EP 1 609 946 A2

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
28.12.2005 Bulletin 2005/52

(21) Application number: 05012494.0

(22) Date of filing: 10.06.2005

(11) EP 1 609 946 A2

EUROPEAN PATENT APPLICATION

(51) Intcl.”. E21B 43/08, E21B 41/00

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILTLUMC NL PLPTRO SE SISKTR
Designated Extension States:
AL BAHRLV MK YU

(30) Priority: 23.06.2004 US 876249

(71) Applicant: WEATHERFORD/LAMB, INC.
Houston Texas 77027 (US)

(72) Inventor: Setterberg, John R. Jr.
Huntsville, TX 77320-5492 (US)

(74) Representative: Marchitelli, Mauro
c/o Buzzi, Notaro & Antonielli d’Oulx Srl
Via Maria Vittoria 18
10123 Torino (IT)

(54) Flow nozzle assembly

(57)  The presentinvention generally provides appa-
ratuses and methods for an improved shunt nozzle
which is part of an alternative pathway for a slurry to by-
pass an obstruction such as a sand bridge during gravel

packing. In one embodiment, the nozzle has a hardened
insert that lines a surface of a hole in the shunt and seats
on a surface of a wall proximate the hole, thereby re-
straining movement of the insert relative to the shunt for
welding an outer jacket to the shunt.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention gener-
ally relate to methods and apparatuses for providing a
more uniform gravel pack in a wellbore. More particu-
larly, the invention relates to methods and apparatuses
for providing an improved nozzle for a shunt tube.

Description of the Related Art

[0002] Hydrocarbon wells, especially those having
horizontal wellbores, typically have sections of wells-
creen comprising a perforated inner tube surrounded by
a screen portion. The purpose of the screen is to block
the flow of unwanted materials into the wellbore. Despite
the wellscreen, some contaminants and other unwanted
materials like sand, still enter the production tubing. The
contaminants occur naturally and are also formed as
part of the drilling process. As production fluids are re-
covered, the contaminants are also pumped out of the
wellbore and retrieved at the surface of the well. By con-
trolling and reducing the amount of contaminants that
are pumped up to the surface, the production costs and
valuable time associated with operating a hydrocarbon
well will likewise be reduced.

[0003] One method of reducing the inflow of unwant-
ed contaminants is through gravel packing. Normally,
gravel packing involves the placement of gravel in an
annular area formed between the screen portion of the
wellscreen and the wellbore. In a gravel packing oper-
ation, a slurry of liquid, sand and gravel ("slurry") is
pumped down the wellbore where it is redirected into
the annular area with a cross-over tool. As the gravel
fills the annulus, it becomes tightly packed and acts as
an additional filtering layer along with the wellscreen to
prevent collapse of the wellbore and to prevent the con-
taminants from entering the stream of production fluids
pumped to the surface. Ideally, the gravel will be uni-
formly packed around the entire length of the wells-
creen, completely filling the annulus. However, during
gravel packing, the slurry may become less viscous due
to loss of fluid into the surrounding formations or into the
wellscreen. The loss of fluid causes sand bridges to
form. Sand bridges are a wall bridging the annulus and
interrupting the flow of the slurry, thereby preventing the
annulus from completely filling with gravel.

[0004] The problem of sand bridges is illustrated in
FIG. 1, which is a side view, partially in section of a hor-
izontal wellbore with a wellscreen therein. The wells-
creen 30 is positioned in the wellbore 14 adjacent a hy-
drocarbon bearing formation therearound. An annulus
16 is formed between the wellscreen 30 and the well-
bore 14. The Figure illustrates the path of gravel 13 as
it is pumped down the production tubing 11 in a slurry
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and into the annulus 16 through a crossover tool 33.
[0005] Also illustrated in FIG. 1 is a formation includ-
ing an area of highly permeable material 15. The highly
permeable area 15 can draw liquid from the slurry, there-
by dehydrating the slurry. As the slurry dehydrates in the
permeable area 15 of the formation, the remaining solid
particles form a sand bridge 20 and prevent further filling
of the annulus 16 with gravel. As a result of the sand
bridge, particles entering the wellbore from the forma-
tion are more likely to enter the production string and
travel to the surface of the well. The particles may also
travel at a high velocity, and therefore more likely to
damage and abrade the wellscreen components.
[0006] In response to the sand-bridging problem,
shunt tubes have been developed creating an alterna-
tive path for gravel around a sand bridge. According to
this conventional solution, when a slurry of sand en-
counters a sand bridge, the slurry enters an apparatus
and travels in a tube, thereby bypassing the sand bridge
to reenter the annulus downstream.

[0007] FIG. 2 is a sectional view of a prior art nozzle
assembly 50 disposed on a shunt tube 55. The construc-
tion for an exit point from the shunt tube 55 involves drill-
ing a hole 80 in the side of the tube, typically with an
angled aspect, in approximate alignment with the slurry
flow path 75, to facilitate streamlined flow. The nozzle
assembly 50, having a tubular outer jacket 65, and a
tubular carbide insert 60, is held in alignment with the
drilled hole 80, and the outer jacket is attached to the
tube with a weld 70, trapping the carbide insert 60
against the tube 55, in alignment with the drilled hole 80.
The nozzle assembly 50 also has an angled aspect,
pointing downward and outward, away from the tube 55.
Sand slurry exiting the tube 55 through the nozzle 50 is
routed through the carbide insert 60, which is resistant
to damage from the highly abrasive slurry.

[0008] Both the method of constructing the nozzle 50
and the nozzle itself suffer from significant drawbacks.
Holding the nozzle assembly 50 in correct alignment
while welding is cumbersome. A piece of rod (not
shown) must be inserted through the nozzle assembly
50, into the drilled hole 80, to maintain alignment. This
requires time, and a certain level of skill and experience.
During welding, the nozzle assembly 50 can shift out of
exact alignment with the drilled hole in the tube due to
either translational or rotational motion. After welding,
exact alignment between the nozzle 50 and the drilled
hole 80 is not assured. Because the carbide insert 60
actually sits on the surface of the tube 55, the hole 80
in the tube wall is part of the exit flow path 75. Abrasive
slurry, passing through the hole, may cut through the
relatively soft tube 55 material, and bypass the carbide
insert 60 entirely, causing tube failure.

[0009] Therefore, there exists a need for an improved
nozzle assembly for a shunt tube and a method for at-
taching the nozzle to the shunt tube.
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SUMMARY OF THE INVENTION

[0010] The present invention generally provides ap-
paratuses and methods for an improved shunt nozzle
which is part of an alternative pathway for a slurry to by-
pass an obstruction such as a sand bridge during gravel
packing.

[0011] Inone aspectof the invention, a nozzle assem-
bly is provided for use in a tool having a hole through a
wall of the tool, comprising: an insert configured to at
least partially line the hole and seat on a surface of the
wall proximate the hole, thereby restraining movement
of the insert relative to the tool.

[0012] Preferably, the insert comprises a first portion;
and a shoulder portion between the first portion and a
lip portion, wherein the shoulder portion is configured to
seat on the surface of the wall proximate the hole. Fur-
ther, the lip portion may be configured to at least partially
line the hole and comprise a tapered portion that is con-
figured to form an interference fit with a surface of the
wall defining the hole. The nozzle assembly may further
comprise a jacket having a bore therethrough and a re-
cessed portion for receiving the first portion of the insert.
The nozzle may be constructed from a relatively hard
material, such as a carbide material. The insert may
have a bore therethrough and may be configured so that
a center of the bore will be substantially aligned with a
center of the hole when the insert is seated on the wall
of the tool.

[0013] In another aspect, a nozzle assembly is pro-
vided for use in a tool having a hole through the wall of
the tool, comprising: an insert having a bore there-
through, wherein the insert is configured to mate with
the tool so that a center of the bore is held in substantial
alignment with a center of the hole.

[0014] In another aspect, a method is provided for at-
taching a nozzle assembly to a tool, comprising: insert-
ing an insertinto a hole in a wall of the tool until the insert
seats on a surface of the wall proximate the hole, there-
by lining at least a portion of the hole with the insert and
restraining movement of the insert relative to the tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited
features of the present invention can be understood in
detail, a more particular description of the invention,
briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the ap-
pended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments
of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other
equally effective embodiments.

[0016] FIG. 1 is a side view, partially in section of a
horizontal wellbore with a wellscreen therein.

[0017] Figure 2 is a sectional view of a prior art flow
nozzle configuration.
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[0018] Figure 3 is a top end view of a gravel pack ap-
paratus, according to one embodiment of the present
invention, positioned within a wellbore. Figure 3A is a
sectional view, taken along line 3A-3A of FIG. 3, of the
gravel pack apparatus positioned within wellbore adja-
cent a highly permeable area of a formation. FIG. 3B is
a schematic of one of the shunts showing the placement
of nozzles along the shunt.

[0019] FIG. 4is asectional view of a nozzle assembly,
according to one embodiment of the present invention,
disposed on one of the shunts. FIG. 4A is an enlarge-
ment of a portion of FIG. 4 indicated by the dotted oval
labeled 4A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] FIG. 3is atop end view of a gravel pack appa-
ratus 100, according to one embodiment of the present
invention, positioned within wellbore 14. FIG. 3A is a
sectional view, taken along line 3A-3A of FIG. 3, of the
gravel pack apparatus 100 positioned within wellbore 14
adjacent the highly permeable area 15 of a formation.
Although apparatus 100 is shown in a horizontal well-
bore, it can be utilized in any wellbore. Apparatus 100
may have a "cross-over" sub 33 (see FIG. 1) connected
to its upper end which, in turn, is suspended from the
surface on a tubing or work string (not shown). Appara-
tus 100 can be of one continuous length or it may consist
of sections (e.g. 20 foot sections) connected together
by subs or blanks (not shown). Preferably, all compo-
nents of the apparatus 100 are constructed from a low
carbon or a chrome steel unless otherwise specified,
however, the material choice is not essential to the in-
vention.

[0021] Apparatus 100 includes a wellscreen assem-
bly 105. As shown, wellscreen assembly 105 comprises
a base pipe 110 having perforations 120 through a wall
thereof. Wound around an outer side of the base pipe
110 is a wire wrap 125 configured to permit the flow of
fluids therethrough while blocking the flow of particu-
lates. Alternatively, wellscreen assembly 105 may be
any structure commonly used by the industry in gravel
pack operations which permit flow of fluids therethrough
while blocking the flow of particulates (e.g. commercial-
ly-available screens, slotted or perforated liners or
pipes, screened pipes, prepacked screens and/or liners,
or combinations thereof).

[0022] Also disposed on the outside of the base pipe
110 are two shunts 145. The number and configuration
of shunts 145 is not essential to the invention. The
shunts 145 may be secured to the base pipe 110 by rings
(not shown). At an upper end (not shown) of the appa-
ratus 100, each shunt 145 is open to the annulus. Each
one of the shunts 145 is rectangular with a flow bore
therethrough, however, the shape of the shunts is not
essential to the invention. Disposed on a sidewall of
each shunt is a nozzle 150.
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[0023] FIG. 3B is aschematic of one of the shunts 145
showing the placement of nozzles 150 along the shunt
145. As shown, a plurality of nozzles 150 are disposed
axially along each shunt 145. Each nozzle 150 provides
slurry fluid communication between one of the shunts
145 and an annulus 16 between the wellscreen 105 and
the wellbore 14. As shown, the nozzles 150 are oriented
to face an end of the wellbore 14 distal from the surface
(not shown) to facilitate streamlined flow of the slurry 13
therethrough.

[0024] Disposed on the outside of base pipe 110 are
a plurality of centralizers 130. Disposed on the central-
izers 130, at an end distal from the base pipe 110, is a
tubular shroud 135 having perforations 140 through the
wall thereof. The shroud protects shunts 145 and wells-
creen 105 from damage during insertion of the appara-
tus 100 into the wellbore. The perforations 140 are con-
figured to allow the flow of slurry 13 therethrough.
[0025] In operation, apparatus 100 is lowered into
wellbore 14 on a workstring and is positioned adjacent
a formation. A packer 18 (see FIG. 1) is set as will be
understood by those skilled in the art. Gravel slurry 13
is then pumped down the workstring and out the outlet
ports in cross-over sub 33 to fill the annulus 16 between
the wellscreen 105 and the wellbore 14. Since shunts
145 are open at their upper ends, the slurry 13 will flow
into both the shunts and the annulus 16. As the slurry
13 loses liquid to the high permeability portion 15 of the
formation, the gravel carried by the slurry 13 is depos-
ited and collects in the annulus 16 to form the gravel
pack. If the liquid is lost to a permeable stratum 15 in
the formation before the annulus 16 is filled, the sand
bridge 20 is likely to form which will block flow through
the annulus 16 and prevent further filling below the
bridge. If this occurs, the gravel slurry will continue flow-
ing through the shunts 145, bypassing the sand bridge
20, and exiting the various nozzles 150 to finish filling
annulus 16. The flow of slurry 13 through one of the
shunts 145 is represented by arrow 102.

[0026] FIG. 4 is a sectional view of a nozzle assembly
150, according to one embodiment of the present inven-
tion, disposed on one of the shunts 145. FIG. 4A is an
enlargement of a portion of FIG. 4 indicated by the dot-
ted oval labeled 4A. The nozzle assembly 150 compris-
es an insert 160 with a flow bore therethrough, that fea-
tures a lip 160a that extends into a drilled hole 170 in a
wall of the shunt 145, thereby lining a surface 145a of
the shunt wall that defines the hole 170. Preferably, the
insert is made from a hard material, i.e., carbide, relative
to the material of the shunt 145. As shown, the length
ofthe lip 160a is substantially the same as the wall thick-
ness of the shunt 145. However, the lip 160a may be
substantially longer or shorter than the wall thickness of
the shunt 145. Preferably, the lip 160a features a slight
taper on an outer surface 160c for seating on the surface
145a of the shunt wall, thereby providing a slight inter-
ference fit, however, the taper is not essential to the in-
vention. The insert 160 also features a shoulder 160b
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which seats with a surface 145b of the shunt wall prox-
imate the hole 170, thereby providing a rigid stop limiting
the depth to which lip 160a can penetrate the shunt 145.
An outer jacket 155 having a flow bore therethrough and
a recess configured to receive a portion of the insert 160
may then be easily slipped on and secured to the shunt
145 with a weld 165. Preferably, the outer jacket 155
and insert 160 are tubular members, however, their
shape is not essential to the invention. Preferably, the
hole 170 is not perpendicular to the surface 145b of the
shunt proximate the hole, however, the hole may be per-
pendicular to the surface of the shunt proximate the
hole.

[0027] Assembly of the nozzle assembly 150 is as fol-
lows. The insert 160 is inserted into the hole 170 until
the taper 160c of the hard insert 160 is press fit with the
shunt surface 145a defining the hole 170 and the shoul-
der 160b is seated on the shunt surface 145b proximate
the hole 170, so that the lip 160a lines the surface 145a
and the insert 160 is secured to the shunt 145. The outer
jacket 155 can be disposed over an outer surface of the
insert 160 and securely welded with minimal handling.
Assembly time is greatly reduced, as is the required skill
level of the assembler. Once seated, the nozzle assem-
bly 150 is restrained from translating or rotating relative
to the shunt 145. Alignment of the insert bore and the
jacket bore with the drilled hole 170 in the shunt 145 is
assured. Sand slurry 13 exiting the tube, represented
by arrows 175, passes through the lip 160a of the hard
insert, not the surface 145a of the hole 170. The possi-
bility of flow cutting the surface 145a of the hole 170 is
greatly diminished.

[0028] As shown, the nozzle assembly 150 is used
with a shunt 145 of a gravel pack apparatus 100, how-
ever, the nozzle assembly 150 may be used with various
other apparatuses.

[0029] While the foregoing is directed to embodi-
ments of the present invention, other and further em-
bodiments of the invention may be devised without de-
parting from the basic scope thereof, and the scope
thereof is determined by the claims that follow.

Claims

1. A nozzle assembly for use in a tool having a hole
through a wall of the tool, comprising:

an insert configured to at least partially line the
hole and seat on a surface of the wall proximate
the hole, thereby restraining movement of the
insert relative to the tool.

2. The assembly of claim 1, wherein the insert com-
prises:

a first portion; and
a shoulder portion between the first portion and
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a lip portion, wherein the shoulder portion is
configured to seat on the surface of the wall
proximate the hole.

The assembly of claim 2, wherein the lip portion is
configured to at least partially line the hole and com-
prises a tapered portion that is configured to form
an interference fit with a surface of the wall defining
the hole.

The assembly of claim 2, further comprising a jacket
having a bore therethrough and a recessed portion
for receiving the first portion of the insert.

The assembly of claim 4, further comprising a weld
disposed between an outer surface of the jacket
and the surface of the wall.

The assembly of claim 1, wherein the hole is not
perpendicular to the surface of the wall proximate
the hole.

The assembly of claim 1, wherein the insert has a
bore therethrough and the insert is configured so
that a center of the bore will be substantially aligned
with a center of the hole when the insert is seated
on the wall of the tool.

The assembly of claim 2, wherein the length of the
lip portion substantially corresponds to the thick-
ness of the wall.

The assembly of claim 1, wherein the insert is con-
structed from a material substantially harder than a
material of the tool.

The assembly of claim 1, wherein the insert is con-
structed from a carbide material.

The assembly of claim 1,
wherein the tool is an apparatus for use in a
wellbore, comprising:

a wellscreen assembly configured to permit the
flow of fluid therethrough while blocking the
flow of particulates; and

at least one shunt, disposed on the wellscreen
assembly,

wherein the wall is a wall of the shunt, and

wherein the insert at least partially lines the
hole and seats on the surface of the wall proximate
the hole, thereby restraining movement of the insert
relative to the shunt.

A nozzle assembly for use in a tool having a hole
through the wall of the tool, comprising:
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13.

14.

15.

16.

17.

18.

an insert having a bore therethrough, wherein
the insert is configured to mate with the tool so
that a center of the bore is held in substantial
alignment with a center of the hole.

The assembly of claim 12, wherein the insert com-
prises:

a first portion; and

a shoulder portion between the first portion and
a lip portion, wherein the shoulder portion is
configured to seat on a surface of the wall prox-
imate the hole.

The assembly of claim 13, wherein the lip portion is
configured to atleast partially line the hole and com-
prises a tapered portion that is configured to from
an interference fit with a surface of the wall defining
the hole.

The assembly of claim 13, further comprising a jack-
et having a bore therethrough and a recessed por-
tion for receiving the first portion of the insert.

The assembly of claim 12,
wherein the tool is an apparatus for use in a
wellbore, comprising:

a wellscreen assembly configured to permit the
flow of fluid therethrough while blocking the
flow of particulates; and

at least one shunt, disposed on the wellscreen
assembly,

wherein the wall is a wall of the shunt, and

wherein the insert mates with the tool so that
a center of the bore is held in substantial alignment
with a center of the hole.

A nozzle assembly for use in a tool having a hole
through a wall of the tool, comprising:

an insert configured to at least partially line the
hole,

wherein the insert is constructed from a ma-
terial substantially harder than the material of the
tool, and

wherein the insert has a bore therethrough
and is configured to mate with the tool so that a cent-
er of the bore is held in substantial alignment with
a center of the hole.

A an apparatus for use in a wellbore, comprising:
a wellscreen assembly configured to permit the

flow of fluid therethrough while blocking the
flow of particulates;
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at least one shunt disposed on the wellscreen
assembly and having a hole through a wall of
the shunt; and

anozzle assembly disposed on the shunt, com-
prising:

an insert constructed from a material sub-
stantially harder than a material of the
shunt, comprising:

a first portion; and
a shoulder portion between the first
portion and a lip portion,

wherein the shoulder portion seats on the sur-
face of the wall proximate the hole and the lip por-
tion substantially lines the hole.

A nozzle assembly for use in a tool having a hole
through a wall of the tool, comprising:

a bore therethrough; and

means for substantially lining the hole and for
mating with the tool so that a center of the bore
is held in substantial alignment with a center of
the hole.

A method for attaching a nozzle assembly to a tool,
comprising:

inserting an insert into a hole in a wall of the
tool until the insert seats on a surface of the wall
proximate the hole, thereby lining at least a por-
tion of the hole with the insert and restraining
movement of the insert relative to the tool.

The method of claim 20, further comprising:

disposing a jacket over an outer surface of the
insert and seating the jacket on the surface of
the wall proximate the hole; and

welding the jacket to the surface of the wall.

The method of claim 20, wherein the insert compris-
es a tapered portion and:

inserting an insert into a hole in a wall of the
tool until the insert seats on a surface of the wall
proximate the hole, thereby lining at least a por-
tion of the hole with the insert and restraining
movement of the insert relative to the tool, com-
prises

inserting an insert into a hole in a wall of
the tool until the insert seats on a surface of the
wall proximate the hole and the tapered portion
is press fit with a surface of the wall defining the
hole, thereby lining at least a portion of the hole
with the insert and restraining movement of the
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insert relative to the tool.

23. The method of claim 20, wherein the hole is not per-
pendicular to the surface of the wall proximate the
hole.
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