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FLOW CONTROL IN A WELL BORE

REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of priority to U.S. Patent Application No.

12/123,682 filed on May 20, 2008, the entire contents of which are incorporated herein.

BACKGROUND

The present disclosure relates to well systems, and more particularly to controlling

flow in well systems.

It is often desirable to control fluid flow into the completion string of a well system,

for example, to balance inflow of fluids along the length of the well. For instance, some

horizontal wells have issues with the heel-toe effect, where gas or water cones in the heel of

the well and causes a difference in fluid influx along the length of the well. The differences

in fluid influx can lead to premature gas or water break through, significantly reducing the

production from the reservoir. Inflow control devices (ICD) can be positioned in the

completion string at heel of the well to stimulate inflow at the toe and balance fluid inflow

along the length of the well. In another example, different zones of the formation accessed

by the well can produce at different rates. ICDs can be placed in the completion string to

reduce production from high producing zones, and thus stimulate production from low or

non-producing zones. Finally, ICDs can be used in other circumstances to balance or

otherwise control fluid inflow.

SUMMARY

In a general aspect, a flow control device is changeable from a first state to a second

state, and a control unit is coupled to the flow control device to change the flow control

device between the first and second states.

In one aspect, a system for installation in a well bore includes the flow control device

and the control unit coupled to the flow control device. The flow control device is

changeable from a first state to a second state. The first state corresponds to a first mode of

fluid communication between an interior of a tubular conduit of a completion string and an

annulus between the tubular conduit and a wall of the well bore. The second state

corresponds to a second, different mode of fluid communication between the interior of the

tubular conduit and the annulus. The control unit is coupled to the flow control device to

change the flow control device between the first and second states. The control unit is

actuated to change the flow control device in response to pressure in the well bore.

In one aspect, a method of reconfiguring production inflow comprises producing

fluids from an annulus about a completion string through a sand screen and into an interior of



the completion string via a flow path, and the flow path is reconfigured in response to a

hydraulic signal.

In one aspect, pressure is applied in a wellbore. In response to the applied pressure, a

state of the flow control device in a completion string installed in the wellbore is changed

from a first state to a second state. The first state corresponds to a first mode of fluid

communication between an interior of the tubular conduit and the annulus between the

tubular conduit and a wall of the well bore. The second state corresponds to a second,

different mode of fluid communication between the interior of the tubular conduit and the

annulus.

One or more embodiments may include one or more of the following features, alone

or in combination. The control unit is actuated to change the flow control device in response

to pressure in the tubular conduit exceeding a specified pressure. The control unit is actuated

to change the flow control device in response to pressure in the tubular conduit below a

specified pressure. The control unit includes a hydraulic chamber in communication with the

interior of the tubular conduit. The control unit includes a piston in communication with the

hydraulic chamber and coupled to the flow control device. Pressure in the hydraulic chamber

moves the piston and moving the piston changes the flow control device from the first state to

the second state. Rupturing of a rupture disk between the hydraulic chamber and the interior

of the tubular conduit allows fluid from the interior of tubular conduit into the hydrostatic

chamber when the pressure in the tubular conduit exceeds the specified pressure. The first

state of the flow control device allows fluid from the annulus to flow along a first flow path

of the flow control device into the tubular conduit. The first state of the flow control device

allows fluid from the tubular conduit to flow along a first flow path of the flow control device

into the annulus. The second state of the flow control device allows fluid from the annulus to

flow along a second flow path into the tubular conduit. The second flow path is less flow

restrictive than the first flow path. The second flow path is more flow restrictive than the first

flow path. The first state of the flow control device prevents fluid flow from the annulus into

the tubular conduit and the second state of the flow control device allows fluid flow from the

annulus into the tubular conduit. An additional flow control device is changeable between a

plurality of states and provides one or more flow paths between the annulus and the interior

of the tubular conduit. The control unit is coupled to the additional flow control device to

change the additional flow control device between the states in response to pressure in the

tubular conduit exceeding a specified pressure. In some cases, a second flow control device

and a second control unit are included. The second control unit is coupled to the second flow



control device to change the second flow control device between a first and a second state.

The second control unit is actuated to change the second flow control device in response to

pressure in the tubular conduit exceeding a second specified pressure that is higher than the

first mentioned specified pressure. In some cases, the control unit resides below a packer of

the completion string. The flow control device includes a sand screen. The sand screen filters

particulates in the annulus from entering the tubular conduit. The flow control device

includes a check valve. The check valve allows fluid to flow from the annulus into the

tubular conduit and prevents a flow of fluid from the tubular conduit into the annulus.

Changing the state of the flow control device includes communicating a volume of fluid to

the flow control device. Changing the state of the flow control device is prevented prior to

rupturing a rupture disk, and the rupture disk is configured to rupture in response to the

specified pressure. The first state of the flow control device seals against flow of fluid

through the flow control device between the interior of the tubular conduit and the annulus.

A second pressure is applied in an interior of the tubular conduit of the completion string.

The second pressure exceeds a second specified pressure that is higher than the first specified

pressure. A state of a second flow control device in the completion string is changed from a

first state to a second state when the pressure in the interior of the tubular conduit exceeds the

second specified pressure. The flow path is reconfigured without well intervention.

The details of one or more embodiments of the invention are set forth in the accompa-

nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a well system in accordance with some aspects of the

present disclosure.

FIGS. 2A and 2B are diagrams illustrating a flow control device in accordance with

some aspects of the present disclosure.

FIGS. 3A and 3B are diagrams illustrating a flow control device in accordance with

some aspects of the present disclosure.

FIGS. 4A and 4B are diagrams illustrating a control unit in accordance with some

aspects of the present disclosure.

FIGS. 5A and 5B are diagrams illustrating flow control systems in accordance with

some aspects of the present disclosure.

FIG. 6 is a diagram illustrating a flow control device in accordance with some aspects

of the present disclosure.
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FIGS. 7A, 7B and 7C are diagrams illustrating flow control systems in accordance

with some aspects of the present disclosure.

FIG. 8 is a flow chart illustrating a process for controlling fluid flow in a well system

in accordance with some aspects of the present disclosure.

FIG. 9 is a diagram illustrating a flow control device in accordance with some aspects

of the present disclosure.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

The ability to reconfigure components of a well system without well intervention may

simplify and/or reduce the cost of producing resources from the well system. For example, it

may be desirable, in some circumstances, to change the rate of fluid flow into one or more

sections of a completion string of a well system by opening, closing, or otherwise

reconfiguring flow paths between the interior of the completion string and an annulus region

(i.e. the region between the completion string and the wall of a well bore). Reconfiguring

flow paths by well intervention may require the use of expensive equipment and the

consumption of valuable resources (e.g. time and money).

According to the present disclosure, a flow control system reconfigures components

of a well system reducing or eliminating the need for well intervention. In some instances, the

flow control system may be used to improve the production performance of the well system

and/or reduce costs associated with reconfiguring (e.g. opening, closing, and/or otherwise

modifying) flow paths into the completion string of the well system. In particular, some

configurations of the flow control system of the present disclosure may be used, for example,

to open or close bypass valves, to open or close inflow control devices (ICDs), or to modify

flow rates through ICDs. In some instances, changes to the flow control system may be

implemented without the use of control lines extending up to the well head.

Various embodiments of the concepts disclosed herein may be utilized in various

orientations and in various configurations. Example orientations include inclined, inverted,

horizontal, vertical, and others. The concepts of this patent application are not limited to any

of the example embodiments disclosed herein.

Directional terms are used to describe the example embodiments. Example

directional terms include "above," "below," "upper," "lower," and others. The terms

"above," "upper," and "upward" may refer to a direction toward the earth's surface along a

well bore. The terms "below," "lower," and "downward" may refer to a direction away from

the earth's surface along a well bore.



FIG. 1 is a diagram illustrating an example well system 100. At a high level, the well

system 100 includes a completion string 102 and one or more production packers 104 (three

shown) installed in a well bore 106. The completion string 102 is an assembly of equipment

that includes a tubular conduit and extends through all or a portion of the well bore 106. The

completion string 102 may be separate from or anchored to a casing 105 of the well bore 106.

The completion string 102 is permanently or semi-permanently installed in the well bore 106,

and is the primary equipment used to produce the well over its expected life. The packers

104 seal or substantially seal against passage of fluids between a wall of the well bore 106

and the completion string 102, and thus isolate portions of the well bore 106 from other

portions of the well bore 106. FIG. 1 shows a completion string 102 having a flow control

system with one control unit 108 and one flow control device 112. The control unit 108 is

communicably connected to the flow control device 112 by a control line 110. In certain

instances, the flow control system can include more than one control unit 108 and/or more

than one flow control device 112. In certain instances, one control unit 108 can be

communicably connected to multiple flow control devices 112.

The flow control device 112 may be a device that provides one or more flow paths

between the interior region 116 of the completion string 102 and the annulus 114 between the

completion string 102 and the wall of the well bore 106. The flow control device 112 may be

changeable between a plurality of states, where each state corresponds to a mode of fluid

communication between the interior region 116 and the annulus 114. In some examples, a

state of the flow control device 112 corresponds to one or more particular flow paths through

the flow control device 112 being open, one or more particular flow paths through the flow

control device 112 being closed and/or one or more particular flow paths through the flow

control device 112 being restricted (i.e. allowing less flow than when open). The control unit

108 may be used to change the flow control device 112 from one of the plurality of states to a

different one of the plurality of states. The control unit 108 and the flow control device 112

may communicate over the control line 110. The control line 110 may, for example, be a

hydraulic control line that communicates fluid between the control unit 108 and the flow

control device 112 in order to change the state of the flow control device 112. FIGS. 2A, 2B,

3A, 3B, and 6 are diagrams illustrating example flow control devices 112 in accordance with

some aspects of the present disclosure. The flow control device 112 is not limited to any of

the particular features or arrangement of features included in the illustrated examples.

In some cases, a particular state of the flow control device allows fluid from the

annulus 114 to flow along a flow path of the flow control device into the tubular conduit. In



some cases, a particular state of the flow control device allows fluid from the tubular conduit

to flow along a flow path of the flow control device into the annulus 114.

As shown in FIG. 1, the control unit 108 and the flow control device 112 may be

implemented in separate housings, at different positions along the completion string 102.

Alternately, the control unit 108 and the flow control device 112 may be integrated in a single

shared housing.

Control units 108 and/or flow control devices 112 may be positioned in isolated

portions of the well bore 106 and/or in continuous portions of the well bore 106 (i.e. portions

that are not isolated by production packers 104). A control unit 108 positioned in an isolated

portion of the well bore 106 may communicate with one or more flow control devices 112

positioned in the same isolated portion (as illustrated in FIG. 1) or another isolated portion of

the well bore 106. In some instances, a control unit 108 can communicate with multiple flow

control devices 112 in different isolated portions of the well bore 106.

In some implementations, the flow control device 112 may be in a first state when

installed in the well system 100, and subsequently changed to a second, different state. The

first and the second state may each correspond to a different mode of fluid communication

between the interior region 116 and the annulus 114. For example, after installing the flow

control device 112, the well system 100 may produce resources for a period of time with the

flow control device 112 being in the first state. For example, the first state of the flow control

device may correspond to a restricted flow path of an ICD in the flow control device 112

being open. After a period of time (e.g. 1 to 5 years), the composition of resources produced

by the well system 100 may begin to change (e.g. the well system 100 may begin to produce

significant amounts of water after three years of production), and it may be desirable to

produce the well system 100 to completion by allowing inflow through a less restrictive

bypass valve rather than through a restricted flow path. In the example, the control units 108

may be used to change the state of the flow control device 112 to a second state, where the

second state corresponds to a bypass valve in the flow control device 112 being open.

FIGS. 4A and 4B are diagrams illustrating a control unit 108 in accordance with some

aspects of the present disclosure. The control unit 108 is not limited to any of the particular

features or arrangement of features included in the illustrated example. In some

implementations, when a rupture disk 404 of the control unit 108 is ruptured, the flow of fluid

from the interior region 116 of the completion string 102 into a hydrostatic chamber 402 of

the control unit 108 causes hydraulic fluid 220 from a hydraulic chamber 410 to be

communicated to the flow control device 112, for example through the control line 110. The



hydraulic fluid 220 communicated into the flow control device 112 may change the flow

control device 112 from one of the plurality of states to a different one of the plurality of

states, for example by changing the position of a control valve. The rupture disk 404 may be

configured to rupture when the pressure across the rupture disk 404 exceeds a specified

threshold value.

In some implementations, one or more control units may be installed in the well

system 100 with the rupture disks 404 intact, blocking flow from the interior region 116 of

the completion string 102 into the hydrostatic chamber 402 of the control unit 108, and the

well system 100 may produce resources for a period of time with the rupture disks 404 intact.

After the period of time, it may be desirable to change the state of one or more flow control

devices 112, and pressure may be applied to fluids in the interior region 116 of the

completion string 102. When the applied pressure exceeds the specified threshold value, the

rupture disk may rupture, which may cause hydraulic fluid 220 to be communicated to the

flow control device 112, which may change the state of the flow control device 112.

A flow control system may include a collection of control units 108, control lines 110,

and flow control devices 112. FIGS. 5A, 5B, 7A, 7B, and 7C illustrate exemplary flow

control systems in accordance with some aspects of the present disclosure. In some

implementations a single control unit 108 may communicate with multiple flow control

devices 112. For example, a single control unit 108 may be used to change the state of

multiple flow control devices 112. In some implementations, multiple control units 108 may

communicate with a single flow control device 112. For example, a first control unit 108

may be used to change the flow control device 112 from a first state to a second state, and a

second control unit 108 may be used to change the flow control device 112 to yet another

state or back to the first state. In a configuration with multiple control units 108, one or more

of the different control units 108 may have rupture disks of different specified rupture

pressures. Thus, as is discussed in more detail below, the control units 108 can be separately

controlled by controlling the pressure in the interior region 116 of the completion string 102.

Returning now to FIG. 1, the well system 100 includes a horizontally oriented well

bore 106. However, the illustrated well system 100 is only a representative example of one

well system in which the principles of the present disclosure may be beneficially utilized.

The principles of the present disclosure may be implemented in well bores of various

configurations and orientations (e.g. inclined, inverted, horizontal, vertical, etc.). Indeed, with

regard to all figures, the illustrated implementations are merely representative examples of



useful applications of the principles of the present disclosure, and the principles of the present

disclosure are not limited to any specific details of the illustrated implementations.

The well bore 106 may be cased or open-hole. In some implementations, gravel

packs may be provided about any or all of the flow control devices 112. A variety of

additional well equipment (such as valves, sensors, pumps, control and actuation devices,

etc.) may also be provided in the well system 100. The well bore 106 may be used to extract

resources (e.g. oil, water, natural gas, or other resource) from a subterranean formation, such

as a petroleum-bearing formation (e.g. sandstone, Austin chalk, or other type of formation).

Referring to FIG. 2A, the illustrated example flow control device 112 includes a

control valve chamber 202 and a control valve gate 204. In FIG. 2A, the control valve gate

204 is illustrated in a first position in the control valve chamber 202. In FIG 2B, the control

valve gate 204 is illustrated in a second position in the control valve chamber 202. When the

control valve gate 204 is in the first gate position, fluid may flow from the annulus 114 to the

interior region 116. When the control valve gate 204 is in the second gate position, the gate

204 may prevent fluid flow between the interior region 116 and the annulus 114.

While the illustrations are described with regard to a first gate position and a second

gate position, the control valve gate 204, in general, may be in any position in the control

valve chamber 202. The first gate position refers to any position of the control valve gate 204

that allows fluid to flow between the control valve chamber 202 and the interior region 116

through a port 212. The second gate position refers to any position of the control valve gate

204 that substantially impedes fluid flow through the port 212. In some implementations, the

first position may be the position of the gate 204 when the flow control device 112 is first

installed in the well system 100. The first gate position may correspond to a first state of the

flow control device 112. The second gate position may correspond to a second state of the

flow control device 112. The gate 204 may be moved to the second gate position, for

example, by hydraulic fluid communicated from the control line 110 into the control valve

chamber 202 at some time after the flow control device 112 has been installed in the well

system 100.

The illustrated flow control device 112 also includes a check valve 206 that may allow

fluid to flow from the annulus 114 to the interior region 116 when the control valve gate 204

is in the first gate position. The check valve 206 may prevent fluid flow from the interior

region 116 into the annulus 114. The check valve 206 includes a stopper 207. A sand screen

208 in the flow path between the annulus 114 and the check valve 206 prevents particulates

(e.g. sand and/or rock) from entering the interior region 116 from the annulus 114. The sand



screen 208 may be any type of filtration device, such as a wire or mesh sand screen,

perforated or slotted tubing, and/or other filtration device.

An inflow control device (ICD) 210 positioned in the flow path between the check

valve 206 and control valve chamber 202 may control the rate of fluid flow from the annulus

114 into the interior region 116. The ICD 210 may be any annular device that controls a flow

rate through the device for a given pressure across the device. For example, the ICD 210

may be a tube, nozzle, orifice, helical channel or any other type of inflow control device.

The port 212 provides a flow path between the control valve chamber 202 and the interior

region 116.

The arrows 214 illustrate a flow path between the annulus 114 and the interior region

116. When the control valve gate 204 is in the first gate position, fluids (e.g. oil, water,

natural gas, and/or others) may flow from the annulus 114 through the sand screen 208,

through the check valve 206, through the ICD 210, through the control valve chamber 202,

through the port 212, and into the interior region 116. However, the check valve 206 may

prevent fluid from traversing the inverse path (i.e. from the interior region 116 into the

annulus 114). For example, the check valve may allow fluid to flow from the annulus 114

into the tubular conduit and reduce (or prevent) a flow of fluid from the tubular conduit into

the annulus 114.

The control line 110 may be in fluid communication with the control valve chamber

202. The control line 110 may contain hydraulic fluid 220. When hydraulic fluid 220 is

communicated into the control valve chamber 202, the control valve gate 204 may move to a

different position in the control valve chamber 202. The hydraulic fluid 220 may be

communicated from the control line 110, for example, due to the communication of hydraulic

fluid into the control line 110 from the control unit 108 (of FIG. 1). The control valve gate

204 includes seals 205 which may prevent hydraulic fluid 220 from substantially leaking past

the control valve gate 204.

When a sufficient amount of hydraulic fluid 220 is communicated into the control

valve chamber 202, the control valve gate 204 may be moved to the second gate position.

FIG. 2B illustrates the control valve gate 202 in the second gate position, blocking flow

through the port 212, and a portion of the control valve chamber 202 is filled with hydraulic

fluid 220. The flow control device 112 of FIGS. 2A and 2B may, in some implementations,

provide an ICD 210 (e.g. which may be used to produce resources at a certain flow rate for

some amount of time) that can be closed without well intervention, for example, using the

control unit 108.



FIG. 3A illustrates a portion of the flow control device 112 in accordance with some

aspects of the present disclosure. The flow control device 112 illustrated in FIG. 3A includes

the control valve chamber 202, a control valve gate 302, and the port 212. The flow control

device 112 also includes the control line 110 in fluid communication with the control valve

chamber 202. The illustrated control valve gate 302 includes a port 304. The flow control

device 112 of FIG. 3A may include any or all of the other features of the flow control device

112 illustrated in FIG. 2A. The flow control device 112 of FIG. 3A may also include

additional features not illustrated in FIG 2A. For example, a flow control device 112 need

not include features such as a sand screen, an ICD, or a check valve; a flow control device

112 may include additional chambers, sensors, valves, screws, pins, seals, ports, and other

features that are not illustrated in the figures.

The control valve gate 302 of FIG. 3A is different from the control valve gate 204 of

FIG. 2A. In particular, the control valve gate 302 in a first gate position (as illustrated in FIG.

3A) prevents fluid flow through the port 212. When the gate 302 is in a second gate position

(as illustrated in FIG. 3B), the gate 302 allows fluid flow between the interior region 116 and

the control valve chamber 202 through the ports 212 and 304. In some implementations, the

first position may be the position of the gate 302 when the flow control device 112 is first

installed in the well system 100. The first gate position may correspond to a first state of the

flow control device 112. The second gate position may correspond to a second state of the

flow control device 112. The gate 304 may be moved to the second gate position, for

example, by the control unit 108 after the flow control device 112 has been installed in the

well system 100.

When a sufficient amount of hydraulic fluid 220 is communicated into the control

valve chamber 202, the control valve gate 302 may be moved to the second gate position.

FIG. 3B illustrates the control valve gate 302 in the second gate position, allowing flow

through the ports 212 and 304, and a portion of the control valve chamber 202 is filled with

hydraulic fluid 220. The flow control device 112 of FIGS. 3A and 3B may, in some

implementations, provide an bypass valve or an ICD that can be opened without well

intervention (e.g. using the control unit 108) after installation in the well system 100.

FIG. 9 illustrates a portion of the flow control device 112 in accordance with some

aspects of the present disclosure. The flow control device 112 illustrated in FIG. 9 includes

the control valve chamber 202, a control valve gate 302, the port 212, and an ICD 210a. The

flow control device 112 also includes the control line 110 in fluid communication with the

control valve chamber 202. The illustrated control valve gate 302 includes an ICD 210b.



The control valve gate 302 in a first gate position (as illustrated in FIG. 9) allows fluid flow

through the port 212 and the ICD 210a at a rate determined at least partially by the

specifications of the ICD 210a. In a second gate position (not illustrated), when the gate 302

abuts the ICD 210a, the gate 302 allows fluid flow through port 212, the ICD 210b, and the

ICD 210a at a rate determined at least partially by the specifications of the ICD 210a and/or

the specifications of the ICD 210b. In some implementations, changing the state of the device

112 changes a flow rate through the device 112. For example, the second state of the flow

control device 112 may allow fluid to flow along a first flow path, and the second state of the

flow control device 112 may allow fluid to flow along a second flow path. In some cases the

first flow path is more flow restrictive than the second flow path. In other cases the first flow

path is less flow restrictive than the second flow path. The ICD 210a may include the same,

different, additional, or fewer features with respect to the ICD 210b.

FIG 4A illustrates a control unit 108 in accordance with some aspects of the present

disclosure. The control unit 108 includes a piston 406. The piston 406 may be in a first

piston position or a second piston position. The piston 406 is illustrated in the first and

second piston positions in FIGS. 4A and 4B, respectively. The piston 406 may be installed in

multiple sections. The piston 406 (or each section of the piston 406) may be held in the first

piston position by a shear pin 414 and/or a shear screw 416. Generally, a control unit 108

may include additional features not illustrated in the figures, or a control unit 108 may

exclude some of the features illustrated in the figures. For example, a control unit 108 may

include additional chambers, sensors, valves, screws, pins, seals, ports, and other features that

are not illustrated in the figures. In addition, a control unit 108 may include some or all of

the features in any arrangement suitable for changing the state of a flow control device 112.

A hydraulic fluid chamber 410 is illustrated in fluid communication with the control

line 110 through a hydraulic channel 412. When the piston 406 moves from the first piston

position to the second piston position, hydraulic fluid 220 may be communicated into the

control line 110. Consequently, the volume of fluid may be communicated to the flow

control device 112. The volume of fluid may be sufficient to change the state of the flow

control device 112, for example by displacing the control valve gate 204 of FIG. 2A (or the

control valve gate 302 of FIG. 3A) from the first gate position to the second gate position.

The control unit 108 illustrated in FIG. 4A includes a hydrostatic chamber 402. A port

418 may provide a flow path between the interior region 116 and the hydrostatic chamber

402. In some implementations, the flow of a volume of fluid (e.g. a volume of fluid greater

than the volume of the hydrostatic chamber 410) from the interior region 116 into the



hydrostatic chamber 402 displaces the piston 406 from the first piston position to the second

piston position. The rupture disk 404 may prevent fluid from flowing through the port 418.

In some implementations, when the rupture disk 404 is intact, the hydrostatic chamber 402

may be at an atmospheric pressure (e.g. 15 psi), and the pressure in the interior region 116

may significantly exceed the atmospheric pressure (e.g. 500 psi), such that the differential

pressure across the rupture disk 404 is essentially the absolute pressure of the interior region

116.

The rupture disk 404 may be ruptured, for example, when the pressure of fluids in the

interior region 116 of the completion string 102 exceeds a certain threshold pressure. After

the rupture disk 404 has ruptured, fluid may flow from the interior region 116 into the

hydrostatic chamber 402. The flow of fluid in to the hydrostatic chamber 402 may displace

the piston 406 from the first piston position to the second piston position. The displacement

of the piston 406 from the first piston position to the second piston position may

communicate fluid from the hydraulic chamber 410 through the hydraulic channel 412, into

the control line 110. FIG 4B illustrates the control unit 108 of FIG. 4A with the piston 406 in

the second piston position, for example, after the rupture disk 404 (not illustrated in FIG. 4B)

has ruptured.

In some implementations, the control unit 108 is actuated to change the flow control

device 112 (e.g., from a first state to a second state) in response to pressure in the well bore

106. The pressure in the well bore 106 that actuates the control unit 108 can be a high

pressure, a low pressure, a pressure cycle, a pressure spike, a pressure plateau, a pressure

differential across a boundary, or another type of pressure of fluid in the well bore 106. For

example, the control unit 108 may be actuated to change the flow control device 112 in

response to pressure in the tubular conduit exceeding a specified pressure. In another

example, the control unit 108 is actuated to change the flow control device 112 in response to

pressure in the tubular conduit being less than a specified pressure. The illustrated example

control unit 108 in FIG. 4A is actuated when the differential pressure in the interior region

116, as compared to the pressure in the chamber 402, exceeds a specified pressure. A person

of ordinary skill in the art will understand how to modify the example control unit 108 to be

actuated by different types of pressures in the well bore 106. For example, in FIG. 4A, the

chamber 402 could be a high pressure chamber, and the control unit 108 could be actuated

when the differential pressure in the interior region 116, as compared to the pressure in the

chamber 402, is less than a specified value.



The control unit 108 illustrated in FIGS. 4A and 4B may be used to change the state

of one or more flow control devices 112, for example, those illustrated in FIGS. 2A, 2B, 3A,

3B, and 6 . The control unit 108 may be installed below a production packer 104 of the well

system 100, and the rupture disk 404 may be ruptured without well intervention. The control

unit 108 may be installed and operated without the use of control lines extending to the

ground surface.

FIG 5A illustrates a plurality of control units 108a, 108b, and 108c in fluid

communication with a common control line 110. While only three control units 108 are

illustrated, any number of control units 108 may be in fluid communication with a common

control line 110 according to the present disclosure. The control line 110 may also be in fluid

communication with one or more flow control devices 112 (which are not illustrated in FIG.

5A). In some implementations, each of the one or more of the control devices may include a

rupture disk 404, where each rupture disk 404 is configured to rupture at a different pressure.

For example, control line 110 may be in fluid communication with a flow control

device 112 that has four states. Control unit 108a may include a rupture disk 404 configured

to rupture at a pressure of 1000 pounds per square inch (psi), control unit 108b may include a

rupture disk 404 configured to rupture at 1050 psi, and control unit 108c may include a

rupture disk 404 configured to rupture at 1100 psi. In this example, the flow control device

112 may be in a first state when it is installed in the well system 100. After the flow control

device 112 is installed, a pressure exceeding 1000 psi and less than 1050 psi may be applied

to fluids in the interior region 116 of the tubular conduit 102, rupturing the rupture disk 404

of control unit 108a and changing the flow control device 112 from the first state to a second

state. When the flow control device is in the second state, a pressure between 1050 psi and

1100 psi may be applied to fluids in the interior region 116 of the tubular conduit 102,

rupturing the rupture disk 404 of control unit 108b and changing the flow control device 112

from the second state to a third state. When the flow control device is in the third state, a

pressure exceeding 1100 psi may be applied to fluids in the interior region 116 of the tubular

conduit 102, rupturing the rupture disk 404 of control unit 108c and changing the flow

control device 112 from the third state to a fourth state.

This example system (i.e. the flow control device 112 having four states) may be

useful for controlling the flow of fluid into the completion string 102 at various stages in the

production lifetime of the well system 100. For example, the first state of the flow control

device 112 may be a closed state that does not allow fluid to flow into the completion string

102 through the flow control device 112. The second state of the flow control device 112



may provide a flow path comprising an open bypass valve between the interior region 116

and the annulus 114. The open bypass valve may be used to gravel pack to well. The third

state of the flow control device may close the bypass valve and provide a flow path

comprising an ICD between the interior region 116 and the annulus 114. Resources may be

produced from the well system through the open ICD for example, over a number of years.

The fourth state of the flow control device may increase the rate of fluid flow from the

annulus 114 into the interior region 116 by providing a shorter open path through the ICD

than is provided by the third state.

FIG 5B illustrates a plurality of control units 108a, 108b, and 108c in fluid

communication with control lines 110a, 110b, and 110c, respectively. While only three

control units 108 are illustrated, any number of flow control units 108 may be in fluid

communication with separate control lines 110 according to the present disclosure. Each

control line 110 may also be in fluid communication with one or more flow control devices

112 (which are not illustrated in FIG. 5B).

In some implementations, each of the one or more of the control devices may include

a rupture disk 404, where each rupture disk 404 is configured to rupture at a different

pressure. In some implementations, one or more of the rupture disks 404 may be configured

to rupture at the same pressure. All of the control lines 110 may be in fluid communication

with different flow control devices 112. Alternatively, one or more of the control lines 110

may be in fluid communication with the same flow control device 112. In some

implementations, for example, all of the control lines 110 may be in fluid communication

with a first control device 112, while only control lines 110a and 110b are in fluid

communication with a second flow control device 112.

FIG 6 illustrates an example flow control device 112 that has four states, where three

of the four states provide a different flow path between the annulus 114 and the interior

region 116. Flow control device 112 may be in fluid communication with a first control unit

108 and a second control unit 108 through control lines HOa and HOb, respectively. Control

lines 110a and 110b may be distinct control lines, for example, as illustrated in FIG 5B. The

flow control device 112 provides two flow paths between the annulus 114 and the interior

region 116. Flow path A (illustrated by arrow A) includes the sand screen 208, the ICD 210,

the control valve chamber 202a, and the ports 304a and 212a. Flow path B (illustrated by

arrow B) includes the sand screen 208, the control valve chamber 202b, and the ports 304b

and 212b. Either or both of the flow paths A and B may include additional features that are

not illustrated for purposes of clarity (e.g. ports, valves, chambers, seals, ICDs, etc).



The flow control device 112 is illustrated in FIG. 6 in a first state, which includes the

control valve gate 302a in a first gate 302a position and the control valve gate 302b in a first

gate 302b position. The first state of the flow control device 112 prevents fluid flow along

both paths A and B. Second, third, and fourth states of the flow control device 112 may allow

fluid flow along path A and/or path B. For example, a second state may correspond to control

valve gate 302a in a second gate 302a position and the control valve gate 302b in the first

gate 302b position, allowing fluid to flow from the annulus 114 into the interior region 116

along path A. Similarly, a third state may correspond to control valve gate 302a in the first

gate 302a position and the control valve gate 302b in a second gate 302b position, allowing

fluid to flow from the annulus 114 into the interior region 116 along path B. A fourth state

may correspond to both control valve gates 302a and 302b in their respective second gate

positions, allowing fluid to flow from the annulus 114 into the interior region 116 along both

paths A and B.

The flow control device 112 may be installed in the well system 100 in the first state,

as illustrated. Hydraulic fluid 220 communicated into the control valve chamber 202a from

control line 110a may move the control valve gate 302a from the first gate 302a position to a

second gate 302a position in order to allow fluid to flow along path A, through port 304a.

Additionally or alternatively, hydraulic fluid 220 communicated into the control valve

chamber 202b from control line HOb may move the control valve gate 302b from the first

gate 302b position to a second gate 302b position in order to allow fluid to flow along path B,

through port 304b.

FIGS 7A, 7B, and 7C are diagrams schematically illustrating three different

configurations of a flow control system. FIG. 7A illustrates a "one control unit to n flow

control device" (1:«) configuration. In a (1:«) configuration, a single control unit 108 is in

fluid communication with n flow control devices 112a-l 12x. The ( 1:ή) configuration may be

useful for simultaneously changing the state of/? flow control devices 112. FIG. 7B

illustrates an "n control unit to one flow control device" (n: 1) configuration. In an (n: 1)

configuration, a single flow control device 112 is in fluid communication with n control units

108a-108x. The (n:l) configuration may be useful for selecting a particular state of a flow

control device 112, where the flow control device 112 has n states. FIG. 7C illustrates a

particular example of an "n control unit to m flow control device" (n:m) configuration. In an

(n:m) configuration, m flow control devices 112 are in fluid communication with n control

units 108. In the illustrated example (m=3, n=2), both of two control units 108d and 108e are

in fluid communication with each of three flow control devices 112d, 112e, and 112f. The



(n:m) configuration may be useful for simultaneously selecting a particular state of m flow

control devices 112, where each of the m flow control devices 112 has n states. The well

system 100 may implement one or more of the three configurations or any hybrid version of

the three configurations illustrated in FIGS. 7A, 7B, and 7C. While the flow control systems

are illustrated with control units 108 on the left and flow control devices 112 on the right, the

various components of a flow control system may be installed in the well system 100 in any

order according to the present disclosure. For example, the control unit 108 may be installed

on either side of (or above or below) the flow control device 112.

FIG 8 is a flow chart illustrating a process 800 for controlling flow in a well system in

accordance with some aspects of the present disclosure. In general, the process 800 may be

used to open, close, or otherwise reconfigure flow paths between an annulus of a well bore

into a tubular conduit installed in the well bore, where the annulus is the region between the

tubular conduit and a wall of the well bore. In particular, the process 800 may be used to

control a flow of fluid into the completion string 102 of the well system 100 of FIG. 1. Some

or all of the functionality of the process 800 may be implemented without well intervention

and/or without the use of control lines that extend to the ground surface.

At 805, a flow control device and a control unit are installed in a well system. As an

example, the flow control device may be in a first state, which allows fluid to enter a tubular

conduit at a certain rate (e.g. using an ICD). The flow control device in the first state may be

used for some amount of time to produce resources from the well system. In this example,

the well system may produce with the flow control device in the firsts state as long as the

well system produces resources having a certain composition (e.g. primarily oil and/or gas).

After some amount of time has elapsed (e.g. 3 years), the composition of the resources

produced by the well system may begin to change (e.g. the well system may begin to produce

large amounts of water). When the composition begins to change, it may be desirable to

change the state of the flow control device. Changing the state of the flow control device

may, for example, include opening a bypass valve or increasing a flow rate through an ICD.

As a different example, the flow control device may be installed in a closed state,

meaning that no fluid can flow into the tubular conduit from the annulus through the flow

control device. After installation, it may be desirable to change the state of the flow control

device to a state that provides an open flow path between the annulus and the tubular conduit.

At 810, a rupture disk of the control unit is ruptured. The rupture disk may be

configured to rupture when the pressure across the rupture disk exceeds a certain threshold



pressure (e.g. 900 psi, 1000 psi, or 1100 psi). The rupture disk may be ruptured by applying a

pressure exceeding the threshold pressure to fluids in the tubular conduit.

At 815, fluid is allowed to flow from an interior of a tubular conduit into a hydrostatic

chamber of the control unit. The volume of fluid may exceed the initial volume of the

hydrostatic chamber, causing the hydrostatic chamber to increase its volume, therein

displacing a piston.

At 820, fluid is communicated into a hydraulic control line from the control unit. The

fluid may be communicated into the hydraulic control line when a piston is displaced. The

displacement of the piston may decrease the volume of a hydraulic chamber of the control

unit.

At 825, the state of the flow control device is changed. The state of the flow control

device may be changed when a volume of hydraulic fluid is communicated into a chamber of

the flow control device from the control line. The volume of hydraulic fluid may be

sufficient to open or close a valve of the flow control device. Changing the state of the flow

control device may include opening or closing an ICD, opening or closing a bypass valve,

and/or increasing or decreasing a flow rate through an ICD.

In some cases, at 825, the state of the flow control device is changed when fluid is

communicated directly into the chamber of the flow control device from the control unit. For

example, when the control unit and the flow control device are implemented in a shared

housing, the operation (820) of communicating fluid into a hydraulic control line may be

omitted.

The process 800 may perform any of the functions 805-825 and/or additional

functions any number of times, according the present disclosure. For example, multiple flow

control devices and/or control units may be installed in the well bore, and multiple rupture

disks may be rupture in sequence or simultaneously. Furthermore, the process 800 may omit

one or more of the functions 805-825.

A number of embodiments of the invention have been described. Nevertheless, it will

be understood that various modifications may be made without departing from the spirit and

scope of the disclosure. Accordingly, other embodiments are within the scope of the

following claims.



WHAT IS CLAIMED IS:

1. A system for installation in a well bore, the system comprising:

a flow control device changeable from a first state to a second state, the first state

corresponding to a first mode of fluid communication between an interior of a tubular conduit

of a completion string and an annulus between the tubular conduit and a wall of the well bore

and the second state corresponding to a second, different mode of fluid communication

between the interior of the tubular conduit and the annulus; and

a control unit coupled to the flow control device to change the flow control device

between the first and second states, the control unit actuated to change the flow control

device in response to pressure in the wellbore.

2 . The system of claim 1, wherein the control unit comprises:

a hydraulic chamber in communication with the interior of the tubular conduit; and

a piston in communication with the hydraulic chamber and coupled to the flow

control device, pressure in the hydraulic chamber moves the piston and moving the piston

changes the flow control device from the first state to the second state.

3 . The system of claim 2, further comprising a rupture disk between the hydraulic

chamber and the interior of the tubular conduit, the rupture disk rupturing to allow fluid from

the interior of tubular conduit into the hydrostatic chamber when the pressure in the tubular

conduit exceeds a specified pressure.

4 . The system of claim 1, wherein the first state of the flow control device allows fluid

from the tubular conduit to flow along a first flow path of the flow control device into the

annulus.

5 . The system of claim 1, wherein the first state of the flow control device allows fluid

from the annulus to flow along a first flow path of the flow control device into the tubular

conduit.

6 . The system of claim 5, wherein the second state of the flow control device allows

fluid from the annulus to flow along a second flow path into the tubular conduit, the second

flow path being less flow restrictive than the first flow path.

7 . The system of claim 5, wherein the second state of the flow control device allows

fluid from the annulus to flow along a second flow path into the tubular conduit, the second

flow path being more flow restrictive than the first flow path.

8. The system of claim 1, wherein the first state of the flow control device prevents

fluid flow between the annulus and the tubular conduit and the second state of the flow

control device allows fluid flow between the annulus and the tubular conduit.



9 . The system of claim 1, further comprising an additional flow control device

changeable between a plurality of states and providing one or more flow paths between the

annulus and the interior of the tubular conduit, the control unit coupled to the additional flow

control device to change the additional flow control device between the states in response to

pressure in the wellbore..

10. The system of claim 1, further comprising a second control unit coupled to the

flow control device to change the flow control device between a third state and at least one of

the first state or the second state, the second control unit actuated to change the flow control

device in response to a second pressure in the wellbore..

11. The system of claim 1, wherein the control unit resides below a packer of the

completion string.

12. The system of claim 1, the flow control device further comprising a sand screen,

the sand screen filtering particulates in the annulus from entering the tubular conduit.

13. The system of claim 1, the flow control device further comprising a check

valve that allows fluid to flow from the annulus into the tubular conduit and prevents a flow

of fluid from the tubular conduit into the annulus.

14. The system of claim 1, wherein the control unit is actuated to change the flow

control device in response to pressure in the tubular conduit exceeding a specified pressure.

15. A method comprising:

applying pressure in a wellbore; and

in response to the applied pressure, changing a state of a flow control device in a

completion string installed in the wellbore from a first state to a second state, the first state

corresponding to a first mode of fluid communication between an interior of the tubular

conduit and the annulus between the tubular conduit and a wall of the well bore and the

second state corresponding to a second, different mode of fluid communication between the

interior of the tubular conduit and the annulus.

16. The method of claim 15, wherein changing the state of the flow control device

comprises communicating a volume of fluid to the flow control device.

17. The method of claim 15, wherein changing the state of the flow control device is

prevented prior to rupturing a rupture disk, the rupture disk configured to rupture in response

to a specified pressure in the wellbore.

18. The method of claim 15, wherein the first state of the flow control device allows

fluid to flow along a first flow path of the flow control device between the interior of the

tubular conduit and the annulus and the second state of the flow control device allows fluid to



flow along a second flow path of the flow control device between the interior of the tubular

conduit and the annulus that is less restrictive to fluid flow than the first flow path.

19. The method of claim 15, wherein the first state of the flow control device allows

fluid to flow along a first flow path of the flow control device between the interior of the

tubular conduit and the annulus and the second state of the flow control device allows fluid to

flow along a second flow path of the flow control device between the interior of the tubular

conduit and the annulus that is more restrictive to fluid flow than the first flow path.

20. The method of claim 15, wherein the first state of the flow control device is

sealing against flow of fluid through the flow control device between the interior of the

tubular conduit and the annulus.

21. The method of claim 15, further comprising:

applying a second pressure in the wellbore;; and

in response to the applied second pressure, changing a state of a second flow

control device in the completion string from a first state to a second state.

22. The method of claim 15, wherein the flow control device comprises a sand screen

in communication with an inflow control device.

23. A method of reconfiguring production inflow, comprising:

producing fluids from an annulus about a completion string through a sand screen

and into an interior of the completion string via a flow path; and

reconfiguring the flow path in response to a hydraulic signal.

24. The method of claim 23, wherein the flow path is reconfigured without well

intervention.

25. The method of claim 23, wherein the flow path is reconfigured to be less

restrictive to fluid flow.

26. The method of claim 23, wherein the flow path is reconfigured to be more

restrictive to fluid flow.

27. The method of claim 23, wherein the flow path is reconfigured to seal against

fluid flow into the interior of the completion string.
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