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DOWNHOLE TOOL FOR GRAVEL PACKING A WELLBORE

Background

[0001] In gravel packing operations, one or more screens are positioned in a wellbore, and a
gravel slurry is pumped into an annulus between the screens and the wellbore wall. The gravel
slurry includes a plurality of gravel particles dispersed in a carrier fluid. The carrier fluid separates
from the particles (i.e., dehydration) and flows through the screens and back up to the surface,
leaving the gravel particles packed in the annulus. When hydrocarbon fluid is produced from the
surrounding formation, the packed gravel particles may prevent sand in the hydrocarbon fluid from
flowing therethrough.

[0002] Currently, downhole tools featuring the combination of alternate path screens and inflow
control devices (“ICDs”) are used for gravel packing and production. However, one of the
challenges associated with the merger of these two technologies is managing the dehydration of
the gravel slurry. In gravel packing applications with alternate path screens, the gravel slurry flows
through shunt tubes once bridging has occurred in the annulus. The dehydration of the gravel
slurry is then achieved by having the carrier fluid flow through the screens and the ICDs, leaving
the gravel particles packed in the annulus.

[0003] While the ICDs are beneficial during production, the volumetric flow rate of the carrier
fluid through the ICDs during gravel packing may be insufficient to obtain reasonable pumping

times (e.g., low flow rates due to pressure limitation) for gravel packing an entire production zone.

Summary

[0004] This summary is provided to introduce a selection of concepts that are further described
below in the detailed description. This summary is not intended to identify key or essential features
of the claimed subject matter, is it intended to be used as an aid in limiting the scope of the claimed
subject matter.

[0005] A downhole tool includes a base pipe having an opening formed radially-therethrough.
The downhole tool also includes a valve positioned at least partially within the opening. The valve
includes a dissolvable insert and an impediment. The dissolvable insert prevents the impediment
from contacting a seat of the valve such that the valve permits fluid flow in both axial directions

through the valve. After the dissolvable insert dissolves, the impediment contacts the seat such
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that the valve permits fluid flow in one axial direction through the valve but prevents fluid flow in
the opposing axial direction through the valve.

[0006] In another embodiment, the downhole tool includes a first base pipe having a first
opening formed radially-therethrough. An inflow control device is positioned at least partially in
the first opening. A screen is coupled to the first base pipe and positioned radially-outward from
the first base pipe. A second base pipe is coupled to the first base pipe. The second base pipe has
a second opening formed radially-therethrough. A valve is positioned at least partially in the
second opening. The valve includes a dissolvable insert and an impediment. The dissolvable
insert prevents the impediment from contacting a seat of the valve such that the valve permits fluid
flow in both axial directions through the valve. After the dissolvable insert dissolves, the
impediment contacts the seat such that the valve permits fluid flow in one axial direction through
the valve but prevents fluid flow in the opposing axial direction through the valve.

[0007] A method for gravel packing a wellbore is also disclosed. The method includes running
a downhole tool into a wellbore. The downhole tool includes a base pipe having a first opening
and a second opening formed radially-therethrough. Aninflow control device is positioned at least
partially in the first opening, and a valve is positioned at least partially in the second opening. The
downhole tool also includes a screen positioned radially-outward from the first opening, the second
opening, or both. A gravel slurry is pumped into the wellbore. The gravel slurry includes particles
dispersed in a carrier fluid. The carrier fluid flows through the screen. A first portion of the carrier
fluid flows through the inflow control device, and a second portion of the carrier fluid flows
through the valve. After a dissolvable insert in the valve dissolves, an impediment in the valve

prevents fluid through the valve in one direction.

Brief Description of the Drawings

[0008] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present teachings and together with the description,
serve to explain the principles of the present teachings. In the figures:

[0009] Figure 1 illustrates a cross-sectional side view of a downhole tool, according to an
embodiment.

[0010] Figure 2 illustrates a cross-sectional side view of a portion of a return flow unit of the

downbhole tool, according to an embodiment.
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[0011] Figure 3 illustrates the cross-sectional side view of the return flow unit before a
dissolvable insert has dissolved, according to an embodiment.

[0012] Figure 4 illustrates the cross-sectional side view of the return flow unit after the
dissolvable insert has dissolved, according to an embodiment.

[0013] Figure 5 illustrates a cross-sectional side view of another downhole tool, according to an
embodiment.

[0014] Figure 6illustrates an enlarged portion of the downhole tool shown in Figure 5, according
to an embodiment.

[0015] Figure 7 illustrates a cross-sectional view taken through line 7-7 in Figure 5, according
to an embodiment.

[0016] Figure 8 illustrates a perspective view of a valve, according to an embodiment.

[0017] Figure 9 illustrates another perspective view of the valve shown in Figure 8, according
to an embodiment.

[0018] Figure 10 illustrates a cross-sectional side view of the valve shown in Figure 8, according
to an embodiment.

[0019] Figure 11 illustrates a cross-sectional side view of another valve, according to an
embodiment.

[0020] Figure 12 illustrates a cross-sectional view taken through line 12-12 in Figure 11,
according to an embodiment.

[0021] Figure 13 illustrates a flow chart of a method for gravel packing a wellbore using the

downhole tool disclosed herein, according to an embodiment.

Detailed Description

[0022] Reference will now be made in detail to embodiments, examples of which are illustrated
in the accompanying figures. In the following detailed description, numerous specific details are
set forth in order to provide a thorough understanding of the present disclosure. However, it will
be apparent to one of ordinary skill in the art that the system and method disclosed herein may be
practiced without these specific details.

[0023] Figure 1 illustrates a cross-sectional side view of a downhole tool 100, according to an
embodiment. The downhole tool 100 may be or include at least a portion of a completion assembly

that may be positioned in a wellbore in a subterranean formation. The downhole tool 100 may
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include a wash pipe 108. The downhole tool 100 may also include one or more completion
segments (three are shown: 110) that are positioned radially-outward from the wash pipe 108.
Each completion segment 110 may include a base pipe 112. The completion segments 110 (e.g.,
the base pipes 112 of the completion segments 110) may be coupled together using couplings 114.
Each base pipe 112 may have one or more openings 113 formed radially-therethrough. The
openings 113 may have inflow control devices (“ICDs”) 116 positioned at least partially therein
to balance inflow throughout the length of the downhole tool 100, restrict water and/or gas
production, or a combination thereof.

[0024] Each completion segment 110 may also include one or more screens 120. The screens
120 may be coupled to and positioned radially-outward from the base pipes 112. A drainage layer
122 may be formed between each base pipe 112 and corresponding screen 120. In at least one
embodiment, the drainage layers 122 may be placed in fluid communication with one another via
shunt tubes 124. For example, fluid may flow from the drainage layer 122 of one completion
segment 110, through a shunt tube 124, and into the drainage layer 122 of another completion
segment 110. The shunt tubes 124 may be positioned radially-outward from the base pipes 112
and/or the couplings 114.

[0025] The downhole tool 100 may also include a return flow unit 130. The return flow unit
130 may also be positioned radially-outward from the wash pipe 108. The return flow unit 130
may be coupled to one or more of the completion segments 110 (e.g., using a coupling 114). As
shown, the return flow unit 130 may be positioned axially-below one of the completion segments
110; however, in other embodiments, the return flow unit 130 may be positioned axially-above
one of the completion segments 110 or axially-between two completion segments 110.

[0026] The return flow unit 130 may include a base pipe 132. The base pipe 132 may also have
one or more openings 133 formed radially-therethrough. The base pipe 132 of the return flow unit
130 may have more openings 133 per unit length than the base pipes 112 of the completion
segments 110. The openings 133 in the base pipe 132 of the return flow unit 130 may have a
greater aggregate surface area than the openings 113 in of the base pipe(s) 112 of one or more of
the completion segments 110. As a result, when not obstructed, the openings 133 in the base pipe

132 may permit a greater volumetric flow rate therethrough than the openings 113 in the base

pipe(s) 112.
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[0027] Figure 2 illustrates a cross-sectional side view of a portion of the return flow unit 130,
according to an embodiment. The return flow unit 130 may include a housing 134 positioned
radially-outward from the base pipe 132. The housing 134 may be solid (i.e., have no openings
formed radially-therethrough). In at least one embodiment, fluid may be introduced into an
annulus 136 between the base pipe 132 and the housing 134 through one or more of the shunt tubes
124. Thus, the shunt tubes 124 may be configured to introduce fluid from one or more (e.g., three
as shown in Figure 1) completion segments 110 into the annulus 136 of the return flow unit 130.
[0028] One or more of the openings 133 in the base pipe 132 may have a valve 800 positioned
at least partially therein. Each valve 800 may include a dissolvable insert that dissolves when
placed in contact with a predetermined fluid for a predetermined amount of time. The
predetermined fluid may be or include an acid, oil, water, or the like. The predetermined amount
of time may be less than or equal to about 1 week, less than or equal to about 3 days, less than or
equal to about 1 day, less than or equal to about 12 hours, less than or equal to about 3 hours, or
less than or equal to about 1 hour.

[0029] Figure 3 illustrates a cross-sectional side view of the return flow unit 130 before the
dissolvable inserts in the valves 800 have dissolved, according to an embodiment. As shown by
the arrows, before the dissolvable inserts have dissolved, fluid in the annulus 136 between the base
pipe 132 and the housing 134 may flow radially-inward through the openings 133 and into another
annulus 138 between the wash pipe 108 and the base pipe 132.

[0030] Figure 4 illustrates a cross-sectional side view of the return flow unit 130 after the
dissolvable inserts in the valves 800 have dissolved, according to an embodiment. As shown by
the arrows, after the dissolvable inserts have dissolved, fluid in the annulus 136 between the base
pipe 132 and the housing 134 may be prevented from flowing through the openings 133 and into
the annulus 138 between the wash pipe 108 and the base pipe 132. After the dissolvable inserts
have dissolved, the valves 800 may function as check valves that permit fluid flow in a radially-
outward direction but prevent fluid flow in a radially-inward direction.

[0031] Figure S illustrates a cross-sectional side view of another downhole tool 500, and Figure
6 illustrates an enlarged portion of the downhole tool 500 shown in Figure 5, according to an
embodiment. The downhole tool 500 is similar to the downhole tool 100, and the same reference
numbers are used where applicable. For example, the downhole tool 500 may include a base pipe

112 having one or more openings 113 formed radially-therethrough. As shown, one or more of
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the openings 113 may have an ICD 116 positioned (e.g., threaded) at least partially therein, and
one or more of the openings 113 may have a valve 800 positioned (e.g., threaded) at least partially
therein. When the ICD(s) 116 and valves 800 are in the same base pipe 112, the return flow unit
130 and/or the shunt tubes 124 may be omitted. More of the openings 113 may have valves 800
positioned therein than ICDs 116. Atleast a portion of each of the valves 800 may extend radially-
outward from the base pipe 112 and into an annulus 152 formed radially-between the base pipe
112 and a surrounding housing 150. A gap 154 may exist radially-between the valves 800 and the
housing 150.

[0032] Figure 7 illustrates a cross-sectional view of the downhole tool 500 taken through line 7-
7 in Figure 5, according to an embodiment. The valves 800 may be circumferentially-offset from
one another around the base pipe 112. A plurality of axial rib wires 156 may also be positioned
circumferentially-around the base pipe 112. The rib wires 156 may be positioned radially-between
the base pipe 112 and the housing 150.

[0033] Figure 8 illustrates a perspective view of the valve 800, according to an embodiment.
The valve 800 may include a body 810 having a bore formed axially-therethrough. The body 810
may include a first (e.g., lower) portion 812 and a second (e.g., upper) portion 814. The first
portion 812 may be sized to fit within one of the openings 113 in the base pipe 112 or the openings
133 in the base pipe 132. The second portion 814 may be tapered. More particularly, a cross-
sectional length 816 of the second portion 814 may increase proceeding away from the first portion
812. The second portion 814 may also have one or more openings 818 formed radially-
therethrough. As mentioned above, the valve 800 may be a check valve. Thus, the valve 800 may
have an impediment 820 positioned at least partially therein. As shown, the impediment 820 may
be a ball.

[0034] Figure 9 illustrates another perspective view of the valve 800, according to an
embodiment. The dissolvable insert 830 may be positioned at least partially within the first (e.g.,
lower) portion 812 of the body 810. The dissolvable insert 830 may be substantially flat (e.g., a
plate). The dissolvable insert 830 may have one or more openings 832 formed axially-
therethrough.

[0035] Figure 10 illustrates a cross-sectional side view of the valve 800, according to an
embodiment. An inner surface of the body 810 may define a seat 822. As shown, the impediment

820 may initially be held away from (e.g., above) the seat 822 by the dissolvable insert 830. For
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example, the dissolvable insert 830 may be positioned below the seat 822 and include one or more
axial protrusions 834 that hold the impediment 820 away from (e.g., above) the seat 822. In
another embodiment, the dissolvable insert 830 may be positioned above the seat 822 and thus be
able to hold the impediment 820 away from (e.g., above) the seat 822. In this embodiment, the
protrusions 834 may be omitted.

[0036] When the impediment 830 is held away from the seat 822, fluid may flow through the
valve 800 in both axial directions. However, when the dissolvable insert 830 at least partially
dissolves, the impediment 820 may be configured to contact the seat 822. Thus, when the
dissolvable insert 830 at least partially dissolves, the valve 800 may function as a check valve by
allowing fluid to flow therethrough in one axial direction (e.g., radially-outward through the base
pipe 112, 132) but preventing fluid from flowing therethrough in the opposing axial direction (e.g.,
radially-inward through the base pipe 112, 132).

[0037] The dissolvable insert 830 may be held in place by one or more snap rings (two are
shown: 840). The dissolvable insert 830 may be positioned axially-between the two snap rings
840. The snap rings 840 may be positioned at least partially within circumferential recesses formed
in the inner surface of the body 810. In another embodiment, the snap rings 840 may be omitted,
and the dissolvable insert 830 may be positioned at least partially within a circumferential recess
formed in the inner surface of the body 810.

[0038] Figure 11 illustrates a cross-sectional side view of another valve 1100, and Figure 12
illustrates a cross-sectional view of the valve 1100 taken through line 12-12 in Figure 11, according
to an embodiment. The valve 1100 may be the same as the valve 800, or it may be different. The
valve 1100 may be used instead of, or in addition to, the valve 800. The valve 1100 may also
include a body 1110 having a bore formed axially-therethrough. An inner surface of the body
1110 may define a seat 1122. The dissolvable insert 1130 may be positioned within the body 1110
and above the seat 1122. As shown, the dissolvable insert 1130 may rest/sit on the seat 1122. The
dissolvable insert 1130 may have one or more arms 1136 that extend radially-inward therefrom.
The arms 1136 may be configured to hold the impediment 1120 away from the seat 1122. Between
the arms 1136, the dissolvable insert 1130 may have one or more openings 1132 formed axially-
therethrough.

[0039] A retaining plate 1140 may also be positioned within the body 1110. The impediment
1120 may be positioned axially-between the dissolvable insert 1130 and the retaining plate 1140.
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The retaining plate 1140 may have one or more arms 1146 that extend radially-inward therefrom.
The arms 1146 may be configured to hold the impediment 1120 within the valve 1100. Between
the arms 1146, the retaining plate 1140 may have one or more openings 1142 formed axially-
therethrough. Thus, fluid may flow through the valve 1100 in both axial directions prior to the
dissolvable insert 1130 dissolving. However, after the dissolvable insert 1130 at least partially
dissolves, the valve 1100 may function as a check valve by allowing fluid to flow therethrough in
one axial direction but preventing fluid from flowing therethrough in the opposing axial direction.
[0040] Figure 13 illustrates a flow chart of a method 1300 for gravel packing a wellbore,
according to an embodiment. The method 1300 may include running the downhole tool 100, 500
into the wellbore, as at 1302. The method 1300 may also include pumping a gravel slurry into the
wellbore, as at 1304. The gravel slurry may include gravel particles dispersed in a carrier fluid.
The carrier fluid may flow radially-inward through the screens 120 while the gravel particles
remain positioned radially-between the screens 120 and the wall of the wellbore. A portion of the
carrier fluid may flow through the ICDs 116 in the base pipe 112 and into the annulus 138 between
the wash pipe 108 and the base pipe 112. Another (e.g., greater) portion of the carrier fluid may
flow through the valves 800, 1100. As shown in Figure 1, in one embodiment, the carrier fluid
may flow through the shunt tubes 124 and into the return flow unit 130, where the carrier fluid
may flow through the valves 800, 1100. As shown in Figure 5, in another embodiment, the carrier
fluid may flow through the valves 800, 1100 that are in the same base pipe 112 as the ICD(s) 116.
[0041] In at least one embodiment, the dissolvable inserts 830, 1130 may dissolve after a
predetermined amount of time in contact with fluids in the wellbore (e.g., oil or water). In another
embodiment, the dissolvable inserts 830, 1130 may dissolve after a predetermined amount of time
in contact with the gravel slurry. In yet another embodiment, after the gravel slurry has been
pumped, the method 1300 may include pumping a fluid (e.g., an acid) into the wellbore to cause
the dissolvable inserts 830, 1130 to dissolve, as at 1306. The fluid pumped into the wellbore may
flow through the ICDs 116 and the valves 800 in the same manner as the carrier fluid. As discussed
above, once the dissolvable inserts 830, 1130 dissolve, the valves 800, 1100 may become check
valves that prevent fluid from flowing radially-inward therefrom.

[0042] As will be appreciated, both the ICDs 116 and the valves 800, 1100 may allow fluid to
flow radially-inward therethrough during the gravel packing operation, but once the wellbore starts

producing, the hydrocarbons may flow through the ICDs 116 but not the valves 800, 1100.
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[0043] As used herein, the terms “inner” and “outer”; “up” and “down”; “upper” and “lower”;
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“upward” and “downward”; “above” and “below”; “inward” and “outward”; and other like terms

as used herein refer to relative positions to one another and are not intended to denote a particular

29 (13 29 (13

direction or spatial orientation. The terms “couple,” “coupled,” “connect,” “connection,”
“connected,” “in connection with,” and “connecting” refer to “in direct connection with” or “in
connection with via one or more intermediate elements or members.”

[0044] The foregoing description, for purpose of explanation, has been described with reference
to specific embodiments. However, the illustrative discussions above are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings. Moreover, the order in which the elements
of the methods described herein are illustrate and described may be re-arranged, and/or two or
more elements may occur simultaneously. The embodiments were chosen and described in order
to best explain the principals of the invention and its practical applications, to thereby enable others

skilled in the art to best utilize the invention and various embodiments with various modifications

as are suited to the particular use contemplated.
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CLAIMS

What is claimed is:

1. A downbhole tool, comprising:

a base pipe having a first opening formed radially-therethrough; and

a valve positioned at least partially within the first opening, wherein the valve comprises a
dissolvable insert and an impediment, wherein the dissolvable insert prevents the impediment from
contacting a seat of the valve such that the valve permits fluid flow in both axial directions through
the valve, and wherein, after the dissolvable insert dissolves, the impediment is configured to
contact the seat such that the valve permits fluid flow in one axial direction through the valve but

prevents fluid flow in the opposing axial direction through the valve.

2. The downhole tool of claim 1, wherein the valve comprises a first portion having a
substantially constant cross-sectional length, and a second portion having a cross-sectional length

that increases proceeding away from the first portion.

3. The downhole tool of claim 2, wherein the second portion has an opening formed radially-
therethrough.
4. The downhole tool of claim 1, wherein the dissolvable insert has one or more openings

formed axially-therethrough.

5. The downhole tool of claim 4, wherein the dissolvable insert is positioned between the seat

and the impediment.

6. The downhole tool of claim 4, wherein the seat is positioned between the dissolvable insert
and the impediment, and wherein the dissolvable insert comprises an axial protrusion that contacts

the impediment and prevents the impediment from contacting the seat.

7. The downhole tool of claim 6, wherein an inner surface of the valve defines first and

second recesses that are axially-offset from one another, wherein a first ring is positioned at least

10
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partially within the first recess, wherein a second ring is positioned at least partially within the
second recess, and wherein the dissolvable insert is positioned axially between the first and second

rings.

8. The downhole tool of claim 1, wherein the base pipe has a second opening formed radially-
therethrough, and wherein an inflow control device is positioned at least partially within the second

opening.

9. The downhole tool of claim 8, further comprising a housing positioned radially-outward

from the base pipe.

10. The downhole tool of claim 9, wherein a portion of the valve extends radially-outward
from the base pipe and toward the housing, and wherein a gap exists between the valve and the

housing.

11. A downbhole tool, comprising:

a first base pipe having one or more first openings formed radially-therethrough;

an inflow control device positioned at least partially in each of the first openings;

a screen coupled to the first base pipe and positioned radially-outward from the first base
pipe;

a second base pipe coupled to the first base pipe, the second base pipe having one or more
second openings formed radially-therethrough; and

a valve positioned at least partially in each of the second openings, wherein the valve
comprises a dissolvable insert and an impediment, wherein the dissolvable insert prevents the
impediment from contacting a seat of the valve such that the valve permits fluid flow in both axial
directions through the valve, and wherein, after the dissolvable insert dissolves, the impediment is
configured to contact the seat such that the valve permits fluid flow in one axial direction through

the valve but prevents fluid flow in the opposing axial direction through the valve.

12. The downhole tool of claim 11, further comprising:

a housing positioned radially-outward from the second base pipe; and

11
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a shunt tube that places a first annulus formed between the first base pipe and the screen in

fluid communication with a second annulus formed between the second base pipe and the housing.

13. The downhole tool of claim 12, wherein the housing does not have openings formed

radially-therethrough.

14. The downhole tool of claim 12, wherein a portion of the valve extends radially-outward
from the second base pipe and toward the housing, and wherein a gap exists between the valve and

the housing.

15. The downhole tool of claim 11, wherein the one or more second openings have a greater

aggregate surface area than the one or more first openings.

16. The downhole tool of claim 11, wherein the valves comprise a first portion having a
substantially constant cross-sectional length, and a second portion having a cross-sectional length
that increases proceeding away from the first portion, and wherein the second portion has an

opening formed radially-therethrough.

17. The downhole tool of claim 11, wherein the dissolvable insert has one or more openings
formed axially-therethrough, wherein the seat is positioned between the dissolvable insert and the
impediment, and wherein the dissolvable insert comprises an axial protrusion that contacts the

impediment and prevents the impediment from contacting the seat.

18. A method for gravel packing a wellbore, comprising:
running a downhole tool into a wellbore, wherein the downhole tool comprises:

a base pipe having a first opening and a second opening formed radially-
therethrough, wherein an inflow control device is positioned at least partially in the first
opening, and wherein a valve is positioned at least partially in the second opening; and

a screen positioned radially-outward from the first opening, the second opening, or

both; and

12
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pumping a gravel slurry into the wellbore, wherein the gravel slurry comprises particles
dispersed in a carrier fluid, wherein the carrier fluid flows through the screen, wherein a first
portion of the carrier fluid flows through the inflow control device and a second portion of the
carrier fluid flows through the valve, and wherein, after a dissolvable insert in the valve dissolves,

an impediment in the valve is configured to prevent fluid through the valve in one direction.

19. The method of claim 18, further comprising pumping a fluid into the wellbore after
pumping the gravel slurry into the wellbore, wherein the dissolvable insert dissolves after being in

contact with the fluid for a predetermined amount of time that is less than 1 day.
20. The method of claim 18, wherein the second portion of the carrier fluid flows through a

shunt tube prior to reaching the valve, and wherein the second portion of the carrier fluid is greater

than the first portion of the carrier fluid.
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