position wi;hin the longitudinal nipple
section 80b by the receipt of the.locator members in the recess
88, may be used to form the illustrated flow openings 90 in the
thinned-wall longitudinal section 80b.

Alternatively, the annular recess 88 may be formed in a
portion of the well flow conductor axially adjacent the nipp}e
structure. Since the nipple structures 80,82 define portions of
the overall well flow conductor, a reference herein to forming
an annﬁlar locator recess within the well conductor includes
either the formation of the recess within a nipple structure

proper, or within the balance of the well flow conductor (such
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interior side surface of the thinned-wall nipple section. Inportantly

since the cylindrical patch is installed within an enlarged {iyes THEET HAS BEEN -
di aneter section of the nipple, the interior dianmeter of suc& ni pthPLACED
section may be appropriately correlated-with the installed i fnerdi-areter

of the patch in a manner such that the installed patch nenber does not

reduce the " il iyl pbPELSAE TEMY &I OLnSAMEhe PRI 1) 1Ccbhf¥oted

conduct or .
between the nipple structures.

According to a feature of the present invention, each
locator recess 88 in the nipples 80,82 (as well as any others of
this nipple embodiment incorporated in and defihing a portion of
the well flow conductor) preferably has a profile different than
those of all the other locator member recesses formed in the
nipples. Accordingly, by mounting on the perforating gun tool
locator members configured to be complementarily'received in only
a selected one of the annular recesses 88, the perforating gun
(as shown in FIG. 2) may be precisely located in any selected one
of the longitudinal nipple sections 80b without the necessity of
electromagnetically sensing and counting piping joints (a process
commonly referred to as "collar loéging"), as the gun is lowered
through the well flow conductor, in order to place the gun at the
desired depth in the well flow conductor. Alternatively, the
annular locator recesses could have identical profiles.

In comparing the nipple 80" .to the previously described
hipple 22 it will be noted that the nipple 80 is not provided
with a slidable, internal isoclation sleeve (such as the
previously described sleeve 64) for use in internally sealing off
the side wall flow openings 90 of the nipple 80. Accordingly,
the length of the longitudinal nipple section 80b in which such
openings are formed may be considerably greater than the section
58A of nipple 22 since the length of section 80b of nipple 80 is
not limited by the weight and/or éliding frictional forces of a

movable closure sleeve carried therein.
-
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-6 - Stated in another manner, because the installed patc is received in a
radially enlarged interior "pocket" portion of the nipple stpuctirerthe
interior side surface of the installed patch menber does not| THiSi SHEET HAS BEEN

encroach i nwardly beyond the d| anetricalygeriphery of the bajance REPLADED
ni ppl e structure.

More specifically, whether the well flow conductor in which

previously described nipples 22,24 are incorporated is vertical,
horizontal, or at some deviation angle therebetween, the maximum
length of the slidable isolation sleeve 64 is determined by the
maximum permissible shifting forces that may be exerted on the
sleeve._' The sleeve shifting force required ié, of, course
directly proportional to the length of the sleeve 64 which, in
turn, ié directly proportional to its length. Thus, the maximum
length of the perforated nipple section which can be sealed off
by the slidable sleeve is limited by the maximum permissible
length of the sleeve itself (about ten feet). Since this
limitation is absent in the alternate embodiment 80 of the nipple
22, ﬁhe length of the perforable nipple section 80b may be
considerably longer than ten feet. Representatively, this
advantageously permits eaqh of the nipple sections 80b to be
several hundred feet in length if desired.

While the nipples 80,82 are representatively illustrated in
vertical orientations, it will Bé;appfeciated that they could
also be incorporatéd in horizontal or otherwise deviated well
flow conductors if desired. Additionally, while the flow
openings 90 have been described as being formed (using a
perforating gun) after the nipples have been operatively
positioned within the well bore, the openings 90 could be formed
in other'manngrs prior to the positioning of the nipples 80,82
in the well bore. Moreover, when the flow openings are formed
prior to the subterranean ihstallation of the nipples 80,82 othexr
shapes and types of flow openings kfor example, slots) could be

utilized if desired.  Instead of perforating the thinned wall of
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enbodi nents thereof will now be described, by way of illustrat ru” %“kgT HAS BE

that the invention may be nore fully understood, various

with reference to the acconpanying drawi ngs, wherein: FIG 1 13

sinplified schematic di agram show ng a Vg Ktica
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openings in the overall nipple structure 80, such flow openings
could also be defined by the multiplicity of small openings in
a suitable permeable porous flow member, such as a sintered
screen member, axially interposed in and forming an axial portion
of the nipple 80.

Flow openings 90 have been representatively illustrated as
being inlet openings for admitting production f£fluid into the
interiors of the nipples 80 and 82, the illustrated nipples 80,82
thereby being "production® nipéles. However, it wiil be readily
appreciated that these openings could also function as outlet
flow openings in applications in which it is desired to flow
fluid radially outwardly through the openings 90.

Turning now to FIGS. 9A and 10, the flow openings 90 in the
installed nipple 80 may be subsequently sealed off, from within
the nipple 80, using an expandable séaling member, preferably in
the form of a conventional, radially expandable tubular metal
sealing patch 92 coaxially supportéed around a shaft portion 94
of a conventional setting tool 96 which may be lowered through
the well flow conductor and has an axially movable expander
portion 98 carried on the lower end of the shaft 94 beneath the
bottom end of the tubular patch 92.

As in the case of the previously described perforating gun,
the setﬁing tool 96 carries thereon radially expandable- locator
members 88a which are selected from an interchangeable set of
locator members (or “kéysﬁ) having different profiles each

configured to be complementarily and lockingly received radially

in the annular recess 88 of only one of the nipples 80,82 (in
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FIG 2:s a'sirrplified sectional view which illustrates perforation of the

production nipple, cement deposit and formation in a sli mh [oonahore

conpletion; FIG 3 is a longitudinal sectional view of the p‘fmglsﬂﬂEmnHAs BEEN
nipple of FIG 1 showing the isolation-shk@ewe in its uncovdred PEEPLAGED
with the dedicated section of the production nipple being

perforati %B’J.sl:lc%s r{lppalewﬁl\f sl rﬂ.cl:c%rcilné:l}% §Y &ﬁ‘@&ﬁ?léggl§58£fébef]ng

the profile of the locator members 88a secured to the setting

tool 96, as the setting tool is lowered through the well flow
conductor it automatically locks into place at the selected
nipple to precisely position the expandable patch member 92
- within the longitudinal section 80b of the selected nipple
without the necessity of electromagnetically sensing and counting
piping joints to appropriately position the tool within the well
flow conductor.

As illustrated in FIGS. §A and '10, the tubular patch member
92 in its ready-to-use configuration has a circumferentially
spaced series of longitudinall corrugations 100 serving to reduce
the outer diémeter of the patch member to a magnitude less than
that of the drift diameter D,, thereby permitting the patch
member 92 to be lowered through the well flow conductor into the
target nipple section 80b. Once this is done, the expander 98
is forcibly moved upwardly through the patch member 92, as
indicated by the arrow 102 in FIG..9A. This forcibly expands the
patch member 92, in a radially outward direction, into forcible
sealing engagement with the interior side surface 104 of the
nipple section 80b over the flow openings 90 therein. The
setting tool 96 is then upwardly withdrawn from the nipple 80
leaving the now operatively expanded tubular patch 92 permanently
in place within the longitudinal section 80b of nipple 80 as

shown in FIG. 9B.
According to a key aspect of the present invention best
illustrated in FIG. 9B, the interior side surface diameter D, of

the longitudinal nipple section 80b is correlated with the wall
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production nipple is sealed; FIG 5 is a |l|ongitudinal LACED
view of the sllnhole/nDnobore conpl eti gy showi ng the produc
formation fluid through the perforated nipple;

thickness of the tubular patch member 92 in a manner such that

ono

sleeve is in its covered position in which the dedicated si depﬂs gﬁ@;fuqm ngﬂ
|

when the patch member 92 is operatively expanded into the annular
side surface pocket 84 as shown in FIG. 9B the interior diameter
D, of the expanded patch member is not less than the drift
diameter D,. This advantageously maintains the previous minimum
drift diameter of the overall well flow conductor and thus does
. not reduce the maximum radial size of apparatus that may be
passed axially through the patched nipple 80. Accordingly, if
desired, the flow openings 90 in the nipple 82 (or other nipples
below the now sealed nipple 86) may be subsequently sealed using
another tubular patch member lowered through the nipple 80.

The tubular patch member 90 has been representatively
illustrated in FIG. 9A as being of sufficiént length to
interiorly seal .off all of the flow openings 90 in the
longitudinal section 80b of the nipple 80. Howevér, if desired,
a shorter patch member could be used to seal off only some of
such openings.

While the interior sealing of the perforated nipple section
80b has representatively been ifiﬁétrated using a tubular metal
patch member installied by a settihg tool which carries the patch
down the flow conductor, other types of tubular sealing members
could be placed in the perforated section 80b and theﬁ
operatively expanded into place therein using other types of

expansion means if desired.
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in an uncased ‘bote Mol & ih which - 22 - REPLACED
CLAIMS:
1. A subterranean well completion apparatus, which

comprises a tubular well flow conductor for extending
through a subtetranean well bore, the conductor having
coaxially installed therein a tubular nipple extending along
an axis, said nipple having a radially enlarged annular
interior side surface pocket area formed in a longitudinal
section of said nipple through which flow openings radially
extend; and a tubular sealing member coaxially and
nonmovably disposed within said longitudinal section, said
tubular sealing member being in fprcible, radially outwardly
directed contact with the interior side surface of said

longitudinal section and sealing off said flow openings.

2. Apparatus according to claim 1, wherein said
nipple is a production nipple and said flow openings are

inlet flow openings.

3. _ Apparatus according to claim 1 or 2, wherein said
nipple has a minimum interior diameter less than the
interior side surface diameter of said pocket area, and said
tubular sealing member has an interior diameter not
appreciébly smaller than sai&ﬂéinimum interior of said
nipple, whereby the drift of said nipple is not appreciably

reduced by said tubular sealing member.

4, Apparatus according to claim 1, 2 or 3, further
comprising an annular interior side surface recess coaxially
formed in said well flow conductor, longitudinally outwardly
of said pocket area, and configured to complementarily '
receive a locator member carried by a tool axially inserted

into said nipple.

5. Apparatus according to claim 4, wherein said
annular recess is formed in said nipple.
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schemati c si fle el evats

FIG 8 is alongitudinally foreshgortened.. highly...

H! ppl es are positioned in registration with
onal view of a portion of the well copphigt §88ETi RAS BEEN

which two alternatively configured nippte$dare operatively onneq;;gpgACED

6.
annular

locator

7.
annular

locator

8.

wherein

portion.

9.

Apparatus according to claim 4 or 5, wherein said
recess is configured to complementarily receive a

member supporting a perforating gun.

Apparatus according to claim 4 or 5, wherein said
recess is configured to complementarily receive a
member supporting a patch-setting tool.

Apparatus according to any of claims 1 to 7,

said sealing member comprises a tubular metal patch

A subterranean well completion apparatus

substantially as herein described with reference to any of

the accompanying drawings.

10.

A subterranean well completion apparatus according

to any of claims 1 to 9, installed in a subterranean well

bore.

11.

The use of an apparatus as claimed in any of

claims 1 to 9, for the completion of a subterranean well.

-
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FIG 94s an enl arged scal e partial cross-sectional view, taken along |ine
9-9, through one of the FIG 8 nipples; FIG 9A is a cross-sectional view

simlar to that in FIG 9 and schematically illustrating a P -

being used to axially position an expandabke-tubul ar patch éﬂﬁﬁwws BEEN

thinned- wall, increased interior dianeter |ongitudinal sedtion 8 M@DFI G

9 nipple; FIG 9B is a cross-sectional viewsimlar to that in FIG
ABSTRACT

WELIL COMPLETION APPARATUS

A subtérranean well completion apparatus comprises
a tubular well flow conductor (28) for extending through a
subterranean well bore (14), the conductor (28) having
~coaxially installed therein a tubular nipple (22) extending
along an axis, said nipple (22) having a radially enlarged
annular interior side surface pocket area (58A) formed in a
longitudinal section of said nipple through which flow
openings (54) radially extend; affd a tubular sealing member
(64) coaxially and nonmovébly disposed within said
longitudinal section, said tubular sealing member (64) being
in forcible, radially outwardly directed contact with the
interior side surface of said longitudinal section and

sealing off said flow openings (54).

/ /Il/l//et 25 Beep,
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9A, but wirth the setting tool removed and the tubul ar patch operatively

expanded into internally sealing contact with the thinned;
the alternatively configured nipple; and FIG 10 is a sli

scal e cross-sectional view through th
taken along line 10- 10 of FIG 9A
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nuner al.s, *respectively. The draw ngs are not necessarily to scale and the
prooportions of certain parts have been exaggerated to better_illustrate—

details of the invention. Referring nowto FIG 1, a first{ s SHEETOHAS BEEN '
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- 9- uncased well bore 14. The uncased well bore 14 is sealed fromthe
surface by a primary casing string 16, having an 11 inch dianeter, JMMJﬂﬁ
is secured to the wellhead assenbly. Internediate z rmTS(yHEEhmASnBE\B‘é
wel | bore 14 are isolated by an intermgd ate casing strinfg 18 \ﬂc@g a7
5/8 inch (19.4 cn) diameter, and a final casing string 2Q. hnwlnn Aot
i nch (14.0cm casing dianeter.
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The well« X4 is conpleted by nultiple nipple sections 22,24 which are
conneCted by a threaded union T in flow communication by flow conductors

which is ‘releasably set in engagegent against the bore
casing 20. The retrievable production packer 30 includes g_mand

26,28. The flow conductor 28 is suspended from a retrievagwﬁ§ ¥q““%§§§N-
EPLALED

havi ng a | ongi tudi nal production bore 34 for conveying formation fluid to
t he surface. The packer mandrel bore is coupled in fluid

7

FlG.
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comrunie‘a"t;l’“on with a string of 3 [err] inch (8.89 cn) production tubing 36

AtAS BEEN
Bef ore the production tubing 36 is $h3talled in the full bdre Iarmgpugj;ED

by a full bore I anding nipple 38. . Production flow through the
tubing string 36 is controlled by a tubing retrievabl e saf dt THIS SBHEET

nipple 38, a work string is coupled to the |anding nipple a

predeterm ned vol une of cenent is punped through the packer bore, the flow
conductors 26,28 and the production nipples .
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22, 24. The annul us surrounding the suspended flow conduct grs—e
nipples is filled with a cenent deposit 42 which prevents VREPLAGE
formation fluid between the hydrocarbon formati on 10 and {hg hy
-formation 12. A seal plug is introduced _intq the bore af #hd
separate the THIS SHEET HAS BEEN

REPLAGED
Q605869

P05 copy

WELL COMPLETION APPARATUS

This invention relates generally to an apparatus
and method for completing a downhole well.

In the‘course_of completing an o0il 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 surrounding formation is sealed
with a deposit of cement to prevent fluid flow through the
external annulus from one fofmation 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 casingfghd 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.

'In some completions, however, the well bore 1is
uncased, and an open face is established across the o0il or

gas bearing zone.

R
%
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~QEENTSHEET ~ 10 - cement fromthe displacing fluid and to wi beRERLACEMEMH(SHEET

ftomthe packer bore, the flow conductor_hores and the nippl ejbgres—asThe

cement is displaced out of the tubing apdHINGAEL AU din n

space. After the seal plug has been renpved aﬁgb,_hﬁé?pg%% tio o%éaqm%'(/é%
4415 ) i

been cl eared of debris, a perforating gta—<4
2

Uncased arrangements of this type may be utilized, for example,
in water wells, test wells and horizontal/deviated well
completions. In one form of such uncased completions, a
relatively 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 this type of
uncased completion, there is a continuing interest in improvin§
the flow conductors used in such completions. There is a need
in such completions for a small diameter nipple, incorporated in |
the well flow conductor, which can be used in vertical as well
as deviated uncased well bores, and reliably perforated by a
small diameter perforating gun. There is also a need for
apparatus and methods for closing off the flow openings in a
small diameter nipple of the type described. It is accordingly
an object of the present invention to provide such a nipple and
associated flow opening closure apparatus and methods.

In carrying out principles of the present invention, in
accordance with a preferred embodiment thereof, a specially
configured tubular nipple structure is provided that may be
coaxially placed in a .subterranean well flow conductor, and

positioned therein to extend through a subsurface fluid

production zone. _ In a representative well completion, a
PG
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positioned within the bore of each nipple. The perforati N g
suspended and run int.o the well on a tubing string. Prefeladf ubi ny
string is a length of coil tubing hav | i n§i ¢

perforating gun assenbly 44 is equip .Qﬂw%g;% fiks EEﬁ 46 |cﬁblq§fudes
array of explosive, jet-type perforating c é AR Theé
44 is coupled to the flow conductor 283by' a | ocator sub 50
detonati on, each expl osive charge 48 produces a high

According to the present invention, there is
provided a subterranean well completion apparatus, which
comprises a tubular well flow conductor for extending
through a subterranean well bore, the conductor having
coaxially installed therein a tubular nipple extending along
an axis, said nipple having.a radially enlarged annular
interior side surface pocket area formed in a longitudinal
section of said nipple through which flow openings radially
extend; and a tubular sealing member coaxially and
nonmovably disposed within said longitudinal section, said
tubular sealing member being in forcible, radially outwardly
directed contact with the interior side surface of said
longitudinal section and sealing off said flow openings.

In carrying out the present invention, in
accordance with a preferred embodiment thereof, a specially
configured tubular nipple structure is used that may be
coaxially placed in a subterranean well flow conducter, and
positioned therein to extend through a subsurface fluid

_production zone. In a representative well completion, a
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terrperature ressure pl asma jet 52 which penetrat es the seewett . o
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the ni ppl &1 °et f ve cenent Iay | un
12. The h| hi gh pressure Q%ﬁﬁ H %@Netrat es{"The net al

si dewal | hus produci ng a cI ea Erb’éﬁCEﬁ ation} 54
surroundi ng concrete Iayer and earth formajion. Preferanry, th
performed with the well in an underbal anced pressure condition

the surroqu Qtuglna&iy space 5&5§g §§egkl¥hg'93ﬂﬂf§§“gf%\used, each —

nipple extending through a subsurface fluid production zone.

lamp g

Each nipple has an increased interior diameter along a
longitudinal section thereof. Accordingly, the wall thickness
of this longitudinal section is reduced relative to the balance
of the nipple. Such wall thickness reduction in the longitudinal
nipple section Substantially facilitates its perforabilityi

_Interiorly formed in a non-thinned wall section of each
nipple structure is an annular téol locator member receiving
profile. The contour of each such préfile may be differént than
those of all of the other profiles.

. The thinned-wall section of each nipple may have flow
openings formed therethrough eithef before or after the nipple
is operatively positioned within a production zone portion of the
well bore. When the nipple flow 6peningé are formed after
subsurface placement of the nipples, for example by a shaped
charge perﬁoration gun, the gun structure may have mounted
thereon one of an interchangeablﬁﬁseries of radially expandable
locator ﬁembers each configured té be removably and lockingly
received in a selected one of the interior nipple profiles.
Accordingly, the perforation gun cén be very precisely located
at any selected one of the thinned-wall nipple sections without
the necessity of electromagnetically sensing and counting piping
joints (a process commonly referred to as "collar logging") as
the perforation gun is loﬁered into place through the flow
conductor.

According to a primary aspect of the present invention, any

longitudinal portion of the thinned-wall nipple section may be
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.subsequently sealed using an expandable s¢aling _membes—
preferably in the form of a conventional, radially—expandabls—

tubular metal patch member lowered into the thinned-wall nipple

section on a conventional patch-setting tool. Precise location
of the tool (and thus the expandable patch member carried
thereon) within the flow conductor is achieved by appropriately
mounting on the setting tool structure a radially expandable
locator member similar to that described above in conjunction
with thé perforation gun.

Thus, by appropriately selecting the locator mémber carried
by the patch-setting tooi, the expandable patch member may be
precisely positioned within the perforated thinned-wall nipple
section = to be sealed, without the necessity of
electromagnetically sensing and couhting piping joints as the
setting tool structure is lowered into place through the flow
conductor.

After the patch member is lowered into place within the
perforated thinned-wall nipple section, an expander portion of
the setting tool is pulled upwardly through the patch member (and
subsequently out of the flow conductor) in a conventional manner
to radially expand the patch into sealing engagement with the
interior side surface of the thinned-wall nipple section.

Importantly, since the cylindrical patch is installed within
an enlarged internal diameter section of the nipple, the interior
diameter of such nipple secﬁion may be appropriately correlated
with the installed inner diameter of the patch in a manner such
that the installed patch member does not reduce the "drift®

(i.e., the minimum interior diameter) of the flow conductor.



- 11 - gun 44 is renoved fromthe well, the well is then r
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Iongltudlnal iflEvwal | secti onk_58A BHBAC cord| glt
t he present |nven

of the mandrel .sidewal | "S€CTTon
i nst ance section 58A, is dedi cat ed for

Stated in another manner, because the installed patich_i

in a radially enlarged interior "pocket" portion of the nipple
structure, the interior side surface of the installed patch

member does not radially encroach inwardly beyond the diametrical

periphery of the balance of the nipple structure.
In order that the invention may be more fully

understood, various embodiments thereof will now be

described, by way of illustration only, with reference to
the accompanying drawings, wherein:

FIG. 1 is a simplified schematic 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 retrievable packer;

FIG. 2 is a simplified, sectional view which illustrates
perforation of the production nipplé, cement deposit and

formation in a slimhole/monobore completion;

FIG. 3 is a longitudinal sectional view of the 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 dedicated sidewall

of the production nipple is sealed;

FIG. 5 is a longitudinal sectional view of the
slimhole/monobore completion showing the production of formation

fluid through the perforated nipple;

)
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perforation by a perforating gun, and is characterized by a | ower
resi stance to perforation in response to the epr05|ve force of
charge as conpared to the perforation ¢ﬁss (
section 58B. The differential resistjance é@ﬁg%?

according to one aspect of the present nvp [%y f or

sidewal | sectian 58A with a reduced radial thickness &g co
sidewal I thickness of the nipple section 58B.

FIG. 6 is a view similar to FIG. 3 in which £Tdid flow
through the production nipple has been terminated by an isolation
sleeve;

FIG. 7 is a simplified, sectional view which illustrates a

horizontal well completion in an uncased bore hole in which
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The mandrel section 58B is intersected by a |ongitudinal produetomn—y EET
60, and the dedi cated sidewall section sected by zaﬂEBh@GE Aggﬂ
count erbore 62 which extends al ong the I|dit8 ISHEET tHAS deeN Lat ed ETdewal |
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multiple producing zones;

FIG. 8 is a longitudinally foreshortened, highly schematic
side elevational view of a portion of the well completion in
which two alternatively configured nipples are operatively
connected;

FIG. 9 is an enlarged scale partial cross-sectional view,
taken along line 9—9, through one of the FIG. 8 nipples;

FIG. 9A is a cross-sectional view similar to that in FIG.
9 and schematically illustrating a setting tool being used to
axially position an expandable tubular patch member in a thinned-
wall, increased interior diameter longitudinal section of the
FIG. 9 nipple;

FIG. 9B is a cross-sectional view similar to that in FIG.
9A, but with the setting tool removed and the tubular patch
operatively expanded into internally-sealing contact with the
thinned-wall section of the alternatively configured nipple; and

FIG. 10 is a slightly enlarged scale cross-sectional view

through the alternatively configured nipple taken along line 10-

10 of FIG. 9A.

In the description which follows, like parts are indicated
throughout the specification and drawings with the same reference
numerals, respectively. The drawings are not necessarily to-
scale and the proportions of certain parts have been exaggerated
to better illustrate details of the invention.

Referring now to FIG..l, a first hydrocarbon formation 10

and -a second hydrocarbon formation 12 are intersected by an
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uncased well bore 214. The 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 zones of the uncased well bore 14 are isolated by
an intermediate casing string 18, having a 7 5/8 inch diameter;
and a final casing string 20, having a 5 1/2 inch casing
diameter.

The well 14 is completed by multiple nipple sections 22,24
which are connected by a threaded union T in flow communication
b& 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 production 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 string of 3 1/2 inch production tubing 36
byla'full bore landing nipple 38. Production flow through the
production tubing string 36 is controlled by a tubing retrievable
safety wvalve 40.

Before the préduction tubing 36 is installed in the full

bore landing nipple 38, a work string is coupled to the landing

nipple and a predetermined 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 f£low conductors and
production nipples is filléd with a cement deposit 42 which
prevents vertical flow of formation fluid 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
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cement from the displacing fluid and to wipe 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 reméved and the production
bores have been cleared of debris, a perforating gun 44 is
positioned within the bore of each nipple. The perforating gun
44 1is suspended and run into the well on a tubing string.
Preferably, the tubing string is a length of coil tubing having
a firing line inside. The perf&rating ‘gun. assembly 44 is
equipped with a mandrel 46 which includes an array of explosive,
jet-type perforating charges 48. The perforating gun 44 1is
coupled to the flow conductor 28 by a locator sub 50.

Upon detonation, each explosive charge 48 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 penetrates the metql:sidewall of the nipple, thus
producing a clean perforation 54 through the surrounding‘concrete
layer and earth formation. Preferably, the shoot is performea
with the well in an underbalanced pressure condition relative to
the surrounding formation. With a sufficiently high pressure
differential, the pressure surge from the surrounding formation
will break up any compacted material and sweep it back in the
well bore where it will be flowed to the surface. As compactéd
fragments are swept away, the nibple sidewall perforations 54 are

. cleaned and cleared for maximum inflow. After the perforating
_—
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i sol ation sleeve 64 is provided with shiffing snourders 644, 4462 &P
engageabl e by a shifting tool supported on a wire line or RQyja coiled

tubing stigpg- 4N §BoYQlhd iy eXE0R! Bh¥ well, the well is then ready for

immediate production.

Referring now to FIGS. 3 and 4, the production nipple 22
includes a tubular mandrel 58 which includes first and second
longitudinally spaced sidewall sections 58A,58B. According to
one aspect of the present invention, one of the mandrel sidewall
sections, in .this instance section 58A, iaﬁfdedicated for
perforation by a perforating gun, and is characterized by a lower
resistance to perforation in response to the explosive force of
a shaped charge as compared to the perforation fesistance of the
other sidewall section 58B. The differential resistance to
perforation is obtained, according to one aspect of the present
invention, by forming the dedicated sidewall section S8A with a
reduced 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 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 sidewall
section; The radial thickness of the dedicated sidewall section
58A is reduced substantially with respect to the thickness of the
nipple sidewall section 58B, as shown in FIG. 4. In those
installations where the nipples support very little hang weight,
the radial thickness of the dedlcated sidewall section S58A can

be reduced substantially relative to the thickness of the nipple

sidewall section 58B.
: -This Sheet Has Been R
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bei ng shifted ,up.wardl y for exposure of -t 8@ dedi cat ed si dewdl IL_sect.ion-
can best be seen in FIG 4, the isolation sleeve 64 spans tihe conplete

l'ength of the qdedifafiefh St denRbEneBChispRB8Af WHd present gntion, an
isolation sleeve 64 is incorporated within the production nipple
22 for the purpose of selectively isolatiﬁé'-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 dedicﬁted sidewall
section 58A ia exposed to the perforating gun 44. The isolation
sleeve 64 is also movable to a closed position, as shown in FIG.
4, in which the perforated, dedicated sidewgll section is sealed
for the éurpose of isolating the zone which may be producing an
excessive amount of gas or water.

The isolation sleeve 64 is received in slidable, sealing
engagement against the production bore 60 of the nipple mandrel.
The isolation sleeve 64 is provided with shifting shoulders
64A,64B which are engageable 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 downspigting the isolation 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.

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 and 70,

respectively. The annular seal members 68,70 are curved, molded
—_—
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the shifting, e

seals which are carried in annular slots formed i

shoulders 66A and 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 58A
.of the nipple is uncovered, thus permitting the flow of formation
fluid through the nipple perforations 56, as indicated by the
arrows 72. As shown in FIG. 6, the dedicated section 58A is
completely covered by the isolation sleeve 64, and the
counterbore 62 is sealea by the annular seals 68 and 70, thus
preventing the inflow of formation fluid through the nipple
perforations 56.

In some installations, the flow conductor 28 is suspended
directly from the wellhead, with one or more production nipples
22,24 being suspended within the uncased well bore, typically in
a shallow slimhole/monobore well completion. In_'such
installations, the perforating gun 44 may be located accurately
when the depth of the productionén;pple is known. The operator
runs the perforating tool until thé 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 wel;s 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 arm 76 is movable from a retracted, non-interfering

position which permits travel of the perforating gun 44 through
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as 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
sidewall section 58A of the production nipple 22. The
longitudinal distance of the dedicéted nipple sidewall section
S8A relative to the locator slot 74 is known, and the length of
the_perforating gun 46 relative to the latch arm 76 is adjusted
with a coupliné sub 78 so that the explosive charges 48 are
centered in shoot alignmeﬁt along the length of the dedicaged
nipple sidewall section 58A when the latch arm 76 is received in
detented engagement with the locator slot 74.

It will be appreciated that because of the reduced radial
thickness of the dedicated nipple sidewall section 582, reliable
puncture and penetration through the nipple 22, cement deposi;
42 and earth formation 10 can be obtained with a smaller, less
powerful explosive charge. Since a iess powerful explosive
charge is required, the perforatipg gun 46 can be physically
smaller in diameter, and can be run through the small diameter
production tubing (3 1/2 inch or smaller) utilized in
slimhole/monobore completions. Because of the reduced sizing
provided by the production nipple of the present invention, the
well may be drilléd. 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 required to complete the well are reduced.
Moreover, the well wmay be completed on coiled tubing, thus

- further reducing the cost of the completion string and reducing
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may'be utilized, the 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 cohpletions,
the production nipples may be opened and closed as desired,
either sequentially or selectively, for isolating a zone which
may_be'prodﬁcing too much water or gas. The produEtion nipples
of the present invention may alsc be used in uncagéd, horizontal
completions as shown in FIG. 7.

| Séhematically‘depicted in FIG. 8 are a pair of alternatively
configured nipples 80 and 82 which are representatively connected
in the well flow conductor structure 26,28 in place of the
previously described nipples 22,24 shown in FIG. 1. With one
exception discussed below, nipple 80 has a configuration
identical to that of nipple. 82 and 1is cross-sectionally
illustrated in FIG. 9.

As shown in FIG. 9; the body of nipple 80 has a generally
tubular configuration, and an uppgr;longitudinal section 80a with
an interior diameter D, which, for purposes of illustration, will
be assumed to be the minimum "drift" diameter of the well flow
conductor in which the nipples 80,82 are installed. Extending
downwardly from the longitudinal section 80a of the tubular
nipple body is a thinned-wall, increased interior diameter lower
longitudinal section 80b having, along its length, an interior
diameter D, greater than the-upper longitudinal section diameter
D,. Longitudinal section 80b is representatively of a unitary
construction, but may altérnatively be formed from several

connected longitudinal segments of thinned-wall pipe}
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longitudinal nipple section 80b an annular interior side surface
pocket area 84 that projects radially outwardiy beyond the
interior side surface 86 of longitudinal section 80a. The
diameter differential also substantially reduces the wall
thickness of longitudinal section 80b relative to that of
longitudinal section 80a. In turn, this substantially
facilitates the side wall perforability of longitudinal section
80b.

Coéxially formed in the iﬁterior side surface 86 of
longitudinal section 80a is an annular tool locator member recess
88 similar to annular locator slot 74 in the previously described
nipple 22. Annular recess 88 is configured to complementarily
and lockingly receive locator-members (such as the members 76
shown in FIG. 2) carried on a perforating gun lowered into the
flow conductor to the selected nipple. As previously described
in conjunction with the nipple 22, the perforating gun, precisely
located in a shooting position yi;hin the longitudinal nipple
section 80b by the receipt of thejlocator members in the recess
88, may be used to form the illustrated flow openings 90 in the
thinned-wall longitudinal seétion_BOb.

Alternatively, the annular recess 88 may be formed in a
portion of the well flow conductor axially adjacent the nipp}e
structure. Since the nipple structures 80,82 define portions of
the overall well flow conductor, a reference herein to forming
an annular locator recess within the well conductor includes
either\the formation of the recess within a nipple structure

proper, or within the balance of the well flow conductor (such
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as the tubular portions 26 and 28 shown in
between the nipple structures.

According to a -feature of the present invention, each
locator recess 88 in the nipples 80,82 (as well as any others of
this nipple embodiment incorporated in and defining a portion of
the well flow conductor) preferébly has a profile different than
those of all the other locator member recesses formed in the
nipples. Accordingly, by mounting on the perforating gun tool
locator members configured to be complementarily received in only
a selected one of the annular recesses 88, the perforating gun
(as shown in FIG. 2) may be precisely located in any selected one
of the longitudinal nipple sections_SOb without the necessity 6f
electromagnetically'sensing'énd couﬁtingjpiping jointé (a process
commonly referred to as "collar loéging“), as the gun is lowered
through the well flow condﬁctor, in order to place the gun at the
desired depth in the well flow conductor. Alternatively, the
annular locator recesses could have identical profiles.

In comparing the nipple 80" .to the previously described
nipple 22 it will be noted.that the nipple 80 is not provided
with a slidable, . internal isolation sleeve (such as the
previously described sleeve 64) for use in internally sealing off
the side wali flow openings 90 of the nipple 80. Accordingly,
the length of the longitudinal nipple section 80b in which such
openings are formed may be considerably greater than the section
58A of nipple 22 since the length of section 80b of nipple 80 is
not limited by the weight and/or sliding frictional forces of a

movable closure sleeve carried therein.



as shomhlsﬁh@tmsB&nRemaMi chit is rece| ved within the | CREBLAGEMENT/SHEET |
According &
ni p

_ gerrent , the p gagw ANS BHN' s l{o ed preci sel

i n shoot . the dedi cat ed Si e@%ﬁ Egﬁct i orf 5SBA gf 001’e1996
producti on The | ongi tudi 't he je cated

n| ppl e si dewal I section 58A relative to e | ocator sl ot 7 errowrT,—and

the length of the perforating gun 46 relative to the latchifarm76 is

3=

adj usted wi th #Moxauplpered. fduall¥,sehebhert biee exgl bsihaw ctrndescell iar @hlch
' previously described nipples 22,24 are incorporated is vertical,

horizontal, or at some deviation angle therebetween, the maximum
length of the slidable isolation sleeve 64 is determined by the
maximum permissible shifting forces that may be exerted on the
sleeve. The sleeve shifting force required is, of, course
directly proportional to the length of the sleeve 64 which, in
turn, is directly proportional to its length. Thus, the maximum
length of the perforated nipple section which can be sealed off
by the slidable sleeve is limited by the maximum permissible
length of the sleeve itself (about ten feet). Since this
limitation is absent in the alternate embodiment 80 of the nipple
22, the length of the perforable nipple section 80b may be
considerably longer than ten feet. Representativély, this
advantageously permits each of the nipple secﬁions 80b to be
several hundred feet in length if desired.

While the nipples 80,82 are representatively illustrated in
vertic;l orientations, it will be appreciated that they could
also be incorporated in horizontal or otherwise deviated well
flow conductors if desired.  Additionally, while the flow
openingé 90 have been described as being formed (using a
perforating gun) after the nipples have been operatively
positioned within the well bore, the openings 90 could be formed
in other‘manners prior to the positioning of the ﬁipples 80,82
'in the well bore. Moreover, when the flow openings are formed
prior to the subterranean installation of the nipples 80,82 other
shapes and types of flow openings (for example, slots) could be

utilized if desired. Instead of perforating the thinned wall of
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openings in the overall nipple structure 80, such flow openings
could also be defined by the multiplicity of small openings in
a suitabie permeable porous flow mémber, such as a sintered
screen member, axially interposed in and forming an axial portion
of the nipple 80.

Flow openings 90 have been representatively illustrated as
being inlet openings for admitting production fluid into the
interiors of the nipples 80 and 82; the illustrated nipples 80,82
thereby being "production" nipples. However, it will be readily
appreciated that these openings could also function as outlet
flow openings in applications in which it is desired to flow
fluid radially outwardly through the openings 90.

Turning now to FIGS. 9A and 10, the flow openings 90 ?n the
installed nipple 80 may be subsequently sealed off, from Qithin
the nipple 80, using an expandable sealing member, preferably in
the form of a conventional, radially expandable tubular metal
sealing patch 92 coaxially supportéd around a shaft portion 94
of a conventional setting tool 96 which may be lowered through
the well flow conductor and has an axially movable expander
portion 98 carried on the lower end of the shaft 94 beneath the‘
bottom end of the tubular patch 92.

As in the case of the previously described perforating gun,
the setting tool 96 carries thereon radialiy expandable locator
members 88a which are selected from an interchangeable set of
locator members (or "keys") having different profiles each
configured to be complementarily and lockingly received radially

in the annular recess 88 of only one of the nipples 80,82 (in
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the profile of the locator members 88a secured to the setting

tool 96, as the setting tool is lowered through the well flow
conductor it automatically locks into place at the selected
nipple to precisely position the expandable patch member 92
within the longitudinal section 80b of the selected nipple
without the necessity of electromagnetically sensing and counting
piping joints to appropriately position the tool within the well
flow conductor. . |

As illustrated in FIGS. 9A and 10, Fhe tubular patch member
92 in its ready-to-use configuration has a circumferentially
spaced series of.longitudinal corrugations 100 serving to reduce
the outer diémeter of the patch member to a magnitﬁde less than
that of the drift diameter D,, thereby permiﬁting the patch
member 92 to be lowered tﬁrough the well flow conductor into the
target nipple section 80b. Once this is done, the expander 98
is forcibly moved upwardly through the patch member 92, as
indicated by the arrow 102 in FIG..9A. This forcibly expands the

patch member 92, in a radially outward direction, into forcible

" sealing engagement with the interior side surface 104 of the

nipple section 80b over the flow bpenings 90 therein. The
setting tool 96 is then upwardly withdrawn from the nipple 80
leaving the now operatively expanded tubular patch 92 permanently
in place within the longitudinal section 80b of nipple 80 as'
shown in FIG. 9B.

According to a key aspect of the present invention best
illustrated in FIG. 9B, the inﬁerior side surface diameter D, of

the longitudinal nipple section 80b is correlated with the wall
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thickness of the tubular patch member 92 in a manner such that
when the patch member 92 is operatively expanded into the annular

side surface pocket 84 as shown in FIG. 9B the interior diameter

'D; of the expanded patch member is not. less than the drift

diameter D,. This advantageously maintains the previous minimum
drift diameter of the overall well flow conductor and thus does
not reduce the maximum radial size of appératus that may be
passed axially through the patched nipple 80. Accordingly, if
desired, the flow openings 90 in the nipple 82 (or o;her nipples
below the now sealed nipple 80) may be subsequently sealed using
another tubular patch member lowered through the nipple 80.

The tubular patch member 90 has been representatively
illustrated in FIG. 9A as being of sufficient length to
interiorly seal off all of the flow openings 90 in the
longitudinal section 80b of thé.nipple 80. However, if desired,
a shorter patch member could be used to seal off only some of
such openings.

While the interior sealing of the perforated nipple section
80b has representatively been ifiﬁétrated using a tubular metal
patch member installed by a setting tool which carries the patch
down the flow conductor, other types of tubular sealing members
could be placed in the perfofated section 80b and then
operatively expanded into place therein using other types of

expansion means if desired.
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CLAIMS:

1. A subterranean well completion apparatus, which
comprises a tubular well flow conductor for extending
through a subterranean well bore,
coaxially installed therein a tubular nipple extending along

the conductor having

anlaxis, said nipple having a radially enlarged annular
interior side surface pocket area formed in a longitudinal
section of said nipple through which flow openings radially
extend; and a tubular sealing member coaxially and
nonmovably disposed within said longitudinal section, said
" tubular sealing member being in forcible, radially outwardly
directed contact with the interior side surface of said
longitudinal section and sealing off said flow openings.

1, wherein said

flow openings are

2. Apparatus according to claim
nipple is a production nipple and said

inlet flow openings.

1 or 2; wherein said

less than the

3. Apparatus according to claim
nipple has a minimum interior diameter
and said

interior side surface diameter of said pocket area,

tubular sealing member has an interior diameter not
appreciably smaller than said minimum interior of said
whereby the drift of said nipple is not appreciably

reduced by said tubular sealing member.

nipple,

2 or 3, further

comprising an annular interior side surface recess coaxially
longitudinally outwardly

4, Apparatus according to claim 1,

formed in said well flow conductor,
of said pocket area, and configured to complementarily

receive a locator member carried by a tool axially inserted
into said nipple.
5. Apparatus according to claim 4, wherein said

annular recess is formed in said nipple.

.
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configurati

illustrated in FIG 9. As shown in FIG—f—the—bedy—oefdni pdl

general ly

i

wn FIG 8 are a pair of alternatively configured
m‘ g “!Ere representatively connected in hﬁg EMENDVGHEET
ruct us > '

in p| ace of he pL eviaguslyv descriib

on identical to that of nijpple ﬁgpmgl S cr¢ss-dedti

6. Apparatus according to claim 4 or 5, wherein said
annular recess is configured to complementarily receive a

locator member supporting a perforating gun.

7. Apparatus according to claim 4 or 5, wherein said
annular recess is configured to complementarily receive a

locator member supporting a patch-setting tool.

8. Apparatus according to any of claims 1 to 7,
wherein said sealing member comprises a tubular metal patch

portion.

9. A subterranean well completion apparatus
substantially as herein described with reference to any of

the accompanying drawings.

10. . A subterranean well completion apparatus according

to any of claims 1 to 9, installed in a subterranean well

bore.

11. The use of an apparatus as claimed in any of

claims 1 to 9, for the completion of a subterranean well.

Sheet Has Been Replaced
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tubul ar configuration, and an upper |ongitudinal section 8 aRMﬂ?
dianeter Dlerr] which, for purposes of illustratipn

i'nterior

CEFENT SHEET

assuned to be the mnimum"drift" diapgeter _of the well floWw ¢onductor i

whi ch the nipples 80,82 are install ed THSt SREEMAAG GEeNdr dl ¥ 1r @6 10ET 1996

| ongi tudi nal section 80a of the tubuljr ni gppea y I'sfa thinpned-wall,

i ncreased interior dianeter | ower |on

n

its length, an interior dianmeter D2 greater than the upper |longitudinal
section dianeter

80b}having, along

ABSTRACT

WELL COMPLETION APPARATUS

A subterranean well completion apparatus comprises
a tubular well flow conductor (28) for extending through a
subterranean well bore (l4), the conductor (28) having
coaxially installed therein a tubular nipple (22) extending
aloﬁg an axis, said nipple (22) having a radially enlarged
annular interior side surface pocket area (58A) formed in a
longitudinal section of said nipple through which flow
openings (54) radially extend; and a tubular sealing member
(64) coaxially and nonmovably disposed within said
longitudinal section, said tubular sealing member (64) being
in forcible, radially dutwardly directed contact with the
interior side surface of said longitudinal section and

sealing off said flow openings (54).

Fig. 6
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CbaX|aIIy formed in the interior side surface 86 of
80a is an annul ar t ool

into the fl ow conductor to the sel ected3nipple.
t he perforating gun,

| ocat or

conjunction with the nipple 22,
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| ocated in a shooting position w thin the |ongitudinal nipple{Sget/ -
by the receipt of the |ocator nenbers in the recess 88, may b 33@'&%8‘%&&%%8‘ |
the illustrated flow openings 90 in tHerHidigHrey- BEENNOI tudilndl section |
80b. Alternatively, the annul ar.recesg 88 : % ormed}jin.a poitids GCT 1006
wel | fl ow conductor axially adjacent t | ' e. Sifce the nipple
structures 80,82 define portions of the @verall well flow conguctor;—a

ref erence herein to formng
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as the tubul ar portions 26 and 28 shown in FIG 1)connected between the
i ppl e structures. According to a feature of the present inuention.each——
| ocat or recess 88 in the nipples 80, 82 (ﬁ'ﬁ 1 ot hdr REPLACHEMENT SHEET -
. ni ppl e enbodi nent incorporated in and ({e_ ﬁi E& t&tﬁ'ﬁ of{ tfre—wett—ftow

f er enREPLAED: hose fof

conductor) preferably has a profile dif ! thﬁ r'xtgs
| ocat or nmenber recesses fornmed in the nigples. Accordingly,| by Fi n n

the perforating gun tool
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| ocat or menmbers cbnfigured to be conplenentarily received in onIy a

sel ected one of the annular recesses 88, the perforating gyun—as ouuwﬂ $ﬁtET

FIG 2) may be precisely located in any selected one of th mangmﬁ

ni ppl e sections 80b without the necessity of electronagnet|C°"y SENSINg

and counting piping joints (a process commonly referred tojas fgl
| ogging"), as the gun is |lowered through the well flow conqucko

1n order

AR 1997

to place the gun at the desired depth in the well flow conducter
Al ternatively, the :

WELL COMPLETION APPARATUS

This invention relates generally to an apparatus

and method for completing a downhole well.

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

pfoduction tubing inside the casing. The annulus between

the liner or casing aﬂd the surrounding formation is sealed

with a deposit 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 surroundlng well bore.

If the lining or casing traverses a hydrocarbon—

bearing formation, the lining is perforated to create flow

apertures through the casingféhd cement so that the

formation fluids can flow into the well. The liner and/or

well casing is perforated by a perforating gun_whidh 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.

In some completions, however, the well bore is

uncased, and an open face is established across the oil or

gas bearing zone.
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annul ar | ocator recesses could have |dent|cal profiles..In conparing the

mppl e 80 to the previously described nv.nglsﬂg%i HAS BEEN |be nctgg A\}"?Msuc%HéET

nipple 80 is not provided with a slidgb IREEEA@% | soljati on
as the previously described sleeve 64)Lioc +at-erAal |y seallgg 13§?
hell h

the side wall flow openings 90 of the nlgfle 80. Accordi ngl-y,
t he | ongi tudi nal ni.pple section 80b in which such openings arle fotned may

be Consi_dq;,ﬁpalg'e&raera,}ae,{gémg S SAeLd Yype may be utilized, [for example,

—+

1n water wells, test wells and horizontal/deviated well
‘completions. In one form of such uncased completions, a
relatively small diameter flow.conductor is suspended within the
uncased bore hole and cement is pumped through the flow conductor
iﬁto the annulus between the flow conductor and the surrounding
earth fofmation. Af.ter Cemént residue is cleaned from the flow
conductor, the flow conductor and the sufrounding cement deposit
are perforated to admit formation fluid into the well.

Because of the economies associated with this type of
uncased complétion, there is a continuing interest in improvincj
the flow conductors used in such completions.' There is a need
in such completions for a small diameter nipple, incorporated in
the well flow conductor, which can be used in vertical as well
as deviated uncased well bores, and reliably perforated by a
small diameter perforating gun.I There is also .a need for
apparatus and methods for closing off the flow openings in a
small diameter nipple of the type described. It is accordingly
an object of the present inventigr_l-_ to provide such a nipple and
associated flow opening closure apparatus and methods.

In c_:arrying out principles of the present invention,. in
accordance with a preferred embodiment thereof, a specially
configured tubular nipple structure is provided that may be
coaxially placed in a .subterranean well flow conductor, and
positioned therein to extend through a subsurface fluid

production zone. In a representative well cowpletion, a

This Sheet Has Been Replaced
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58A of nipple'22 since the length of section 80b of nipple 80 is not
limted by the weight and/or sliding frictional forces of a vaple —
hq. REPVACEMENT SHEET

§l eeve carried therein. -18- More specifically, whether t
conductor in which
' -3 - 18 MAR 1397
According to the present invention, therJ is —

p}ovided a subterranean well completion apparatus, which
comprises a tubular well flow conductor for extending
through a subterranean well bore, the conductor having
coaxially installed therein a tubular nipple extending aloﬁg
an axis, said nipple having a radially enlarged annular
interior side surface pocket area formed in a longitudinal
section of said nipple through which flow openings radially
extend; and a tubular sealing member coaxially and
nonmovably disposed within said 1ongitudina1 section, said
tubular sealing member being in forcible, radiélly outwardly
directed contact with the interior side surface of said
longitudinal section and sealing off said flow openings.

In carrying out the present invention, in
accordance with a preferred embodiment thereof, a specially
configured tubular nipplé structure is used that may be
coaxially placed in a subterranean well flow conductor, and
positioned therein to extend through a subsurface fluid

Qroduction zone. In a representative well completion, a



v

previ ously described nipples 22,24 are incorporated is verti cpt=

hori zontal , or at sonme devi ation angl e therebetween, the naxi

LAGEMENDISHEET

the slidable isolation sleeve 64 is determ ned by the maxi nuny pj

shifting forces that may be exerted on the sl eeve. The sl egve

force required is, of, course directly propgortional to the

ng} |

L
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Shigf i\
18 Mg o7

sl eeve 64 which, in turn, is directly proportional to its |engt

mexi mum | enghlietdshe10er fspie! pilwpd ki BCoEor hehimipmles bey

s —tre—4

eaked,oéﬁch

nipple extending through a subsurface fluid production zone.

Each nipple has an increased interior diameter along a
longitudinal section thereéf. Accordingly, the wall thickness
of this longitudinal section is reduced relative to the'baiance
of the nipple. Such wall thickness reduction in the longitudinal
nipple section substantially facilitates its perforability.

Interiorly fbrmed in a hon-thinned wall section of each
nipple structure is an annular toél locator member receiving
profile. The contour of each such pféfile may be different than
those of all of the other profiles. | |

The thinned-wall section of each nipple may have flow
openings formed therethrough either before or after the nipple
is operatively positioned within a production zone portion of the
well bore. When the nipple flow openings are formed after
subsurface placement of the nipples, for example by a shaped
charge perforation gun, the gun structure may have mounted
thereon one of an interchangeabl?:series of radially expandable
locator members each configure@ té be removably and lockingly
received in a selected one of the interior nipple é:ofiles.
Accordingly, the perfbfatidn gun cén be very precisely located
at any selected one of the thinned-wall nipple sections without
the necessity of electfomagnetically sensing and counting piping
joints (a process commonly referred to as "collar logging") as
the perforation gun is lowered into place through the flow
conductor.

According to a primary aspect of the present invention, any

longitudinal portion of the thinned-wall nipple section may be
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by the slldable sleeve is linited by the nBX|nun1pern1SS|bIe Agt-h—af—tre
sleeve itself (about ten feet (3m). Since this linmtation is aRﬁEhACENENTNSHEET
dl ternate enbodi nent 80 of the nipple 22, the | ength of the plerforabte

ni ppl e section 80b may be consi derably Ionger than ten feet .(Bm MAR 1897
Representatively, this advantageously pe%nﬁts each of the nippl ;é%tlons
80b to be several hundred .feet (one foot is approximately equgl O=—8m—™n
length if subseqdenvhy| e seisdedi ppiingg0, B2 apEPRESERIEet a$e¥ 99|IN§§bﬁated

in
preferably in the form of a conventional, raa;ally expandable

tubular metal patch member lowered into the thinned-wall nipple
section on a cohventional patch-setting tool. Precise location
of the tool (and thus the expéndéble patch member carried
thereon) within the flow conductor is achieved by appropriately
mounting on the setting tool structure a radially expandable
locator member similar to that described above in conjuncfion
with the perforation gun. . |

Thus, by appropriately selecting the locator mémber carried
by the patch-setting tool, the expandable patch member may be
precisely positioned within the perforated thinned-wall nipple
section to be’ sealed,' without the necessity of
electromagnetically sensing and counting piping joints as the
éetting tool structure is lowered into place through the flow
conductor.

After the patch member is lowered into place within the
perforated thinned-wall nipple section, an expander portion of
the setting tool is pulled upwardly through the patch member (and
subsequently out of the flow conauctor) in a conventional manner
to radially expand the patch into sealing engagement with the
interior side surface of the thinned-wall nipple seétion.

Importantly, since the cylindrical patch is installed within
an enlarged internal diameter section of the nipple, the interior
diameter of such nipple section may be appropriately correlated
with the installed inner diameter of the patch in a manner sﬁch
that the installed patch member does not reduce the "drift"

(i.e., the minimum interior diameter) of the flow conductor.



vertical orientations, it will be appreciated that they could alsd be

i ncorporated in horizontal or otherw se deviated well flow cgn
desired. °~ Additionally, while the flow openings 90 have b eﬁéﬁ@&@ﬁ"@dSHEH

as being formed (using a perforating gun) after the nippled Have been
operatively positioned within the well boge,. the openings 90 cdulﬂngAR 1997
formed in other manners prior to the positioning of the nipplleg 80,82 in

the well herg o MEANeEhetginhbe, M PREHHYS rfea @A Rétch is received

in"a radially enlarged interior "pocket" portion of the nipple

structure. the interior side surface of the installed patch

member does not radizlly en croach inwardly beyond the diametrical

periphery of the balance of the nipple structure.
In order that the invention may be more_fully

understood, various embodiments thereof will now be
described, by way of illustration ohly, with reference to

the accompanying drawings, wherein:

FIG. 1 is a simplified schematic diagram showing a vertical
section through two producing formétions which are intersected
by an uncased well bore which has been completed with two
production nipples suspended from a retrievable packer;

FIG. 2 is a simplified, sectional view which illustrates
perforation of the procduction nipple, cement deposit and
formation in a slimhole/monobore completion;

FIG. 3 is a longitudinal sectional view of the production
nipple of FIG. 1 showing the isolation sleeve in its uncovered
position with the dedicatéd 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 dedicated sidewall
of the production nipple is sealed;
FIG. 5 is a 1longitudinal sectional view of the

slimhole/monobore completion showing the production of formation

fluid through the perforated nipple;



prior to the subterranean installation of the nipples 80,82 other shapes
and types of flow openings (for exanple, slots) could be utilizedif

desired. Instead of perforating the thinned wall of - 19 :
| ongi tudi nal nipple section 80b to formthe radial flow RWCEMENT SHEET
. 7 - -
¥R MAR 1997

FIG. 6 is a view similar to FIG. 3 in which-—£fluid_flaw _
through the producticn nipple has been terminated by an isclétion
sleeve; |

FIG. 7 is a simplified, _sectional view which illustrates a

horizontal well completion in an uncased bore hole in which
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openings in the overall nipple structure 80, such fIOM/opénings coul d_al
be defined by the multiplicity of small openings in a suit FET
porous flow menber, such as a sintered screen nenber, axial )R PES@%@W?*‘

and form ng an aX|aI portion of the nipple 80. Fl'ow openingg have b%ﬁﬁ
representatively.illustrated as being inlLeg qpenings for adnft|VQ)MA
production fluid into the interiors of the nipples 80 and 8%, {the

i||Ustrafﬁmiﬂiﬁﬂéﬁbfghég%ion nipples are positioned in regilstration with

T

multiple producing zones;
FIG. 8 is a longitudinally foreshortened, highly schematic
side elevational view of a porﬁion cf the well completicn in
which two alternatively configured nipples are operatively
connected;
FIG. 9 is an enlarged scale partial cross- sectlona? vwew,
taken along line 9-9, through one of the FIG. 8 nlpples;
FIG. 9A is a cross-sectional view similar to that in FIG.
9 and schematically illustfating a. setting tool being used to
axially position an expandable tubular patch member in a thinned-
wall, increased interior diameter longitudinal section of the
FIG. 9 nipple;
FIG. 9B is a cross-sectional view similar to;that in FIG.
92, but with the setting tool removed and the tubular patch
operatively expanded into intermally sealing contact with the
thinned-wall section of the alternatively configured nipple; and
FIG. 10 is a slightly enlarged scale cross-sectional view
through the alternatively configgréd nipple taken along line 10-
"10 of FIG. 9A.

| In the description which follows, like parts are indicated
throughout the specification and drawings with the same referén;e
numerals, respectively. The drawings are not necessarily to-
scale and the proportions of certain parts have been exaggerated
to better illustrate details of the inventionm.

Referring now to FIG. 1, a first hydrocarbon formation 10

and a second hydrocarbon formation 12 are intersected by an




t hrough t he Turning nowto FIGS. 9A and 10, the
90 in the installed nipple 80 may be subgeQUentry seal ed of f,
t he ni pple 80, using an expandabl e sealing nenber, preferably in the form

t her eby beini3 GheeiXi=0 detsRefited Ni ppl es. ' | r eadi{l REPIATERMENT. SHEET
t hat these H :lm @iﬂﬂm al so functijoh™ \ﬁEPLAﬁE@ 5 f)lpeni 119 Syt
application ' is desired tjo fl owetr radi gl |y ogtwargdlLy :
m E - f |lomﬁj hp&W‘n@?
¢ AR |

of a convewnfaned, weddi BPFg @4pandapl Bncasgdaweadd; fore 14 islsealed from
the surface by a primary casing string 16, having an 11 inch
diametér, which is secured to the wellhead 'asseﬁbly.
Intermediate zones of the uncased well bore 14 are isoclated by
an intermediate casing string 18, having a 7 5/8 inch diameter,
and a final casing string 20, having a 5 1/2 inch casing
diameter. |
The well 14 is ccmpleted by multiple nipéle sections 22,24
which are connected by a threaded union T in flow communication
b& 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 production 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 f£fluid
communication with a string of 3 1/2 inch productibn tubing 36
by a full bore landing nipple 38. Production flow through the
production tubing string 36 is controlled by a tubing retrievable
safety valve 40. | |
Before the préduction tubing 36 ié installed in the full
bore landing nipple 38, a work string is coupled to the landing
nipple and a predetermined 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 conductors and
~ production nipples is filled with a cement deposit 42 which
prevents vertical flow of formation fluid 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



seal i ng patch 92 coaxially supported around a shaft portion 94 of _a
conventional setting tool 96 which may be | owered through t %MWQHLENkNW/SHEET
conductor and has an axially novabl e expander portion 98 ca r|ed'on th
| oner end of the shaft 94 beneath the bottom end of the tubdl Eatﬁa %@W
As in the case of the previously describedoperforating gun, |the H l
tool 96 carries thereon radially expandabl e | ocator nenbers {88a_whichoaie—
sel ected fremeat £mbar thandéablecsrg Hiuid and to wipe the cément from the

packer bore, the flow conductor bores and the"nlpple bores as the
cement is displaced out cf the tubing and into the surrounding
annular space.

After the seal plug has been removed and the production
bores_héve.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 inside. The perférating' gun assembly 44 'is
equipped with a mandrel 46 which includes an array of explosive,
jet-type perforating éharges 48. The perforating gun 44 is
coupled to the flow conductbr 28 by a locator sub 50.

Upon detonation, each explosive charge 48 produces a high
temperature, high pressure plasma jet 52 which pénetrates the
sidewall of the nipple 22, the protective cement layer 42 and the
surrounding formation 12. The high temperatute, high pressure
plasma jet 52 penetratés the metal sidewall of the nipple, thus
producing a clean perforation 54 through the surrounding concrete
layer and earth formation. Préferably, the. shoot is performed
with the well in an underbalanced pressure condition relative to
the surrounding formation. With a sufficiently high pressure
differential, the pressure surge from the surrounding formation
will break up any compacted material and sweep it back_in the
well bore where it will be flowed to the surface. As compacted
fragments are swépt away, the nipple sidewall perforations 5S4 are

cleaned and cleared for maximum inflow. After the perforating.
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| ocat or

menbers (or "keys") having different pfofiles each configured to

be conplenentarily and lockingly received radially in the annul ar recess,88

of only one of the nipples 80,82 (in REPLACEMENT SHEET -
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gun 44 is removed from the well, the well is then ready for

immediate production.

Referring now to FIGS. 3 and 4, the production nipple 22

includes a tubular mandrel 58 which includeé first and second
longitudinally spaced sidewall sections 58A,58B. According to
one aspect of the present invention, one of the mandrel sidewall
sections, 1in this instance section 58A, is dedicated fof
perforation by a perforating gun, and is charac;erized.by a lower
resistance to perforation in response to the explosive force of
a shaped charge as compared to the perforaﬁion resistance of the
other sidewall section 58B. The differential resistance to
perforation is obtained, accérding to one aspect of the present

invention, by forming the dedicated sidewall section S8A with a

reduced radial thickness as compared to the sidewall thickness

of the nipple section 58B.

The mandrel section 58B is intersected by a 1ongitudinal
production bore 60, and the dedicated sidewall éection 58A is
intersected by a longitudinal cogpperbore 62 which extends along
the length of the dedicated sidewail section 58A. According to
this arrangement, the main prodﬁction bore 60 is enlarged by the

counterbore 62 along the length of the dedicated sidewall

~ section. The radial thickness of the dedicated sidewall section

58A is reduced substantially with respect to the thickness of the
nipple sidewall section 58B, as shown in FIG. 4. In those
installations where the nipples support very little hang weight,
the radial thickness of the deéicated sidewall section 58A can
be reduced substantially relative to the thickness of the nipple

sidewall section 58B.
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isolation sleeve 64 is incorporated within the production 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
sectioﬁ 58A ia exposed to the perforating gun 44. The isolation
‘'sleeve 64 is also movable to a closed position, as shown in FIG.
4, in which the perforated, dedicated sidew;ll section is sealed
for the éurpose of isolating the zone which may be producing an
excessive amount of gas or water.

| The isolation sleeve 64 is received in slidable, sealing
engagement against the pfoduction bore 60 of the nipple_mandrel.
The isolation sleeve 64.is.provided with shifting shoulders
64A,64B which are engageable by a shifting tool supported on a
wire line or by a coiled tubing string. Aléhough the exemplary
embodiment shows that the dedicated nipple sidewall section 58A
is arranged for exposure'by'déwnspiﬁting the isolation sleeve 64,
it will be appreciated that the respective positions of the
dedicated nipple section S&A_and nipple section S5$8B could be
reversed, with the isolation sleeve 64 being shifted upwardly for
exposure of the dedicated sidewali 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 prodﬁction
bore 60 by fi;st and second annular seal members 68 and 70,

respectively. The annular seal members 68,70 are curved, molded



fl ow conductor. As illustrated in FIGS. 9A and 10, - the tubul ar patch nehber

92 in its 'ready-to-use configuration has a circunferential | y=spacee—series
of longitudinal corrugations 100 serving to reduce the outer B&f%SreitastNdr SHEET
the patch nenber to a magnitude | ess than that of the drift |difameter—bt;
thereby permtting the patch nenber 92+t d e | onered through het wehbiagf {ggp
conductor into the target nipple section 80b. Once this is dqone, the

expander 98..15 which are carried in annular slots formed if the shifting

—+

shéulde:s 66A and 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 58A
of the nipple is unéoﬁered, thus permitting the flow of formation
fluid through the nipple perforations 56, és indicated by the
arrows 72. As shown in FIG. 6, the dedicated section 58A is
completely covered by the isolation sleeve 64, and the
counterbore 62 is sealed by the annular seals 68 and 70, thus
- preventing the inflow of formation fluid through the nipple
perforations 56. |
In some installations, the flow conductor 28 ié suspended
directly from the wellhead, with one or more production nipples
22,24 being suspended within the uncased well bore,.typically in
a shallow slimhole/moncbore well completion. In such
installations, the perforating gun 44 may be locgted aécurately
when the depth of the productioninipple is known. The operator
runs the perforating tool until thé length of the coiled tubing
cprresbonds 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 arm 76 is movable from a retracted, non-interfering

position which permits travel of the perforating gun 44 through
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interio 104 of the nipple.secit+or-80—over th | ow openi ngg’s
90 therein. The setting tool 96 is them upwardly withdrawh. rdm t 19
ni ppl e 80 | eaving the now operatively expanded tubul ar patc [ ent |

in place wehei profduckdngi bodienaltos éctiashiaddy cixtapsird, gbagghed position,

as 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
sidewall section 58A of the production nipple 22. The
longitudinal distance oflthe'dedicated nipple sidewall section
58A reiativé to the locator slot 74 is known, and the length of
the perforating gun 46 relative to the latch arml76 is adjusted
“with a coupliné sub 78 so that the explosive charges 48 are
centered in shoot alignment along the length of the dedicaﬁed
nipple sidewall section 58A when the latch arm 76 is received in
detented engagement with the locator slot 74.

It will be appreciated that because of the reduced radial
thickness of the dedicated ﬁipple sidewall section 582, reliable
puncﬁure and penetration through the nipple 22, cement deposit
42 and earth formation 10 can be obtained with a smaller, less
powerful éxplosive 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 1/2 iﬁch or smaller) utilized in
slimhole/monobore completions. Because of the reduced sizing
provided by the production nipple of the present invention, 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 required to complete the well are reduced.

- Moreover, the well may be completed on coiled tubing, thus

further reducing the cost of the completion string and reducing
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illustrated in FIG 9B, the interior side surface dianeter D2 ¢T ﬂc ——
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the overall time raquired for installation. Since cgiled tubirmg

may be utilized, t_:he well may be completed or recompleted WITHOUT —
thé necessity of killing the well, thereby reducing the potential
for damage to the reservoir. Moreover, in multizone completions,
the production nipples may be c_:pened ahd closed .as desired,
either sequentially or selectively, .for isolating a zone which
may be producing too much water dr gas. The production nipples
of the present invention may also be used in uncased, horizontal
-coméletions as shown in FIG. 7.
| | Schematically depicted. in FiG. 8 are a pair of .alternatively
con_figured nipples 80 and 82 which are representatively connected
in the well flow conductor structure 26,28 in place pf the
previously described nipples 22,24 shown in FIG. 1. With one
exception discussed below, nipple 80 has a configuration
identical to that of nipple 82 and is cross-sectionally
illustrated in FIG. 9. ' o | |
As shown in FIG. 9, the body of nipple 80 has a generally
tubular configuration, and an upper: longi{:udinal section 80a with
an interior diameter D, which, for purposes oflillustration, will
be assumed to be the minimum “érift" diameter of the well flow
conductor in which the nipples 80,82 are installed. Extending
downwardly from the longitudinal section 80a of the tubular
ﬂipple body is a thinned-wall, increased interior diameter lower
longitudinal section 80b having, along its length, an interior
diameter D, greater than the upper longitudinal .sectic.m diameter
D,. Longitudinal section 80b is representatively of a unitary
consﬁruction, but may alternatively be fofmed from several

connected longitudinal segments of thinned—wéll pipe.



t hi ckness of the tubular patch nmenber 92 in a m ner such that when the

pocket 84 as shown in FIG 92 the interior diameter Derr] _
patch nmenber is not, l'ess than the drift dianeter Derr]. T i%
i

pat ch nmenber 92 is operatively expanded into the annul ar si T
 REHLACEMENT, SHEET
h

advant ageously mai ntains the previous_mjgi mumdrift dianmete f {theMAR 4997 |
wel |l flow conductor and thus does not reduce the maxi mumra | size of
apparatus that THaY% Be fFeseed iali Betyethrdighet bes it enedDpniquyead® within
Accordingly, if

longitudinal nipple section 80b'an annular interior side surface
pocket area '84- that projects radially outwardly beyond the
interior side surface 86 of longitudinal section 80a. The
diameter differential also substantially reducés the wall
thickness of lpngitudinal séction 80b relative to that of
longitudinal section 80a. In turn, this substantially
facilitates the side wall perforability of longitudinal section
80b.

Coaxially formed in the iﬁterior side surface 86 of
longitudinal section 80a is an annular tool locator member recess
88 similar to annular locator slot 74 in the-previously'described
nipple 22. Annular recess 88 is configured to coﬁplementarily
and lockingly receive locator mémbers (such as the members 76
shown in FIG. 2) carried oﬁ a perforating gun lowered into the
flow conductor to the éelected nipple. As previously described
in conjunction with the nipple 22, the perfofating gun, precisely
located in a shooting position within the longitudinal nipple
section 80b by the receipt of the locator members. in the recess
88, may be used to form the illustrated flow -openings 90 in the
thinned-wall longitudinal section 80b.

Alternatively, the annular, recess 88 may be formed in-a
portion of the well flow conductor axially adjacent the nipple
structure. Since the nipple structures 80,82 define portions of
the overall well flow conductor, ‘a reference herein to forming
an annular locator recesé within the well conductor includes
either the formation of the recess within a nipple structure

proper, or within the balance'of the ‘well flow conductor (such
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pat ch nmenber | owered through the nipple 80. The tubul ar patch nﬁng@R ﬁﬁ?
been representatively illustrated in FIG 9A as being of sufffidie
tointeriorly seal off all of the 1flew openings 90 i khe

| ongi tudi nal section 80b of the nipple 80. However, if desirdd, a shorter

pat ch nmenbgs egel dupRilvsebderbems 06T and R&Sogkowht in FIG. tir—conmected
between the nipple structures.

According to a. feature of the present invention, each
locator recess 88 in the nipples 80,82 (as well as any others of
thié nipple embodiment incorporated in and defining a portion of
the well flow conductor) preferably has a profile different than
those of all the other locator member recesses formed in the
nipples. Accordingly, by mounting on the perforatihg gun tool
locator members configured to be complementarily received in only
a selected one of the annular recesses 88, the perforating gun
(as shown in FIG. 2) may be precisely located in any selected one
of the longitudinal nipple sections_sob without the necessity of
electromagnetically sensing and counting piping joints (a process
commonly referred to as "collar logging"), as the gun is lowercd
chrough the well flow conductor, in order to place the gun'at_the
desired depth in the well flow conductor. Alternatively, the
annular locator recesses could have identical profiles. |

In comparing the nipple 80" to the previously described
nipple 22 it will be noted that the nipple 80 is not provided
with a slidable, internal isolation sleeve (such as the
previously described sleeve 64) for‘usé in internally sealing off
the side wall flow openings 90 ¢of the nipple 80. Accordingly,
the length of the longitudinal nlpple sectlon 80b in which such
openings are formed may be considerably greater than the section
58A of nipple 22 since the length of section 80b of nipple 80 is
not limited by the weight and/or sliding frictional forces of a

movable closure sleeve carried therein.
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previously described nipples 22,24 are incorporated is vertical,
horizbntal, or at some deviation angle therebetween, the maximum
length of the slidable isolation sleeve 64 is determined by the
maximum permissible shifting forces that may be exerted on the
sleeve. The sleeve shifting force required is, of, course
directly proportional to the'length of the sleeve 64 which, in -
turn, is directly proportional-to its length. Thus, the maximum
length of the perforated nipple section which can be sealed off
by the slidable sleeve is limited by the maximum pérmissible
length of the sleeve itself (about ten feet). Since this
limitation is absent in the alternate embodiment 80 of the nipple
22, the length of the perforable nipple section 80b may be
considerably' longer than ten feet; Representatively, this
advantageously permits each of the nipple sections éOb to be
several hundred feet in length if desired.

| While the nipples 80,82 are representatively illustraﬁed in
vertical orientations, it will_béfappreéiated tha: they could
also be incorporated in horizontal or otherwise deviated well
flow éonductors if desired. ..Additionally; while the flow
openings 90 have been described as being“ formed (using a
perforating gun) after the gipples have been operatively
positioned within the well bore, the openings 90 could be formed
in other manners prior to the positioning of the nipples 80,82
.in the well bore. Moreover, when the fléw openings are formed
pridr to the subterranean installation of the nipples 80,82 other
shapes and types of flow openings (for example, slots).could be

utilized if desired. Instead of perforating the thinned wall of
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the longitudinal rnipple section 80b to form the radiai,flow

openings in the overall nipple structure 80, such flow openings
could also be defined by the multiplicity of small openings in
a suitable permeable porous flow member, such as a sintered
screen mémber, axially interposed in and fofming an axial portion
of ﬁhe nipple 80. |

Flow openings 90 have been representatively illustrated as
being inlet openings for admitting proauction fluid into the
interiors of the nipples_ao and 82, the illustrated nipples 80,82
thereby being “production” nipples. However, it will be readily
appreciated that these openings could also function as outlet
flow openings in applications in which it is desired to flow
fluid fadially outwardly through the openings 90.

Turning now to FIGS. 9A and 10, the flow openings 90 ?n the
installed nipple 80 may be subsequently sealed off, from &ithin
the nipple 80, using an expandable sealing member, preferably in
the form of a conventional, radially expandable tubular metal

- sealing patch 92 coaxially supported around a shaft portion 94
of a conventional setting téol 96 which may be lowefed through
the well flow conductor and has an axially movable expander
portion 98 carried on the lower end of the shaft 94_beﬁeath the
bottom end of the tubular patc? 92.

As in the case of the previously described perforating gun,
the setting tool 96 carries thereon radially expandable locator
members 88a which are selected from an intexchangeable set of
locator members (or ‘“"keys") having different p;ofiles each
configured to be complementarily and lockingly received radially

in the annular recess 88 of only one of the nipples 80,82 (in
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formed in a longitudinal section of said nipple through wh
radi al |y extend; and a tubul ar sealing nesber coaxially and fiohnovably
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being in forcible, radially outwardly directed contact with the interior
side surfddeisfcasednipple 80). Accordingly, by 'étppropr1&4te‘'I‘7‘"'§E‘I''éE‘.E"J'."r'i'g"""'I

the profile of the locator members 88a securedgfﬁ“fﬁg'bbfflng

toocl 96, as the setting tool is léwered through the well flow
conductor it automatically locks into place at the selected
nipple to precisely position the expandable patch member 92
within the 1longitudinal section 80b of the selected nipple
without the necessity of electromagnetically'sensing'and counting
piping joints to appropriately position the tool within the well
flow conductor. | _

As illustrated in FIGS. 9A and 10, ;he tubular patch member
92 in its ready-to-use configuration has a circumferentially
spaced series of longitudinal corrugations 100 serving to reduce
the outer diémeter of the pafch member to a magnitude less than
that of the drift diameter D,, thereby permiﬁting the patch
member 92 to be lowered through the well flow cohductor into the
target nipple section 80b. Once this is done, the expander 98
is forcibly moved upwardly.- through the patch member 92, as
indicated by the arrow 102 in FIG..9A. This forcibly expands the
patch member 92, in a radially outward direction, into forcible
sealing engagement with the inferior side surface 104 of the
nipple section 80b over the flow openings 90 therein. The
setﬁing tool 96 is then upwardly withdrawn from the nipple 80 .
leaving the now operatively expanded tubular patch 92 permanently
in place within the longitudinal.section 80b of nipple 80 as
shown in FIG. 9B.

According to a key aspect of the present invention best
illustrated in FIG. 9B, the interior side surface diameter D, of

the longitudinal nipple section 80b is correlated with the wall



| ongi tudi nal section and sealing off said fl ow openings. 2.

Appar atus according to claim1, wherein said nipple is a pno td |

and sai d. fl ow openings are inlet flow openings. 3. ﬂEﬁL&QﬁMéﬂﬁOEHEET
according to claim1 or 2, wherein said nipple has a m ni interiaor

di anmeter |l ess than the |nter|or si de surhgce dianeter of s |d prk&ﬁ al382,

and said tubul ar sealing nember has an interior dianeter ndt
thickness of the tubular patch member 92 in a manner such that

when the patch member 92 is operatively expanded_into the annular
side surface pocket 84 as shown in FIG. 9B the interior diameter
D, of the expanded patch member is not less than the drift
diameter D,. This advantageously maintains_the pievious minimum
"drift diameter of the overall well_flow conductor and thus does
not reduce the maximum radial size of apparatus that may be
passed axially through the patched nipple 80. Accordingly, if
desired, the flow openings 90 in the nipple 82 (or other nipples
below the now sealed nipple 80) may be subsequently sealed using
another tubular patch member lowered throﬁgh the nipple 80.

_ The tubular patch member 90 has been representatively
illustrated in FIG. 92 as being of sufficient length to
interiorly seal off all of the flow openings 90 in ‘the
longitudihal section 80b of the‘nipple 80. However, if desired,
a shorter patch'member could be used to seal off only some of
such openings. | |

‘While the interior sealing of the perforated nipple section
80b has representatively been iiiﬁétrated using a tubular metal
patch member installed by a setting tool which carries the patch
down the flow conductor, other types of tubular sealing members
could be placed in the perforated section 80b and then
operatively expanded into place therein using other types of

expansion means if desired.
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CLAIMS:
1. A subterranean well completion apparatus, which

comprises a tubular well flow conductor for extending
through a subterranean well bore, the conductor having
coaxially installed therein a tubular nipple extending along
an.axis, said nipple having a radially enlarged annular
interior side surface pocket area formed in a longitudinal
section of said nipple thtough which flow openings radially
extend: and a tubular sealing member coaxially and
nonmovably disposed within said longitudinal section, Said
tubulaf sealing member being in forcible, radially outwardly
directed contact with the interior side surface of said

longitudinal section and sealing off said flow openings.

2. Appératus according to claim 1, wherein said
nipple is a production nipple and said flow openings are

inlet flow openings.

3. Apparatus according to claim 1 or 2, wherein said
nipple has a minimum interior diameter less than the
interior side surface diameter of said pocket area, and said
tubular.sealing member has an interior diameter not
appréciably smaller than sai&gﬁinimum interior of said
nipple, whereby the drift of .said nipple is not appreciably

reduced by said tubular sealing member.

4. Apparatus according to claim 1, 2 or 3, further
comprising an annular interior side surface recess coaxially
formed in said well flow conductor, longitudinally outwardly
of said pocket area, and configured to complementarily
receive a locator member carried by a tool axially inserted

into said nipple.

5. : Apparatus according to claim &4, wherein said

annular recess is formed in said nipple.
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6. Apparatus according to claim &4 or 5, jwh

annular recess is configured to complementarily receive a

locator member suphorting_a perforating gun.

7. Apparatus according to claim 4 or 5, wherein said
annular recess is configured to complementarily receive a

locator member supporting a patch-setting tool.

8. Apparatus according to any of claims 1 to 7,
wherein said sealing member comprises a tubular metal patch

portion.

9. ‘A subterranean well completion apparatus
substantially as herein described with reference to any of

the accompanying drawings.

10. - A subterranean well completion apparatus according
to any of claims 1 to 9, installed in a subterranean well

bore.

11. ‘The use of an apparatus as claimed in any pf

claims 1 to 9, for the completion of a subterranean well.

'\

This Shee.
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recess is configured to conplenentarily receive a | ocator nenber supporting
a perforating gun. 7. Apparatus according to claim4 or 5, wherein

Sai d annul ar recess is configured to conplenentarily rece|Vﬁ
menber supporting a patch-setting tool. 8. Appar at-ys g@@%ﬁéﬂh®r§5557

any of clainms.1l to 7, wherein said sealing nenber conprisgs ja tubular netdl
patch portion. 9. A subterraneanZéet| conpl etion agpar at s MARCIZ®Ai rlg
to any of

ABSTRACT

WELL COMPLETION APPARATUS

A subterranean well completion apparatus comprises
a tubular well flow conductor (28) for extending through a
subterranean well bore (l4), the conductor (28) having
coaxially installed therein a2 tubular nipple (22) extending
along an aiis. said nipple (22) having a radially enlarged
annular interior side surface pocket area (58A) formed in a
-longitudinal section of said nipple through which flow
openings (54) radially extend: and a tubular sealing member
(64) coaxially and nonmovably disposed within said
longitudinal section, said tubular sealing member (64) being
in forcible, radially outﬁardly directed contact with the
interior side surface of said longitudinal section and

sealing off said flow openings (54).

Fig. 6
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Uncased arrangements of this type may bé utilized, for example,
in water wells, test wells and horizontal/deviated well
completions. In one form '.of such uncased completions, a
relat_ively small diameter flow conductor is suspended within the -
uncased bore hole and cement is pp.mped through the flow conductor
into the annulus between the fléw conductor and the surrounding
earth formation. After cement residue is cleaned from thé flow
conduc-tpr, the flow conductor and the surrounding cement deposit
are perforated to admit formation fluid into the well.

Because of the economies associated with this ty-pe of
uncased compiet;i.on, there is a -continuing interest in improving
the flow conductors used in such completions. “There is a need
in such completioﬁs for a small diameter nipple, incbrporated in
the well flow conductor, which can be use_d in ve_:_r:tic;’al a'é _well

as deviated uncased well bores, and reliably perforated by a

.small diameter perforating gun. There is also a need for

apparatus and methods for closing off the flow openings in a
small diameter nipple of the type described. It is accordingly
an object of the present invention to provide such a nipple and

associated flow opening closure apparatus and methods.

-
>
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uncased well bore 14. The uncased well bore if is sealed from

the surface by a primary casing string 16, having an 11 inch
diameter, which is secured to the wellhead agsembly.
Intermediate zones of the uncased well bore 14 are isolated by
an intermediate casing string 18, having a 7 5/8 inc¢h (19.4 cmj _
diameter, and a fir_zal casing string 20, having a § % inch (14.0cm) casing -
diameter. ' '
The well 14 is completed by' multiple nipple sections 22,24
whic?x are connected by a threaded union T in flow communication
by flow-colnductors 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_,pro_ducti-on packer 30 includes'__a mandrel 32 having a
longitudinai production bore 34 for conveiring f.ormation fluid to
the surface. The packer mandrel bore is coupled in £fluid
6ommunication.with a string of 3 % inch (8.89 cm) production tubing 36
by a full bore landing nipple 38. Production £low through the
production tubing étring 36 is céntrolled by a tubing retrievable
safety valve 40. |
Before the produétion tubing 36 is installed in the full
bore landing nipple 38, a work string is coupled to the landing
: nipple and a predetermined volume of cemenﬁ is pumped through the
packer bore, thé flow conduct'o:;s_ 26,28 and tixe productiqn nipples
"~ 22,24. The ar;iriu_lus surrounding' the suspende& flow conductors and
production nipples .is filled Qith a cement deposit 42 which
prevents vertical flow of formation fluid 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
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An isolation sleeve 64 is incorporated within the production nipple-
22 for the purpose of selectively isolating a particular

production zone ét 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 S58A ia exposed to the perforating 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 producing an

excessive amount of gas or water.

The isolation sleeve 64 is received in slidable, sealing
engagement against the production bore 60 of the nipple mandrel.
The isolation sleeve 64 is provided with shifting shoulders
64A,64B which are engageable by a shifting tool supported on a
wire line or by a coiled tubing string. Although the exemplary
embodiment shows that the de’dicated nipple sidewéll section S58A
is arranged for exposure by downshifting the isolation sleeve 64,
it will be appreciated that the respective positions of the
dedicated nipble section S8A and'_ nipple section 58B could be
reversed, with the isolation sleeve 64 being shifted upwardly for
exposure of the dedic..a:ted sidewall section. |

As can best be seen in FIG. 4, the isolation sleeve 64 spans

the complete ].'_:ang_'th of the dedicated sidewall section 58A, with

" the counterbore 62 being seé.led with respect to the production

‘bore 60 by first and second annular seal members 68 and 70,

respectively. The annular seal members 68,70 are curved, molded
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the production bore, to a radially extended; latfh r—
as shown in FIG. 2, in which it is received with%.a—s-he—}eea-eor—-—"

slot 74. According to this arrangement, the perforating gun 44

is located precisely in shoot alignment with the dedicated
sidewall section S58A of the production nipple 22. The
longitudinal distance of the-dedicated nipple sidewall section
S8A relative to the locator slot 74 is known, and the length of
the perforating gun 46-re1ativeito the latch arm 76 is adjusteq
with a coupling sub 78 so that the explosive charges 48 are-
centered in shoot alignment élong the length of the-dedicated
nipple sidewall section 58A when the latch arm 76 is received in
detented engagement with the'locator slot 74.

It will be appreciated that because of the reduced radial
thickness of the dedicated nipple sidewall section 58A, reliable
puncture and penetration.through the nipéle 22, cement deposit
42 and earth forma;iod.lo can be obtained with a smaller, less
powerful explosive charge. Since a less péwéfful exploéive

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 (8.89 cm) or smaller) utilizgd in
slimhole/monobore completions. Because of the reduced sizing
provided by the production nipple of the present invention, the
well may be drilled with a smaller rig, less well co'rztrbl
material is:?equired during drilling of the bore hole, the
quantity of cemékt required is reduced, and the size and quantity
oflcasing and tﬁbing required to complete the well are reduced.

Moreover, the well may be completed on coiled tubing, thus

further reducing the cost of the completion string and reducing
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More specificdlly, whether the well f1léw conddctor in which

previously described nipples 22,24 are incorporated is vertical,
horizontal, or at some deviation angle therebetween, the maximum
length of the slidable isolation sleeve 64 is determined by the
maximum permissible shifting forces that may be exerted on the
sleeve. Thel sleeve shifting force required is, of, ~course
directly proportional to the length of the sleeve 64 which, in
turn, is directly proportional to its length. Thus, the maximum
length of the perforated nipple section which can be sealed off
'by the slidable sleeve J.s limited b_y the maximum permissible
length of the sleeve itself (about ten fee't (3m). Since ﬁhis
limitation is absent in the alternate embodiment 80 of the nipple
22, the length of the perforable nipple section 80b may be
considef:abl].( longer than ten feet (3m). 'Representatively', this
advantageously permits each of the nipple sections 80b to be
several hundred feet (one foot is approximately equal to 0.3m) in length if desired.
While the nipp'les 80,82 are representatively-.illustrated in
.vertical orientations, it will be appreciated that they could
also be incorporated in horizontal or otherwise deviated well
flow conductors if desired. Additionally, while the flow
openings 90 have been descr'ibed..-as being formed (using a
| perforating gun) after the nipples have been operatively
positioned within the well bore, t:he openings 90 could be formed
in other manﬁé‘rg prior to the i:ositioning of the nipples 80,82
in the well bore. Moreover, when the flow openings are formed
Prior to the subterranean installation of the nipples 80,82 other
- shapes and types of floQ openings (for example, slots) could be

utilized if desired. Instead of perforating the thinned wall of
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6. Apparatus according to claim 4 or 5, whereir: said annular

recess is configured to complementarily receive a locator member
supporting a perforating gun.

7. Apparatus according to claim 4 or 5, wherein said annular .

‘recess is configured to complementarily receive a locator member

supporting a patch-setting tool.

8. Apparatus according to any of claims 1 to 7, wherein said
sealing member comprises a tubular metal patch portion.

9. A subterranean well completion apparatus accordi'ng to any of
claims 1 to 8, substantially as herein described with reference to any of the
accbmpanyin'g'drawings. '

10. . A subterranean well completion apparatus according to any of
claims 1 to 9, installed in a subterranean well bore.

11. The use of an apparatus as claimed in any of claims 1 to 9, for
the completion of a subterranean well.



