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(57) Abrégée/Abstract:
A well system Includes a valve Interconnected In a casing string and selectively configurable between first and second
configurations via a line external to the casing string, the valve In the first configuration being operable to selectively permit and
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(57) Abrege(suite)/Abstract(continued):

prevent fluid flow between the casing string exterior and interior, and in the second configuration to selectively filter and prevent fluid
flow between the casing string exterior and interior. A method of selectively stimulating a formation includes: positioning a casing
string In a wellbore Intersecting the formation, the casing string including a valve operable via an external line to selectively permit
and prevent fluid flow between the casing string interior and exterior; and stimulating an interval set of the formation by opening the
valve, flowing a stimulation fluid from the casing string into the interval set, and then configuring the valve to filter formation fluid

which flows Into the casing string.
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(57) Abstract: A well system includes a valve inter-
connected in a casing string and selectively config-
urable between first and second configurations via
a line external to the casing string, the valve in the
first configuration being operable to selectively per-
mit and prevent fluid flow between the casing string
exterior and interior, and in the second configuration
to selectively filter and prevent fluid flow between
the casing string exterior and interior. A method of
selectively stimulating a formation includes: posi-
tioning a casing string in a wellbore intersecting the
formation, the casing string including a valve opera-
ble via an external line to selectively permit and pre-
vent fluid flow between the casing string interior and
exterior; and stimulating an interval set of the forma-
tion by opening the valve, flowing a stimulation fluid
from the casing string into the interval set, and then
configuring the valve to filter formation fluid which
flows into the casing string.
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SCREENED VALVE SYSTEM FOR SELECTIVE WELL
STIMULATION AND CONTROL

TECHNICAL FIELD

The present 1nvention relates generally to equlipment
utilized and operations performed in conjunction with a
subterranean well and, 1n an embodiment described hereiln,
more particularly provides a well system with screened

valves for selective well stimulation and control.

BACKGROUND

Several systems have been used 1n the past for
selectively fracturing individual zones 1n a well. In one
such system, a colled tubing string 1s used to open and
close valves 1n a casling string. In another system, balls
are dropped into the casing string and pressure 1s applied

to shift sleeves of valves 1n the casing string.

Tt will be appreciated that use of coiled tubing and

balls dropped into the casing string obstruct the 1nterior
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of the casing string. This reduces the flow area avallable
for pumping stimulation fluids 1nto the zone. Where the
stimulation fluid includes an abrasive proppant, ball seats

will likely be eroded by the fluid flow.

Furthermore, these prior systems do not include any
means for preventing proppant, formation fines, etc. from
flowing i1nto the casing string after a stimulation operation
has been concluded, for example, during testing, completion

or production operations.

Therefore, 1t may be seen that improvements are needed
1n the art of selectively stimulating and controlling flow

in a well.

SUMMARY

In carrying out the principles of the present
invention, a well system and associated method are provided
which solve at least one problem 1n the art. One example 1s
described below 1n which the well system i1ncludes casling
valves remotely operable via one or more lines, without
requliring intervention 1nto the casing, and without
requiring balls to be dropped into, or pressure to be
applied to, the casing. Another example 1s described below
1n which the lines and valves are cemented 1n a wellbore
with the casing, and the valves are openable and closeable
after the cementing operation. A valve described below
includes a filtering configuration 1n which proppant,
formation fines, etc. can be filtered from formation fluid

flowing 1nto the casing.

In one aspect, a unique well system 1s provided. The

well system 1ncludes at least one valve 1nterconnected 1n a
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casing string. The valve 1s selectively configurable
between first and second configurations via at least one
line external to the casing string. The valve 1n the first
configuration 1s operable to selectively permit and prevent
fluid flow between an exterior and an interior of the casing
string. The valve 1n the second configuration 1s operable
to selectively filter and prevent fluid flow between the

exterior and 1nterior of the casing string.

In another aspect, a valve for use 1n a tubular string
1n a subterranean well 1s provided. The valve 1ncludes a
closure member displaceable between open and closed
positions to thereby selectively permit and prevent flow
through a sidewall of a housing assembly when the wvalve 1is
1n a first configuration. The closure member 1s further
displaceable between closed and filtering positions to
thereby selectively prevent and filter flow through the
housing assembly sidewall when the valve 1s 1n a second
configuration. The valve 1s selectively configurable
between the first and second configurations from a remote

location without i1ntervention i1nto the well.

In yet another aspect, a method of selectively
stimulating a subterranean formation 1s provided which
includes the steps of: positioning a casing string 1n a
wellbore intersecting the formation, the casing string
including at least one valve operable to selectively permit
and prevent fluid flow between an i1nterior and an exterior
of the casing string, the valve beling operable via at least
one line externally connected to the valve; and for at least
one 1nterval set of the formation, stimulating the i1nterval
set by opening the valve, flowing a stimulation fluid from
the 1nterior of the casing string and i1nto the interval set,
and then configquring the valve to filter fluid which flows

from the formation into the casing string.
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These and other features, advantages, benefits and
objects of the present i1nvention will become apparent to one
of ordinary skill in the art upon careful consideration of
the detailled description of representative embodiments of
the 1nvention hereinbelow and the accompanylng drawlngs, 1h
which similar elements are i1ndicated in the various figures

using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic partially cross-sectional view of
a well system and assoclated method embodyiling principles of

the present i1nvention;

FIG. 2 1s a schematic partially cross-sectional view of
another well system and assocliated method which embody

principles of the present i1invention; and

FIGS. 3A-E are schematic cross-sectional views of
successlve axlal sections of a valve which may be used 1n

the well systems and methods of FIGS. 1 & 2.

DETAILED DESCRIPTION

Tt 1s to be understood that the various embodiments of
the present 1nvention described herein may be utilized 1n
various orilentations, such as 1nclined, 1nverted,
horizontal, vertical, etc., and 1n various configurations,
without departing from the principles of the present
invention. The embodiments are described merely as examples

of useful applications of the principles of the i1invention,
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which 1s not limited to any specific detailils of these

embodiments.

In the following description of the representative
embodiments of the i1nvention, directional terms, such as
“above”, *“below”, “upper”, “lower”, etc., are used for
convenlence 1n referring to the accompanying drawings. In
general, “above”, “upper”, “upward” and simlilar terms refer
to a direction toward the earth’s surface along a wellbore,
and “below”, “lower”, *“downward” and similar terms refer to

a direction away from the earth’s surface along the

wellbore.

Representatively 1llustrated i1n FIG. 1 1s a well system
10 and associated method which embody principles of the
present 1nvention. The system 10 and method are used to
selectlively stimulate multiple sets of one or more i1ntervals

12, 14, 16, 18 of a formation 176 1ntersected by a wellbore
20.

EFach of the interval sets 12, 14, 16, 18 may 1nclude
one or more l1lntervals of the formation 176. As depicted 1n
FIG. 1, there are four of the interval sets 12, 14, 16, 18,
and the wellbore 20 1s substantially horizontal 1n the
intervals, but 1t should be clearly understood that any
number of 1ntervals may exist, and the wellbore could be
vertical or 1nclined 1n any direction, 1n keeping with the

principles of the invention.

A casling string 21 1s 1nstalled in the wellbore 20. As
used herein, the term “casing string” 1s used to i1indicate
any tubular string which 1s used to form a protective lining
for a wellbore. Caslng strings may be made of any material,
such as steel, polymers, composlite materials, etc. Casing
strings may be jolinted, segmented or continuous. Typically,

casing strings are sealed to the surrounding formation using
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cement or another hardenable substance (such as epoxies,

etc.), or by using packers or other sealing materials, 1n
order to prevent or 1solate longitudinal fluid communication
through an annulus formed between the casing string and the

wellbore.

The casing string 21 depicted 1n FIG. 1 includes four
valves 22, 24, 26, 28 1nterconnected therein. Thus, the
valves 22, 24, 26, 28 are part of the casing string 21, and

are longitudinally spaced apart along the casing string.

Preferably each of the valves 22, 24, 26, 28
corresponds to one of the interval sets 12, 14, 16, 18 and
1s positioned 1n the wellbore 20 opposite the corresponding
interval. However, 1t should be understood that any number
of valves may be used 1n keeping with the principles of the
invention, and 1t 1s not necessary for a single valve to
correspond to, or be positioned opposite, a single 1nterval.
For example, multiple valves could correspond to, and be
positioned opposite, a single i1nterval, and a single valve
could correspond to, and be positioned opposite, multiple

intervals.

Each of the valves 22, 24, 26, 28 1s selectively
operable to permit and prevent fluid flow between an
interior and exterior of the casing string 21. The valves
22, 24, 26, 28 could also control flow between the interior
and exterior of the casing string 21 by variably choking or

otherwise regulating such flow.

With the valves 22, 24, 26, 28 positioned opposite the
respective 1nterval sets 12, 14, 16, 18 as depicted in FIG.
1, the valves may also be used to selectively control flow
between the i1nterior of the casing string 21 and each of the
lnterval sets. In this manner, each of the i1nterval sets

12, 14, 16, 18 may be selectively stimulated by flowing
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stimulation fluid 30 through the casing string 21 and
through any of the open valves 1nto the corresponding

lnterval sets.

As used herein, the term “stimulation fluid” 1s used to
indicate any fluid, or combination of fluids, which 1is
injected 1nto a formation or interval set to i1ncrease a rate
of fluid flow through the formation or interval set. For
example, a stimulation fluid might be used to fracture the
formation, to deliver proppant to fractures i1n the
formation, to acidize the formation, to heat the formation,
or to otherwlise 1ncrease the mobility of fluid 1n the
formation. Stimulation fluid may i1nclude various

components, such as gels, proppants, breakers, etc.

As depicted 1in FIG. 1, the stimulation fluid 30 1is
being delivered to the i1nterval set 18 via the open valve
28. In this manner, the i1nterval set 18 can be selectively

stimulated, such as by fracturing, acidizing, etc.

The i1nterval set 18 1s 1solated from the i1nterval set
16 1n the wellbore 20 by cement 32 placed 1n an annulus 34
between the casing string 21 and the wellbore. The cement
32 prevents the stimulation fluid 30 from being flowed to
the 1nterval set 16 via the wellbore 20 when stimulation of
the 1nterval set 16 1s not desired. The cement 32 1solates
each of the interval sets 12, 14, 16, 18 from each other 1in

the wellbore 20.

As used herein, the term “cement” 1s used to 1ndicate a
hardenable sealing substance which 1s 1nitially sufficiently
fluid to be flowed i1nto a cavity 1n a wellbore, but which
subsequently hardens or “sets up” so that 1t seals off the
cavity. Conventional cementitious materials harden when
they are hydrated. Other types of cements (such as epoxies

or other polymers) may harden due to passage of time,
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application of heat, combination of certain chemical

components, etc.

Each of the valves 22, 24, 26, 28 has one or more
openings 40 for providing fluid communication through a
sidewall of the valve. It 1s contemplated that the cement
32 could prevent flow between the openings 40 and the
lnterval sets 12, 14, 16, 18 after the cement has hardened,
and so various measures may be used to either prevent the
cement from blocking this flow, or to remove the cement from
the openings, and from between the openings and the i1nterval
sets. For example, the cement 32 could be a soluble cement
(such as an acid soluble cement), and the cement 1n the
openings 40 and between the openings and the interval sets
12, 14, 16, 18 could be dissolved by a suitable solvent 1n
order to permit the stimulation fluid 30 to flow 1into the
interval sets. The stimulation fluid 30 i1itself could be the

solvent.

In the well system 10, the valve 28 1s opened after the
cementing operation, that 1s, after the cement 32 has
hardened to seal off the annulus 34 between the interval
sets 12, 14, 16, 18. The stimulation fluid 30 1s then
pumped through the casing string 21 and i1nto the interval

set 18.

The valve 28 1s then closed, and the next valve 26 1s
opened. The stimulation fluid 30 1is then pumped through the

casing string 21 and into the interval set 16.

The valve 26 1s then closed, and the next valve 24 1is
opened. The stimulation fluid 30 1s then pumped through the

casling string 21 and into the interval set 14.

The valve 24 1s then closed, and the next valve 22 1is
opened. The stimulation fluid 30 1is then pumped through the

casing string 21 and into the interval set 12.
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Thus, the valves 22, 24, 26, 28 are sequentially opened
and then closed to thereby permit sequential stimulation of
the corresponding i1nterval sets 12, 14, 16, 18. Note that
the valves 22, 24, 26, 28 may be opened and closed 1n any

order, 1n keepling with the principles of the i1nvention.

In a desirable feature of the well system 10 and
assoclated method, the valves 22, 24, 26, 28 may be opened
and closed as many times as 1s deslred, the valves may be
opened and closed after the cementing operation, the valves
may be opened and closed without requliring any i1ntervention
1nto the casing string 21, the valves may be opened and
closed without 1nstalling any balls or other plugging
devices 1n the casing string, and the valves may be opened

and closed without applying pressure to the casing string.

ITnstead, the valves 22, 24, 26, 28 are selectively and
sequentially operable via one or more lines 36 which are
preferably installed along with the casing string 21. 1In
addition, the lines 36 are preferably i1nstalled external to
the casing string 21, so that they do not obstruct the
interior of the casing string, but this 1s not necessary 1n
keepling with the principles of the i1nvention. Note that, as
depicted 1n FIG. 1, the lines 36 are cemented 1n the annulus

34 when the casing string 21 1s cemented 1n the wellbore 20.

The lines 36 are connected to each of the valves 22,
24, 26, 28 to control operation of the valves. Preferably,
the lines 36 are hydraulic lines for delivering pressurized
fluid to the wvalves 22, 24, 26, 28, but other types of lines
(such as electrical, optical fiber, etc.) could be used 1if

desired.

The lines 36 are connected to a control system 38 at a
remote location (such as the earth’s surface, sea floor,

floating rig, etc.). In thilis manner, operation of the



10

15

20

25

30

CA 02704834 2010-05-04

WO 2009/070175 PCT/US2007/086132

- 10 -

valves 22, 24, 26, 28 can be controlled from the remote
location via the lines 36, without requliring intervention

into the casing string 21.

After the stimulation operation, 1t may be desired to
test the i1nterval sets 12, 14, 16, 18 to determine, for
example, post-stimulation permeability, productivity,
injectivity, etc. An 1ndividual 1nterval set can be tested
by opening 1ts corresponding one of the wvalves 22, 24, 26,

28 while the other valves are closed.

Formation tests, such as buildup and drawdown tests,
can be performed for each interval set 12, 14, 16, 18 by
selectively opening and closing the corresponding one of the
valves 22, 24, 26, 28 while the other valves are closed.
Instruments, such as pressure and temperature sensors, may
be 1ncluded with the casing string 21 to perform downhole

measurements during these tests.

The valves 22, 24, 26, 28 may also be useful during
production to control the rate of production from each
interval set. For example, 1f i1nterval set 18 should begin
to produce water, the corresponding valve 28 could be
closed, or flow through the valve could be choked, to reduce

the production of water.

If the well 1s an i1njection well, the valves 22, 24,
26, 28 may be useful to control placement of an i1njected
fluid (such as water, gas, steam, etc.) 1nto the
corresponding 1nterval sets 12, 14, 16, 18. A waterflood,
steamfront, olil-gas 1nterface, or other 1njection profile
may be manipulated by controlling the opening, closing or

choking of fluid flow through the wvalves 22, 24, 26, 28.

During the formation tests, completion operations,
production operations, etc., when formation fluid 1s flowed

into the casing string 21, the valves 22, 24, 26, 28 1nclude
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another desirable feature, which provides for filtering the
formation fluid so that proppant, formation fines, or other
debris, particulate matter, etc. 1s not produced i1into the
caslng string. Specifically, each of the valves 22, 24, 26,
28 has another configuration 1n which the valve can be
operated to selectively prevent and filter flow through the

opening 40.

Each of the valves 22, 24, 26, 28 can be selectively
configured as desired using the lines 36 and control system
38. Thus, the valves 22, 24, 26, 28 are configurable from a
remote location, without requiring any 1ntervention i1nto the
casing string 21, and without requiring that pressure be

applied to the casing string.

Referring additionally now to FIG. 2, another well
system 170 and associated method 1ncorporating principles of
the 1nvention are representatively 1llustrated. The well
system 170 1s simllar 1n some respects to the well system 10
described above, and so simlilar elements have been indicated

in FIG. 2 using the same reference numbers.

The well system 170 includes two wellbores 172, 174.
Preferably, the wellbore 174 1s poslitioned vertically deeper
1n the formation 176 than the wellbore 172. 1In the example
depicted 1n FIG. 2, the wellbore 172 1s directly vertically
above the wellbore 174, but this 1s not necessary 1n keeplng

with the principles of the i1nvention.

A set of valves 24, 26, 28 and lines 36 1s 1nstalled 1n
each of the wellbores 172, 174. The valves 24, 26, 28 are
preferably interconnected in tubular strings 178, 180 which
are 1nstalled 1n respective perforated liners 182, 184
positioned 1n open hole portions of the respective wellbores

172, 174. Although only three of the valves 24, 26, 28 are
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depicted 1n each wellbore 1in FIG. 2, any number of valves

may be used 1n keeping with the principles of the invention.

The i1nterval sets 14, 16, 18 are 1solated from each
other 1n an annulus 186 between the perforated liner 182 and
the wellbore 172, and 1n an annulus 188 between the
perforated liner 184 and the wellbore 174, using a sealilng
material 190 placed 1in each annulus. The sealing material
190 could be any type of sealing material (such as swellable
elastomer, hardenable cement, selective plugging material,
etc.), or more conventional packers could be used 1n place

of the sealing material.

The 1nterval sets 14, 16, 18 are 1solated from each
other 1n an annulus 192 between the tubular string 178 and
the liner 182, and i1n an annulus 194 between the tubular

string 180 and the liner 184, by packers 196.

In the well system 170, steam 1s 1njected i1nto the
interval sets 14, 16, 18 of the formation 176 via the valves
24, 26, 28 1n the wellbore 172, and formation fluid 1is
received from the formation i1nto the valves 24, 26, 28 1n
the wellbore 174. Steam 1njected 1nto the i1nterval sets 14,
16, 18 1s represented 1n FIG. 2 by respective arrows 198a,
198b, 198c, and formation fluid produced from the i1nterval

sets 1s represented 1n FIG. 2 by respective arrows 200a,

200b, 200c.

The valves 24, 26, 28 1n the wellbores 172, 174 are
used to control an interface profile 202 between the steam
198a-c¢ and the formation fluid 200a-c. By controlling the
amount of steam 1njected 1nto each i1nterval set, and the
amount of formation fluid produced from each 1nterval set, a

shape of the profile 202 can also be controlled.

For example, 1f the steam 1s advancling too rapidly 1n

one of the interval sets (as depicted 1in FIG. 2 by the dip
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1in the profile 202 in the i1nterval set 16), the steam
injected 1nto that interval set may be shut off or choked,
or production from that i1nterval set may be shut off or
choked, to thereby prevent steam breakthrough 1nto the
wellbore 174, or at least to achieve a desired shape of the

interface profile.

In the example of FIG. 2, the valve 26 1n the wellbore
172 could be selectively closed or choked to stop or reduce
the flow of the steam 198b i1nto the i1nterval set 16.
Alternatively, or 1n addition, the valve 26 1n the wellbore
174 could be selectively closed or choked to stop or reduce
production of the formation fluid 200b from the interval set

lo.

For steam 1njection purposes 1n the wellbore 172, the
valves 24, 26, 28 (as well as the seal material 190 and
packers 196) should preferably be provided with appropriate
heat resistant materials and constructed to withstand large
temperature variations. For example, the packers 196 1n the
wellbore 172 could be of the type known as ring seal

packers.

The valves 24, 26, 28 1n the wellbore 174 may be
configured to permit filtering of the fluid 200 during
formation testing, completion and/or production operations.
The valves 24, 26, 28 are preferably selectively operable
between closed and filtering positions, 1n order to reduce
or eliminate production of formation fines, particulate
matter, proppant, debris, etc. from the formation 176, and
also to achieve a desired shape of the interface profile

202.

An enlarged scale schematic cross-sectional view of a
valve 80 which may be used for any of the valves 22, 24, 26,

28 1in the well system 10 and/or 170 is representatively
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1llustrated 1in FIGS. 3A-E. The valve 80 may be used 1n
other well systems 1n keeping with the principles of the

invention.

The valve 80 1s of the type known to those skilled in
5 the art as a sliding sleeve valve, since 1t 1ncludes a
closure member 82 1n the form of a sleeve reciprocably
displaceable relative to a housing assembly 84 to thereby
selectively permit and prevent flow through openings 86
formed through a sidewall of the housing assembly. The
10 closure member 82 1s part of a closure assembly 78 which can
also be used to selectively prevent and filter flow through

the openings 86, as described more fully below.

The valve 80 1s specilally constructed for use 1n well

systems and methods (such as the well system 10 and method
15 of FIG. 1) 1n which the valve 1s to be operated after beiling

cemented 1n a wellbore. Specifically, openings 88 formed

through a sidewall of the closure member 82 are i1solated

from the interior and exterior of the valve 80 where cement

1s present during the cementing operation. The valve 80 1s
20 preferably closed during the cementing operation, as

depicted 1n FIGS. 3A-E.

Although use of the valve 80 i1n the well system 10 1is
described (i1n which the valve 1s cemented 1n a wellbore), 1t
should be clearly understood that the valve 80 1s also

25 sulitable for use 1n well systems and methods (such as the
well system 170 and method of FIG. 2) 1n which the wvalve 1is

not cemented 1in a wellbore.

When 1t 1s desired to open the valve 80, the closure
member 82 1s displaced upward, thereby aligning the openings
30 86, 88 and permitting fluid communication between the
interior and exterior of the housing assembly 84. The

closure member 82 1s displaced 1n the housing assembly 84 by
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means of pressure delivered via lines 36a, 36b externally

connected to the wvalve 80.

The line 36a 1s 1n communlication with a chamber 92, and
the line 36b 1s 1n communication with a chamber 94, 1n the
housing assembly 84. The lines 36a, 36b can be i1ncluded 1n
the lines 36 1n the systems 10, 170 described above. A
protective housing 90 1s preferably used to prevent damage

to the lines 36.

Pistons 96, 98 on the closure assembly 78 are exposed
to pressure 1n the respective chambers 92, 94. 1In a first
configuration of the valve 80, when pressure 1n the chamber
94 exceeds pressure 1n the chamber 92, the closure assembly
78 1s biased by this pressure differential to displace
upwardly to 1ts open position. When pressure 1n the chamber
92 exceeds pressure 1n the chamber 94, the closure assembly
78 1s biased by this pressure differential to displace

downwardly to 1ts closed position.

Note that, when the closure assembly 78 displaces
between 1ts open and closed positions (1n either direction),
the closure assembly 1s displacing i1nto one of the chambers
92, 94, which are filled with clean fluid. Thus, no debris,
sand, cement, etc. has to be displaced when the closure

member 82 1s displaced.

This 1s true even after the valve 80 has been cemented
in the wellbore 20 in the well system 10. Although cement
may enter the openings 86 1n the outer housing 84 when the
closure member 82 1s 1n 1ts closed position, this cement
does not have to be displaced when the closure member 1s

displaced to 1ts open position.

An additional beneficial feature of the valve 80 1is
that the chambers 92, 94 and pistons 96, 98 are positioned
straddling the openings 86, 88, so that a compact
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construction of the valve 1s achieved. For example, the
valve 80 can have a reduced wall thickness and greater flow
area as compared to other designs. This provides both a

functional and an economic benefit.

A shoulder 100 at an upper end of the chamber 92 limits
upward displacement of the closure assembly 78 1n the first
configuration of the valve 80. Another shoulder 76 formed
on an l1hner mandrel 74 of the valve 80 limits downward

displacement of the closure assembly 78.

A ring 72 1s carried at a lower end of the closure
assembly 78, and 1s secured 1n place with shear screws 70.
The ring 72 abuts the shoulder 76 to prevent further
downward displacement of the closure assembly 78 1n the

first configuration of the valve 80.

However, when 1t 1s desired to operate the valve 80 to
1ts second configuration, pressure 1n the chamber 92 may be
increased (or pressure 1n the chamber 94 may be decreased)
to thereby apply a predetermined pressure differential
across the pistons 96, 98 to shear the shear screws 70 and
permit the closure assembly 78 to displace further downward.
After the shear screws 70 have been sheared, downward
displacement of the closure assembly 78 1s limited by a

shoulder 68 at a lower end of the chamber 94.

Another effect of shearing the screws 70 and downwardly
displacing the closure assembly 78 1s that an i1nternal
latching profile 66 on the closure assembly will be
positioned below the upper ends of latching collets 64.
Each of the collets 64 has an external latching profile 62
formed thereon for latching engagement with the i1nternal

profile 66.

Once the i1nternal profile 66 has displaced downward

past the external profiles 62, the engagement between the
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profiles will prevent the closure assembly 78 from
displacing upwardly beyond the collets 64. In other words,
the point of engagement between the profiles 62, 66 becomes

a new limit for upward displacement of the closure assembly

78.

When the profiles 62, 66 are engaged at the upper limit
of displacement of the closure assembly 78 1n this second
configuration of the valve 80, the closure member 82 1is
positioned opposite the openings 86, and flow through the
openings 1s prevented. This position of the closure
assembly 78 1s achieved by l1ncreasing pressure 1n the
chamber 94 relative to pressure 1n the chamber 92 to

upwardly displace the closure assembly.

When the closure assembly 78 1s downwardly displaced to
abut the shoulder 68, a filter 60 will be positioned
opposite the openings 86. In this position, fluid which
flows through the openings 86 will be filtered by the filter
60. Thus, 1n formation testing, completion, production
operations, etc., the filter 60 can prevent formation fines,
proppant, debris and/or particulate matter from flowing into

the casing string 21 from the formation 176.

This position of the closure assembly 78 (with the
filter 60 positioned opposite the openings 86) 1s achieved
by increasing pressure 1n the chamber 92 relative to
pressure 1n the chamber 94 to downwardly displace the
closure assembly. If 1t 1s desired to close the valve 80
and thereby prevent flow through the openings 86, pressure
1n the chamber 94 may be agaln i1ncreased relative to
pressure 1n the chamber 92 to upwardly displace the closure
assembly 78 (until the profiles 62, 66 engage) and position

the closure member 82 opposite the openings 86.
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Thus, 1n the first configuration of the valve 80 (prior
to shearing the screws 70 and displacing the i1nternal
profile 66 downward past the external profiles 62), the
valve 1s repeatedly operable between open and closed
positions, and 1n the second configuration of the valve
(after shearing the screws 70 and displacing the i1nternal
profile 66 downward past the external profiles 62), the
valve 1s repeatedly operable between closed and filtering

positions.

The filter 60 may be any type of filter or screen
capable of filtering proppant, formation fines, debris,
particulate matter, etc. from the formation fluid 200. For
example, the filter 60 could be a sand control screen, a
wlre-wrapped screen, a wire mesh screen, a sintered screen,
a pre-packed screen, a woven screen, small perforations,

narrow slots, or any other type or combination of filters.

The capability of closing the valve 80 when it 1s 1n
the second configuration can be useful 1n stimulation
operations (to enable selective stimulation of different
interval sets 12, 14, 16, 18) and 1n formation testing,
completion and production operations to control flow of the
fluid 200 from the formation 176. For example, 1n the well
system 170, closing one or more of the valves 24, 26, 28 1is
useful for controlling the shape of the i1nterface profile

202 during production operations.

Various different systems and methods may be used for
controlling operation of the valve 80. Suitable systems and
methods are described 1n International Application No.
PCT/US07/61031, filed January 25, 2007, the entire
disclosure of which 1s i1ncorporated herein by this
reference. The control systems and methods described 1n the

incorporated application are especlally sulited for remotely
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controlling operation of multiple valves 22, 24, 26, 28

interconnected 1n a casing string 21.

Seals used 1n the valve 80 may be similar to the seals
described in International Application No. PCT/US07/60648,
filed January 17, 2007, the entire disclosure of which 1is
incorporated herein by this reference. The seals described
in the 1ncorporated application are especially suited for

high temperature applications.

It may now be fully appreciated that the present
invention provides many benefits over prior well systems and
methods for selectively stimulating wells and controlling
flow 1n wells. Sequential and selective control of multiple
valves 1s provided, without requiring intervention 1nto a
casing or other tubular string, and certaln valves are
provided which are particularly suited for being cemented
along with a casing string, or use 1n high temperature

environments, etc.

Specifically, the well systems 10, 170 described above
may i1nclude at least one valve 80 1nterconnected 1n a casiling
string 21, the valve beiling selectively configurable between
first and second configurations via one or more lines 36
external to the casing string 21. The valve 80 1n the first
configuration 1s operable to selectively permit and prevent
fluid flow between an exterior and an interior of the casing
string 21. The valve 80 1n the second configuration 1is
operable to selectively filter and prevent fluid flow

between the exterior and interior of the casing string 21.

The valve 80 may be selectively configurable between
the first and second configurations 1n response to pressure
manipulation on the one or more lines 36. The valve 80 may

be placed 1n the second configuration 1n response to a
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predetermined pressure beiling applied to at least one of the

lines 36.

In the first configuration, a closure member 82 of the
valve 80 may be selectively displaceable between a first
position in which flow through an opening 86 of the wvalve 1is
blocked and a second position 1n which flow through the
opening 1s unblocked. In the second configuration, the
closure member 82 may be selectively displaceable between
the first position and a third position 1n which a filter 60
1s operative to filter fluid flow through the opening 86.
The filter 60 may be attached to the closure member 82 and
may displace with the closure member 1n the second

configuration.

A valve 80 1s also described above for use 1n a tubular
string 21 1n a subterranean well. The valve 80 may 1nclude
a closure member 82 displaceable between open and closed
positions to thereby selectively permit and prevent flow
through a sidewall of a housing assembly 84 when the wvalve
1s 1n a first configuration. The closure member 82 may also
be displaceable between closed and filtering positions to
thereby selectively prevent and filter flow through the
housing assembly 84 sidewall when the valve 80 is 1n a
second configuration. The valve 80 may be selectively
configurable between the first and second configurations

from a remote location without intervention into the well.

A control system 38 may be operative to manipulate
pressure 1nh one or more lines 36 externally connected to the
valve 80 to select between the first and second
configurations. The closure member 82 may be displaceable
between the open and closed positions 1n response to a
change 1n pressure 1n at least one of the lines 36

externally connected to the valve 80. The closure member 82
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may be displaceable between the closed and filtering
positions 1n response to a change 1n pressure 1nh at least

one of the lines 36 externally connected to the wvalve 80.

In the first configuration, the closure member 82 may
be selectively displaceable between the closed position 1n
which flow through an opening 86 of the valve 80 1s blocked
and the open position i1n which flow through the opening 1is
unblocked. In the second configuration, the closure member
82 may be selectively displaceable between the closed
position and the filtering position i1n which a filter 60 1is
operative to filter fluid flow through the opening 86. The
filter 60 may be attached to the closure member 82 and
displace with the closure member in the second

configuration.

A method of selectively stimulating a subterranean
formation 176 1s also described above. The method may
include the steps of: positioning a casing string 21 1n a
wellbore 20 i1ntersecting the formation 176, the casing
string 1ncluding at least one valve 80 operable to
selectively permit and prevent fluid flow between an
interior and an exterior of the casing string, the wvalve
being operable via one or more lines 36 externally connected
to the valve; and for at least one interval set 12, 14, 16,
18 of the formation 176, stimulating the i1nterval set by
opening the valve 80, flowing a stimulation fluid 30 from
the 1nterior of the casing string 21 and 1nto the i1nterval
set, and then configuring the valve to filter fluid 200

which flows from the formation i1into the casing string.

The method may also include the step of, prior to the
stimulating step, cementing the casing string 21 and lines

36 1n the wellbore 20. At least one of the lines 36 may be
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positioned external to the casing string 21 during the
cementing step.

The valve opening and configuring steps may be
performed by manipulating pressure 1n at least one of the
lines 36. The valve opening and configuring steps may be
performed without intervention into the casing string 21.
The valve opening and configuring steps may be performed
without application of pressure to the casing string 21.

The method may also include the step of testing the
interval set by opening the valve 80, and flowing a
formation fluid 200 from the interval set and into the
interior of the casing string 21. The testing step may

be performed after the stimulating step.

The method may also include the steps of repeatedly
displacing a closure member 82 of the valve 80 between
open and closed positions 1n a first configuration of the
valve and then, after the configuring step, repeatedly
displacing the closure member between closed and

filtering positions in a second configuration of the

valve.

Of course, a person skilled 1n the art would, upon a

careful consideration of the above description of

representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made
to the specific embodiments, and such changes are

intended to fall within the appended claims.
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CLAIMS:

1. A well system, comprising:

a valve 1interconnected 1in a casing string, the wvalve
selectively and alternately permits and prevents
fluid flow between an exterior and an 1interior of
the casing string 1n a first configuration, and the

valve selectively and alternately filters and

prevents fluid flow between the exterior and the
interior of the casing string 1n a  second
configuration; and

at least one 1line connected to the wvalve, wherein the

line changes the wvalve from the first configuration
to the second configuration, and wherein after the
valve changes from the first configuration to the

second configuration, the wvalve 1s prevented from

changing from the second configuration to the first

configuration.

2. The system of «c¢laim 1, wherein the wvalve 1is
selectively configurable between the first and second

configurations 1n response to pressure manipulation on

the at least one line.

3. The system of claim 1, wherein the valve is placed in
the second configuration 1n response to a predetermined

pressure beling applied to the at least one line.

4. The system of c¢laim 1, wherein 1n the first
configuration a closure member of the valve 1is
selectively displaceable between a first position in

which fluid flow through an opening of the wvalve is

blocked and a second position in which fluid flow through
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the opening 1s unblocked, and wherein 1n the second
configuration the closure member 1S selectively
displaceable between the first position and a third

position 1n which fluid flow through.'the opening 1s

filtered.

5. The system of claim 4, wherein a filter 1s attached to
the closure member and displaces with the c¢losure member

1in the second configuration.

6. A valve for use 1in a tubular string in a subterranean

well, the valve comprising:

a closure member displaceable between open and closed
positions 1n which fluid flow 1is selectively and
alternately permitted and prevented through a
sidewall of a housing assembly when the valve is in
a first configuration, the closure member further
being displaceable between closed and filtering
positions in which fluid flow through the housing
assembly sidewall 1is selectively and alternately
prevented and filtered when the valve is in a second
configuration; and

a latching means which limits displacement of the closure
member when the valve 1s 1n the second configuration
thereby preventing the wvalve from returning to the

first configuration.

7. The wvalve of c¢laim 6, wherein a control system
manipulates pressure in at least one line connected to
the valve thereby changing from the first configuration

to the second configuration.
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8. The wvalve of c¢laim 6, wherein the closure member 1is
displaceable between the open and closed positions 1n
response to a change 1n pressure 1n at least one 1line

connected to the wvalve.

9. The wvalve of c¢laim 6, wherein the closure member is
displaceable between the closed and filtering positions
1in response to a change in pressure in at least one line

connected to the wvalve.

10. The valve of claim 6, wherein 1n the first
configuration the closure membexr 1s selectively
displaceable between the closed position in which fluid
flow through an opening of the wvalve 1is blocked and the
open position in which fluid flow through the opening is
unblocked, and wherein 1in the second configuration the
closure member 1s selectively displaceable between the
closed position and the filtering position in which fluid

flow through the opening is filtered.

11. The wvalve of claim 10, wherein a filter is attached
to the closure member and displaces with the closure

member 1n the second configuration.

12. A method of selectively stimulating a subterranean

formation, the method comprising the steps of:

positioning a casing string in a wellbore intersecting
the formation, the casing string including at least
one valve which selectively and alternately permits
and prevents fluid flow between an interior and an
exterior  of the casing string in a first

configuration, and which selectively and alternately

filters and prevents fluid flow between the interior
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and the exterior of the casing string 1n a second
configuration, the valve being operated via at least
one line connected to the valve;

stimulating at least one 1interval set of the formation by
opening the wvalve and flowing a stimulation fluid
from the 1nterior of the casing string into the
interval set while the wvalve 1s 1in the first
configuration;

then 1rreversibly changing the wvalve from the first
configuration to the second configuration; and

then filtering fluid which flows from the formation

through the valve into the casing string.

13. The method of claim 12, further comprising the step
of, prior to the stimulating step, cementing the casing

string and line in the wellbore.

14. The method of c¢laim 13, wherein the 1line 1is
positioned external to the casing string during the

cementing step.

15. The method of c¢laim 12, wherein the opening and
configuring steps are performed by manipulating pressure

in the line.

16. The method of claim 12, wherein the opening and
configuring steps are performed without intervention into

the casing string.

17. The method of c¢laim 12, wherein the opening and
configuring steps are performed without application of

pressure to the 1interior of the casing string.
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18. The method of claim 12, further comprising the step
of testing the interval set by opening the wvalve and

flowing a formation fluid from the i1nterval set 1into the

interior of the casing string.

19. The method of c¢laim 18, wherein the testing step 1is

performed after the stimulating step.

20. The method of c¢laim 12, further comprising the steps

of repeatedly displacing a closure member of the wvalve

between open and closed positions in a first
configuration  of the valve and  then, after the
configuring step, zrepeatedly displacing the closure

member between closed and filtering positions in a second

configuration of the wvalve.



CA 02704834 2010-05-04

PCT/US2007/086132

WO 2009/070175

1/7

FIG. 1



CA 02704834 2010-05-04

PCT/US2007/086132

WO 2009/070175

2/7

¢ Ild

9/1
061 &

961

v¢ 961 06! 08!

8z 06. 991 ¢ 461
N

AR SOV
\\\\\\ﬂ IQ\\\&«"A 77////
: : N
._‘_-_-_'__I.- H-_l__-_-_-?.l.. H-_l__&-_- '_.

T e AN, 2
NNT NN NN .ﬂ/.lzr/// NN\

LIS

vl

Ts& 981
2L g6l 861,

'./\\ NZN\
V2222

/77 /7. I Epmnemns 777777

| - mi| | 1 — - 11 T 11 L mil I
a1 1 1 ¢ L3 __J J 1 |

SN y e — N Wil — o
=N WNNNN SN T ANNNNNNY pa—"SNARNSNNNLS
n \\\\\\Hﬂ 22727271 ﬁ‘\\\\\. )

RS R /. \/\X/\\\/\
9 96!}
761 961

06 2 06 g

gz 06l gzgi

/

0LI



PCT/US2007/086132

WO 2009/070175

80

84

=S\ e = MO ||I|I

SANNN NN e AN A

-
&)’



PCT/US2007/086132

CA 02704834 2010-05-04

WO 2009/070175

80

84
100
96

EE— | 7 727278 o SN SN NN NNANNNAN RN
Tl \\\\\\\\\\\%mm;lﬁﬁﬂhﬁwﬁ

N
RN

N = = N I =% v anen s SN AR ANNRRNRNNANNRNNNRRRRNAAAAN AN

J6a
92
/8



CA 02704834 2010-05-04

PCT/US2007/086132

WO 2009/070175

5/7

80

60
86
82
84
88

ééégllggg

"””””””””””” | ””””””"

-

WI’“"””””"””””" | r””‘.’”"”‘
Vo ara = = Y Y s e e e A A A a A A A A A A A e s s e YU Ul e e i i " v ~~_ _ ~— VI WAL =" "< o e d 4 N

SHLALALRENARANARNARAAARAARR SN AN AN S SASA SRS SRR SNTNANNN

86
/8
88




CA 02704834 2010-05-04

PCT/US2007/086132

WO 2009/070175

6/7

80

D >

84

. - e a s wwae WL = e I
A I A A I T I T T T I I N I I N T I T I I T I a I a E  E  E E E T T T N T T N T N T T N N T N T N N T T TN T T T N T N T T S N S S O S O S TS TS TS S TN N TN SN NSNS NNONNNNNNSNINNNS

-

S S S S S S S S S S OIS SSSSSS S S S S S S SO O O O S S S S S OSSOSO OSSOSO S OSSOSO S OSSO S S OSSOSO S S S IO S SO S SS SSSSSOSS SS SS SOS OSSSSSSSSSSSSISSIS IS
Y = Y vows - it VB owwm. o - D

88
/8

FIG.5D



CA 02704834 2010-05-04

PCT/US2007/086132

WO 2009/070175

80

7/7

N

/0

62
64

v el |

O
NS

/0
/8

O
O

62
64

84

94

68

T %Al

I [—_— - N Z < AL
NS S S SN SO IN SN A S SOOI SN O OSOSONONSOSONONSIOSOSIOSOSIOSOSSOSOSSOSONONNAATKSKSS

Vfﬂflf//fsf_uva!ﬂ.WﬂfﬂﬂfﬂﬂfffWVVVVVVVVVVVMVVWVVWVVVVVVWMﬂ-ﬂiﬂhﬂhﬁwy\
ad == oy T A e s _ Hh
SN AN OO NN O NN N NN N N NN NN NN NN NN NN SN s .

o L

W\ el

2020z

e,

L b

J6b

FIG.SE



o8

10

iy X
N ) 74
- B ' 4
‘y o
.. --'l
. -

. v e
N e

s :

30




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - abstract drawing

