wo 2013/070446 A1 | I NI 000 RO OO 0RO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/070446 Al

16 May 2013 (16.05.2013) WIPO I PCT

(51) International Patent Classification: (71) Applicant (for FR only): SERVICES PETROLIERS
E21B 34/08 (2006.01) E21B 43/12 (2006.01) SCHLUMBERGER [FR/FR]; 42 rue Saint Dominique, F-

(21) International Application Number: 75007 Paris (FR).
PCT/US2012/062098 (71) Applicant (for GB, JP, NL only): SCHLUMBERGER
(22) International Filing Date: HQLDINGS LIMITED [GB/GB]; P.O: .Box 71,
26 October 2012 (26.10.2012 Craigmuir Chambers, Road Town, Tortola, Virgin Islands,

ctober 2012 (26.10.2012) British, 1110 (VG).

(25) Filing Language: English 71y Applicant (or AL, AM, AT, AU, AZ, BF, BG, BJ, BN, BY,
(26) Publication Language: English CF, CG, CH, CI, CL, CM, CO, CY, CZ, DE, DK, EG, G4,
L. GE, GN, GO, GR, GW, HR, HU, ID, IE, IL, IT, KE, KG,
(30) Priority Data: KP, KR, KZ, LT, MD, MG, ML, MR, MX, MY, NE, NO,
13/291,293 8 November 2011 (08.11.2011) us NZ. OM. PL QA RO, RU SI SK. SN. TD. TG. TH. TJ
(71) Applicant (for CA only): SCHLUMBERGER CANADA IM, TN, TR, TT, TZ, Ud, UG, UZ, 74 only): SCHLUM-

LIMITED [CA/CA]; 525-3rd Avenue Southwest, Calgary,
Alberta T2P-0G4 (CA).

BERGER TECHNOLOGY B.V. [NL/NL]; Parkstraat 83-
89m, NL-2514 JG The Hague (NL).

[Continued on next page]

(54) Title: COMPLETION METHOD FOR STIMULATION OF MULTIPLE INTERVALS

(57) Abstract: A technique provides for stimulating or otherwise treating multiple inter-
vals/zones of a well by controlling flow of treatment fluid via a plurality of flow control

20\

F50

devices. The flow control devices are provided with internal profiles and flow through pas-
sages. Hydraulic darts are designed for selective engagement with the internal profiles of
specific flow control devices, and each hydraulic dart may be moved downhole for en-
gagement with and activation of a specific flow control device



WO 2013/070446 A1 |IIWAT 00TV AV A OO

1

1

(72

74

Applicant (for all designated States except AL, AM, AT,
AU, AZ, BG, BN, BY, CA, CH, CL, CO, CY, CZ, DE, DK,
EG, FR, GB, GE, GR, HR, HU, ID, IE, IL, IT, JP, KE,
KG, KP, KR, KZ, LT, MG, MX, MY, NL, NO, NZ, OM,
PL, QA4, RO, RU, SI, SK, TH, TJ, T™M, IN, IR, 1T, 17,
UA, UG, US, UZ, Z4): PRAD RESEARCH AND DE-
VELOPMENT LIMITED [GB/GB]; P.O. Box 71,
Craigmuir Chambers, Road Town, Tortola, Virgin Island,
British, 1110 (VG).

Applicant (for US only): SCHLUMBERGER TECH-
NOLOGY CORPORATION [US/US]; 300 Schlumber-
ger Drive, Sugar Land, Texas 77478 (US).

Inventors: FLEMING, John; 17911 Oak Bayou, Da-
mon, Texas 77430 (US). RYTLEWSKI, Gary L.; 4757
Oakmont Court, League City, Texas 77573 (US). PHIL-
LIPS, Larry W.; 3 Pecan Place, Angleton, Texas 77515
(US). SWAREN, Jason; 231 Needleleaf Lane, Sugar
Land, Texas 77479 (US). FAUGERE, Aude; 5527 Ben-
ning Drive, Houston, Texas 77096 (US). SHAMPINE,
Rod; 703 E. 24th Street, Houston, Texas 77008 (US).
LIU, Zhanke; 15270 Voss Rd, Apt 335, Sugar Land,
Texas 77498 (US). BAZAN, Pete, Jr.; 106 Winding Rd.,
Friendswood, Texas 77546 (US). DAVIS, Jabus Talton;
23338 Dunhill Court, Katy, Texas 77494 (US).

Agents: WARFFORD, Rodney V. et al.; 10001 Rich-
mond Avenue, IP Administration Center of Excellence,
Room 4720, Houston, Texas 77042 (US).

62y

84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN,
KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2013/070446 PCT/US2012/062098

COMPLETION METHOD FOR STIMULATION OF MULTIPLE INTERVALS
BACKGROUND

[0001] Hydrocarbon fluids are obtained from subterranean geologic formations,
referred to as reservoirs, by drilling wells that penetrate the hydrocarbon-bearing
formations. In some applications, a well is drilled through multiple well zones and each
of those well zones may be treated to facilitate hydrocarbon fluid productivity. For
example, a multizone vertical well or horizontal well may be completed and stimulated at
multiple injection points along the well completion to enable commercial productivity.
The treatment of multiple zones can be achieved by sequentially setting bridge plugs
through multiple well interventions. In other applications, drop balls are used to open
sliding sleeves at sequential well zones with size-graduated drop balls designed to engage

seats of progressively increasing diameter.

SUMMARY

[0002] In general, the present disclosure provides a methodology and system for
stimulating or otherwise treating multiple intervals/zones of a well by controlling flow of
treatment fluid via a plurality of flow control devices. The flow control devices are
provided with internal profiles and flow through passages. Hydraulic darts are designed
for selective engagement with the internal profiles of specific flow control devices, and
cach dart may be moved downhole for engagement with and activation of a specific flow

control device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Certain embodiments will hereafter be described with reference to the
accompanying drawings, wherein like reference numerals denote like elements. It should
be understood, however, that the accompanying figures illustrate only the various
implementations described herein and are not meant to limit the scope of various

technologies described herein, and:
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[0004] Figure 1 is a schematic illustration of an example of a well system
comprising a plurality of flow control devices that may be selectively actuated, according

to an embodiment of the disclosure;

[0005] Figure 2 is a schematic illustration of flow control devices engaged by

corresponding hydraulic darts, according to an embodiment of the disclosure;

[0006] Figure 3 is a cross-sectional illustration of an example of a flow control

device, according to an embodiment of the disclosure;

[0007] Figure 4 is a graphical representation illustrating the time delay in pressure
buildup used to actuate an embodiment of a hydraulic dart, according to an embodiment

of the disclosure;

[0008] Figure 5 is a cross-sectional view of an example of a hydraulic dart,

according to an embodiment of the disclosure;

[0009] Figure 6 is a cross-sectional view of the hydraulic dart illustrated in Figure

4 but in a different operational position, according to an embodiment of the disclosure;

[0010] Figure 7 is a cross-sectional view of the hydraulic dart illustrated in Figure

4 but in a different operational position, according to an embodiment of the disclosure;

[0011] Figure 8 is a cross-sectional view of an alternate embodiment of a

hydraulic dart, according to an embodiment of the disclosure;

[0012] Figure 9 is a cross-sectional view of another alternate embodiment of a

hydraulic dart, according to an embodiment of the disclosure;
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[0013] Figure 10 is a cross-sectional view of the hydraulic dart illustrated in
Figure 9 positioned adjacent an internal profile of a flow control device, according to an

embodiment of the disclosure;

[0014] Figure 11 is a cross-sectional view of the hydraulic dart illustrated in
Figure 9 but in a different operational position, according to an embodiment of the

disclosure;

[0015] Figure 12 is a cross-sectional view of an alternate embodiment of the

hydraulic dart, according to an embodiment of the disclosure;

[0016] Figure 13 is a cross-sectional view of the hydraulic dart illustrated in
Figure 12 engaging an internal profile of a flow control device, according to an

embodiment of the disclosure;

[0017] Figure 14 is a cross-sectional view of the hydraulic dart illustrated in
Figure 12 but in a different operational position, according to an embodiment of the

disclosure;

[0018] Figure 15 is a cross-sectional view of the hydraulic dart illustrated in
Figure 12 but in a different operational position, according to an embodiment of the
disclosure; and

[0019] Figure 16 is a cross-sectional view of an alternate embodiment of the

hydraulic dart, according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0020] In the following description, numerous details are set forth to provide an

understanding of some illustrative embodiments of the present disclosure. However, it
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will be understood by those of ordinary skill in the art that the system and/or
methodology may be practiced without these details and that numerous variations or

modifications from the described embodiments may be possible.

[0021] The disclosure herein generally relates to a system and methodology
which facilitate multi-zonal completion and treatment of a well. For example, the
methodology may comprise completing multizone vertical wells and/or horizontal wells
that benefit from stimulation at multiple injection points along the wellbore to achieve
commercial productivity. The individual well zones can be subjected to a variety of well
treatments to facilitate production of desired hydrocarbon fluids, such as oil and/or gas.
The well treatments may comprise stimulation treatments, such as fracturing treatments,
performed at the individual well zones. However, a variety of other well treatments may
be employed utilizing various types of treatment materials, including fracturing fluid,
proppant materials, slurries, chemicals, and other treatment materials designed to enhance
the productivity of the well. The present approach to multi-zonal completion and
treatment reduces completion cycle times, increases or maintains completion efficiency,

improves well productivity, and increases recoverable reserves.

[0022] Also, the well treatments may be performed in conjunction with many
types of well equipment deployed downhole into the wellbore. For example, various
completions may employ a variety of flow control devices which are used to control the
lateral flow of fluid out of and/or into the completion at the various well zones. In some
applications, the flow control devices are mounted along a well casing to control the flow
of fluid between an interior and exterior of the well casing. However, flow control
devices may be positioned along internal tubing or along other types of well
strings/tubing structures deployed in the wellbore. The flow control devices may
comprise sliding sleeves, valves, and other types of flow control devices which may be

actuated by a member dropped down through the tubular structure.

[0023] Referring generally to Figure 1, an example of one type of application

utilizing a plurality of flow control devices is illustrated. The example is provided to
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facilitate explanation, and it should be understood that a variety of well completion
systems and other well or non-well related systems may utilize the methodology
described herein. The flow control devices may be located at a variety of positions and in
varying numbers along the tubular structure depending on the number of external zones

to be treated.

[0024] In Figure 1, an embodiment of a well system 20 is illustrated as
comprising downhole equipment 22, e.g. a well completion, deployed in a wellbore 24.
The downhole equipment 22 may be part of a tubing string or tubular structure 26, such
as well casing, although the tubular structure 26 also may comprise many other types of
well strings, tubing and/or tubular devices. Additionally, downhole equipment 22 may
include a variety of components, depending in part on the specific application, geological
characteristics, and well type. In the example illustrated, the wellbore 24 is substantially
vertical and tubular structure 26 comprises a casing 28. However, various well
completions and other embodiments of downhole equipment 22 may be used in a well
system having other types of wellbores, including deviated, e.g. horizontal, single bore,

multilateral, cased, and uncased (open bore) wellbores.

[0025] In the example illustrated, wellbore 24 extends down through a
subterranean formation 30 having a plurality of well zones 32. The downhole equipment
22 comprises a plurality of flow control devices 34 associated with the plurality of well
zones 32. For example, an individual flow control device 34 may control flow from
tubular structure 26 into the surrounding well zone 32 or vice versa. In some
applications, a plurality of flow control devices 34 may be associated with each well zone
32. By way of example, the illustrated flow control devices 34 may comprise sliding
sleeves, although other types of valves and devices may be employed to control the

lateral fluid flow.

[0026] As illustrated, each flow control device 34 comprises a seat member 36
designed to engage a dart 38 which is dropped down through tubular structure 26 in the
direction illustrated by arrow 40. Each dropped dart 38 may be hydraulically controlled
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to selectively engage a specific seat member 36 of a specific flow control device 34 to
enable actuation of that specific flow control device 34. For example, the hydraulic
control may be exercised via hydraulic pressure and/or flow rate acting against the dart
38 and controlled from a surface location. Engagement of the dart 38 with the specific,
corresponding seat member 36 is not dependent on matching the diameter of the seat
member 36 with a diameter of the dart 38. In the embodiment of Figure 1, for example,
the plurality of flow control devices 34 and their corresponding seat members 36 may be
formed with longitudinal flow through passages 42 having diameters which are of
common size. This enables maintenance of a relatively large flow passage through the

tubular structure 26 across the multiple well zones 32.

[0027] In the example illustrated, each seat member 36 comprises a profile 44,
such as a lip, ring, unique surface feature, recess, or other profile which is designed to
engage a corresponding engagement feature 46 of the dart 38. By way of example, the
profile 44 may be formed in a sidewall 48 of seat member 36, the sidewall 48 also
serving to create longitudinal flow through passage 42. In some applications, the
engagement feature 46 is controlled by a hydraulically actuated mandrel which may be
moved relative to a surrounding dart housing according to hydraulic input, e.g. hydraulic
pressure and/or flow rate. The engagement feature 46 may be selectively actuated at a
desired corresponding flow control device to prevent passage of the dart 38 and to enable

shifting/actuation of that specific flow control device 34.

[0028] Referring generally to Figure 2, a schematic example of a system and
methodology for treating multiple well zones is illustrated. In this example, each flow
control device 34 is actuated by movement of the seat member 36 once suitably engaged
by a corresponding dart 38. Each seat member 36 comprises profile 44 which can be
engaged by actuating the engagement feature 46 of dart 38 after dart 38 is delivered
downhole from a surface location 50 (see Figure 1). Because seating of the dart 38 is not
dependent on decreasing seat diameters, a diameter 52 of each flow through passage 42
may be the same from one seat member 36 to the next. This enables construction of darts

38 having a common diameter 54 when in a radially contracted configuration during
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movement down through tubular structure 26 prior to actuation of the engagement feature

46 to a radially outward, locked position.

[0029] In one example of a multizone treatment operation, the darts 38 are
selectively, hydraulically actuated in a manner enabling engagement of seat members 36
sequentially starting at the lowermost or most distal flow control device 34. The dart 38
initially dropped is pumped down through flow control devices 34 until the engagement
feature 46 is actuated radially outwardly into engagement with the profile 44 of the
lowermost seat member 36 illustrated in the example of Figure 2. Once the initial dart 38
is seated in the distal seat member 36 and the engagement feature 46 is locked, pressure
is applied through the tubular structure 26 and against the dart 38 to transition the seat
member 36 and the corresponding flow control device 34 to a desired operational
configuration. For example, the flow control device 34 may comprise a sliding sleeve
which is transitioned to an open flow position to enable outward flow of a fracturing

treatment or other type of treatment into the surrounding well zone 32.

[0030] After the initial well zone is treated, a subsequent dart 38 is dropped down
through the flow through passages 42 of the upper flow control device or devices 34 until
the engagement feature 46 is actuated and locked outwardly into engagement with the
next sequential profile 44 of the next sequential flow control device 34. Pressure may
then again be applied down through the tubular structure 26 to transition the flow control
device 34 to a desired operational configuration which enables application of a desired
treatment of the surrounding well zone 32. A third dart 38 may then be dropped for
actuation and engagement with the seat member 36 of the third flow control device 34 to
enable actuation of the third flow control device and treatment of the surrounding well
zone. This process may be repeated as desired for each additional flow control device 34
and well zone 32. Depending on the application, a relatively large number of darts 38 is
casily deployed to enable actuation of specific flow control devices along the wellbore 24

for the efficient treatment of multiple well zones.
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[0031] The methodology may be used in cemented or open-hole completion
operations, and darts 38 are used as free fall and/or pump-down darts to selectively
engage and operate sliding sleeves or other types of flow control devices 34.

Additionally, the darts 38 may be designed to enable immediate flow back independent of
chemical processes or milling to remove plugs. In open-hole applications, hydraulic set
external packers or swellable packers may be used to isolate well zones along wellbore

24.

[0032] In one example of an application, the flow control devices 34 are sliding
sleeve valves which are initially run-in-hole with the casing 28 to predetermined injection
point depths for a fracture stimulation. A casing cementation operation is then performed
utilizing, for example, standard materials and procedures. In open-hole applications,
open-hole packers may be used instead of cementation. Prior to fracture stimulation, a
pressure activated sliding sleeve valve set opposite the deepest injection point is opened
or, alternatively, this interval can be perforated using a variety of perforating techniques.
In other applications, the sliding sleeve valve at the deepest injection point may be

opened via the initial dart 38.

[0033] After creating the desired opening or openings at the deepest injection
point, fracture treatment fluid is pumped into this first interval. During a treatment flush,
a dart 38 is pumped down and this initial dart is actuated to engage a specific sliding
sleeve 34. In some applications, the first interval may not be fracture treated but instead
used to allow pumping down the first dart 38. When the dart 38 engages, fluid is pumped
to increase pressure until the sliding sleeve 34 shifts to an open position. At this stage,
the fracture treatment fluid is pumped downhole and into the surrounding well zone 32.
This process of launching darts 38 in the treatment flush is continued until all of the
intervals/well zones 32 are treated. The well may be flowed back immediately or shut-in
for later flow back. The darts 38 may later be removed via milling, dissolving, or
through other suitable techniques to restore the unrestricted internal diameter of the

casing.
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[0034] The flow control devices 34 may comprise a variety of devices, including
sliding sleeves. One example of a flow control device/sliding sleeve valve 34 is
illustrated in Figure 3. In this embodiment, the sliding sleeve valve 34 comprises a
ported housing 56 designed for running into the well with the casing 28. The housing 56
comprises at least one flow port 58 to enable radial or lateral flow through the housing 56
between an interior and an exterior of the housing. The housing 56 also may comprise
end connections 60, ¢.g. casing connections, for coupling the housing 56 to the casing 38

or to another type of tubular structure 26.

[0035] In the embodiment illustrated, seat member 36 is in the form of a sliding
sleeve 62 slidably positioned along an interior surface of the housing 56 between
containment features 64. During movement downhole, the sliding sleeve 62 may be held
in a position covering flow ports 58 by a retention member 66, such as a shear screw.
The sliding sleeve 62 further comprises profile 44 designed to engage the engagement
feature 46 of a dart 38 when the engagement feature 46 is in an actuated position. In
some applications, the sliding sleeve 62 may comprise a secondary profile 68 designed to
engage, for example, a suitable shifting tool. The secondary profile 68 provides an
alternative way to open or close the sliding sleeve valve 34. When a designated dart 38 is
engaged with profile 44 via engagement feature 46, application of pressure against the
dart 38 causes retention member 66 to shear or otherwise release, thus allowing sliding
sleeve 62 to transition along the interior of housing 56 until ports 58 are opened to lateral
fluid flow. The seated dart 38 also isolates the casing volume below the sliding sleeve

valve 34.

[0036] According to various environments described herein, the hydraulic darts
38 may be controlled from the surface using gross changes to flow or pressure. Both
flow change and pressure change types of hydraulic darts 38 generally are designed so
that a dart will temporarily seat against profile 44 and then pass through the flow control
device 34 after a certain pressure is exceeded, e.g. after an applied pressure is sufficient
to flex a collet carrying engagement feature 46. In one embodiment of pressure

controlled hydraulic darts, a mandrel is moved relative to a collet in response to a
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pressure differential across the dart 38. A spring member is used to counter movement of
the mandrel by pushing the mandrel in an uphole direction. The stiffness of the spring
member is selected such that it will compress at a differential pressure (delta P) less than
that required to push the engagement feature 46 past the internal profile 44. An orifice is
used to regulate the flow of control fluid between two sides of a piston attached to the
mandrel. Additionally, a check valve may be provided in parallel with the orifice to

allow the mandrel to move back to its rest position at a quicker rate.

[0037] The orifice introduces a timing factor. For example, a certain amount of
time is required for the mandrel to complete its motion and to lock the engagement
feature 46 in place. If the pressure differential increases during the mandrel transition
interval, the dart 38 is moved through the flow control device 34 and re-set.
Additionally, a dart 38 that has been set by locking engagement feature 46 for interaction
with profile 44 can be released by dropping the pressure below a spring pressure level
and waiting a predetermined period of time to allow the mandrel to re-set. Once re-set,
an increase in the pressure difference above the pressure differential needed to move the
engagement feature 46 past the internal profile 44 allows the dart 38 to be pumped
through that particular flow control device. In Figure 4, a graphical representation is
provided to express the relationship between pressure and time used either to actuate the
engagement feature 46 for engagement with profile 44 and actuation of the flow control
device 34, e.g. a frac sleeve, or to enable the dart 38 to be pumped past the flow control

device 34.

[0038] Referring generally to Figure 5, an example of hydraulic dart 38 is
illustrated. In the illustrated embodiment, pressure differentials may be created from a
surface location and used to actuate the dart 38 for retention at a specific flow control
device 34 or to move the dart 38 past the flow control device 34. The hydraulic dart 38
may comprise a hydraulic actuation system 69 comprising a mandrel 70 slidably mounted
within a surrounding dart housing 72. The mandrel 70 may have an open interior 74
which forms part of an overall dart flow through passage 76. The mandrel 70 may be

sealingly engaged with the surrounding dart housing 72 via at least one mandrel seal 78.

10
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Additionally, mandrel 70 is coupled to a locking member 80, such as a locking ring or
shoulder, positioned to engage and lock the engagement feature 46 in a radially outward
position when mandrel 70 is transitioned linearly to an actuated position. By way of
example, engagement feature 46 may be mounted on a collet 82 coupled to or formed as

part of dart housing 72.

[0039] Within open interior 74, a ball or other type of flow blocking member 84
is positioned to seat against an internal seat 86 within mandrel 70. The flow blocking
member 84 and internal seat 86 cooperate to function as a check valve which allows
pressure to be applied in a downhole direction while allowing flow back in an uphole
direction. Pumping down fluid against dart 38 and member 84 tends to shift mandrel 70
with respect to the dart housing 72, as illustrated in Figure 6. However, this relative
movement of mandrel 70 is resisted by a spring member 88 located, for example,

between a shoulder 90 of mandrel 70 and a lead end 92 of dart 38.

[0040] The illustrated example of dart 38 further comprises an internal cavity 94
containing an internal fluid 96, e.g. hydraulic fluid, which passes through an orifice 98 as
mandrel 70 is moved relative to dart housing 72. The orifice 98 controls locking of
engagement feature 46 according to a predetermined pressure and time period. For
example, pressure from above may be applied against dart 38 to create a pressure
differential sufficient to overcome spring member 88 without pushing engagement
feature 46 and collet 82 past the internal profile 44. While this pressure level is held, the
mandrel 70 is transitioned relative to dart housing 72 until locking member 80 locks
engagement feature 46 and collet 82 in the radially outward position against internal
profile 44, as illustrated in Figure 7. In this locked position, the pressure differential can
be increased to cause dart 38 to shift the flow control device 34/sliding sleeve 62 to a

desired position.

[0041] If the pressure differential is sufficiently decreased, spring member 88 is
able to shift mandrel 70 with respect to dart housing 72 back to its original re-set

position. A check valve 100 may be employed to enable faster return of the mandrel 72

11
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its original position by allowing a freer flow of the internal dart fluid 96 as the mandrel
70 transitions back through dart housing 72. In the embodiment illustrated, a
compensator piston 102 also is positioned within internal cavity 94 and acts against
internal fluid 96. The compensator piston 102 can move to allow the total volume of
internal fluid 96, e.g. oil, in the dart 38 to change due to, for example, thermal expansion.
In an alternate embodiment, the compensator piston 102 may be located above or on an
opposite side of orifice 98, as illustrated in Figure 8. In this latter embodiment, the
compensator piston 102 is positioned so it will not be moved by the pressure across the
orifice 98 during cycling. In this example, the compensator piston 102 has an inside

diameter which matches the outside diameter of the mandrel seal 78.

[0042] In the table below, various states of the mandrel 70 and the corresponding
functions of dart 38 are set forth based on the pressure differential applied to the dart. In
this example, the pressure differential may be lower or higher than the pressure
differential required to compress spring member 88, to flex collet 82 (i.e. move
engagement feature 46 past the internal profile 44), and/or to shear the shear member 66
of the flow control device 34 engaged by the dart 38. Various pressure differentials,

mandrel states, and dart functions can be provided as follows:

Pressure differential is Mandrel state
Lower than spring, collet, and shear Up/unlocked Dart will stay in sleeve
SCIews
Lower than spring, collet, and shear Down/locked Dart will stay in sleeve, mandrel will
SCIews move up
Higher than spring, lower than collet, | Up/unlocked Dart will stay in sleeve, mandrel will
lower than shear screws move down
Higher than spring, lower than collet, | Down/locked Dart will stay in sleeve, mandrel will
lower than shear screws stay down
Higher than spring and collet, lower Up/unlocked Dart will pass through
than shear screws
Higher than spring and collet, lower Down/locked Dart will stay in sleeve, mandrel will
than shear screws stay down
Higher than spring, collet, and shear Up/unlocked Dart will pass through
SCrews
Higher than spring, collet, and shear Down/locked Screws will shear and sleeve will
SCIews open
[0043] Referring generally to Figures 9-11, an alternate embodiment of the

hydraulic dart 38 is illustrated. In this embodiment, the compensator piston 102 has an
outside diameter that matches the outside diameter of the mandrel seal 78. Additionally,

the spring member 88 is located within internal cavity 94 containing internal fluid 96, e.g.

12
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hydraulic oil. Otherwise, the functionality of the alternate hydraulic dart 38 is
substantially similar to that described above with reference to the embodiments of

Figures 4-8.

[0044] For example, the hydraulic dart 38 may be pumped down through the
casing 38 or other tubular structure in and un-actuated configuration, as illustrated in
Figure 9. When the engagement feature 46 contacts the internal profile 44 of a given
flow control device 34, a rapid increase in pressure can be used to move the engagement
feature past the internal profile 44, as illustrated in Figure 10. However, a maintained
pressure differential sufficient to compress spring member 88 without forcing
engagement feature 46 past the internal profile 44 allows shifting of mandrel 70 to
actuate the hydraulic dart 38 by moving the locking member 80 into a position adjacent
the engagement feature 46, as illustrated in Figure 11. This locks the engagement feature
46 in a radially outward position and prevents it from passing through the flow control
device. In this configuration, increased pressure can be used to actuate/shift the flow

control device 34.

[0045] Referring generally to Figures 12-15, another alternate embodiment of the
hydraulic dart 38 is illustrated. In this embodiment, the hydraulic dart 38 is flow
controlled instead of pressure controlled. As illustrated in Figure 12, the internal flow
blocking member 84 is in the form of a velocity fuse 104 instead of a simple ball or
similar flow blocking member. Below a predetermined rate of flow, the flow blocking
member 84, e.g. velocity fuse 104, is held open by a spring 106. Once the predetermined
flow rate is exceeded, the drag force on the velocity fuse 104 forces it to compress the
spring 106. As the velocity fuse 104 moves close to the seat 86, the force on the velocity
fuse 104 increases in a positive feedback cycle which causes rapid movement toward and

against the seat 86.

[0046] The velocity fuse 104 remains against seat 86 as long as the pressure
above the velocity fuse 104 is higher than below. If the pressure differential is reduced to

a level which allows the spring 106 to push the velocity fuse off the corresponding seat

13
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86, the flow blocking member 84 is again shifted to an open position. If the available
flow is less than the predetermined flow rate, the flow blocking member 84/velocity fuse

104 remains open.

[0047] A pressure differential is produced by the fluid flowing through the
velocity fuse 104. If this pressure differential times the area of the mandrel seal 78
exceeds the spring preload of spring member 88, the mandrel 70 is shifted and spring
member 88 is compressed. This flow rate can be referred to as the spring flow rate.
Similarly, there is a predetermined flow rate which creates a sufficient pressure
differential so that engagement feature 46 can be moved past the internal profile 44, e.g.
the collet 82 can collapse to allow passage of the engagement feature 46. This flow rate

can be referred to as the collet flow rate.

[0048] In operation, the dart 38 is dropped or pumped down until the engagement
feature 46 engages the internal profile 44 of a flow control device 34, as illustrated in
Figure 13. If the flow rate is increased to the spring flow rate, spring member 88 is
compressed and mandrel 70 is shifted until locking member 80 locks engagement feature
46 in the radially outward position, as illustrated in Figure 14. The flow rate may then be
increased to close the velocity fuse 104 which enables application of pressure against the
dart 38 to shift the flow control device 34 to a different operational position, as illustrated
in Figure 15. Of course, if the flow rate is rapidly increased before the mandrel 70 is
shifted, the pressure differential overcomes the collet 82 and moves the dart 38 past
profile 44 and past the corresponding flow control device 34. Shifting of the mandrel 70
and actuation of the hydraulic dart 38 involves a time factor or time period to allow
transition of mandrel 70 and locking of engagement feature 46, as described above and as

illustrated in the graph of Figure 4.

[0049] In the table below, various states of the mandrel 70 and the velocity fuse
104 along with the corresponding functions of dart 38 are set forth based on the flow rate
conditions applied to the dart. In this example, the flow rate may be lower or higher than

required to compress spring member 88, to flex collet 82 (i.e. move engagement feature
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46 past the internal profile 44), and/or to close the velocity fuse 104. Various flow rate

conditions, mandrel states, velocity fuse states, and dart functions can be provided as

follows:
Conditions Mandrel state Velocity Results
Fuse
Flow below spring, collet, Up/unlocked Open Dart stay in the sleeve, mandrel stays up
and fuse rates
Flow below spring, collet, Down/locked Open Dart stays in the sleeve, mandrel moves up
and fuse rates and unlocks
Flow above spring rate but | Up/unlocked Open Dart stays in the sleeve, mandrel moves down
below collet and fuse rates and locks
Flow above spring rate but | Down/locked Open Dart stays in the sleeve, mandrel stays down
below collet and fuse rates and locked
Flow above the spring and | Up/unlocked Open Dart passes through
collet rates but below the
fuse rate
Flow above the spring and | Down/locked Open Dart stays in the sleeve, mandrel stays down
collet rates but below the and locked
fuse rate
Flow above the spring, Up/unlocked Open Dart passes through, velocity fuse closes
collet, and fuse rates momentarily.
Flow above the spring, Down/locked Open Dart stays in the sleeve, mandrel stays down
collet, and fuse rates and locked, velocity fuse closes
Flow above the spring, Down/locked Closed Dart stays in the sleeve, mandrel stays down
collet, and fuse rates and locked, velocity fuse stays closed, frac
sleeve opens

If the flow control dart 38 is set in the wrong flow control device/sliding sleeve 34, the
dart 38 may be released by sufficiently lowering the flow rate to release the collet

82/engagement feature 46 from locking member 80.

[0050] In some applications, the hydraulic darts 38 may be modified to add a
pressure relief valve in parallel with the orifice 98 to allow high flows/pressures to lock
the dart 38 more quickly. Additionally, the darts 38 may be used with feedback systems
to track the darts position at the surface. For example, each passage of the dart 38
through a corresponding internal profile 44 generates a pressure pulse that can be counted
at the surface. Additionally, when dart 38 is set or locked in engagement with a
corresponding internal profile 44, the dart can serve as a two-way reflector which can be
pinged from the surface to verify position before committing to a final pressure increase

to open or otherwise change the configuration of the flow control device.

[0051] Referring generally to Figure 16, another alternate dart configuration is

illustrated. In this embodiment, cach dart 38 is designed with electronics to count the
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number of times dart 38 passes through an internal profile 44 to facilitate actuation of the
dart at the desired flow control device 34. In this example, the dart 38 comprises a sensor
108 which senses the change in internal pressure each time dart 38 encounters an internal
profile 44 of a sliding sleeve 34 or other flow control device. The delay section pressure
increases such that the electronic sensor 108 can detect the passage and electronics 110
can be used to count the number of sliding sleeves or other flow control devices 34
traversed by the dart 38. Just prior to engaging the specific, desired flow control device
34, electronics 110 activates a solenoid valve 112 which, in turn, opens a bypass 114 that
serves to bypass the restrictor valve. This allows the locking member 82 to actuate the
dart 38 by locking the collet 82/engagement feature 46, thus permitting actuation of the
flow control device 34. Power may be supplied to electronics 110 and to solenoid valve

112 by a power source 116, such as a battery.

[0052] The system and methodology described herein may be employed in non-
well related applications which require actuation of devices at specific zones along a
tubular structure. Similarly, the system and methodology may be employed in many
types of well treatment applications and other applications in which devices are actuated
downhole via dropped darts without requiring any changes to the diameter of the internal
fluid flow passage. Different well treatment operations may be performed at different
well zones without requiring separate interventions operation. Sequential darts may
simply be dropped into engagement with specific well devices for actuation of those
specific well devices at predetermined locations along the well equipment positioned

downhole.

[0053] Although only a few embodiments of the system and methodology have
been described in detail above, those of ordinary skill in the art will readily appreciate
that many modifications are possible without materially departing from the teachings of
this disclosure. Accordingly, such modifications are intended to be included within the

scope of this disclosure as defined in the claims.
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CLAIMS

What 1s claimed is:

1. A method of treating a plurality of well zones (32), comprising:

providing each flow control device (34) of a plurality of flow control
devices (34) with an internal profile (44) and a flow through passage (42);

locating the plurality of flow control devices (34) along a casing (38) in a
wellbore (24); and

selecting a plurality of darts (38) constructed for engagement with the
internal profile (44) of specific flow control devices (34) of the plurality of flow
control devices (34);

releasing each dart (38) of the plurality of darts (38) for engagement with
the internal profile (44) of the specific flow control device (34);

selectively actuating each dart (38) downhole to engage the internal profile
(44) of the specific flow control device (34) by controlling the fluid acting on the
dart (38) over a predetermined time period; and

creating a fluid barrier via engagement with the internal profile (44) for

enabling a stimulation operation.

2. The method as recited in claim 1, wherein providing comprises providing a

plurality of sliding sleeves (34).

3. The method as recited in claim 1, wherein providing comprises providing each
flow through passage (42) of each flow control device (34) with the same
diameter (52).

4. The method as recited in claim 1, wherein selecting comprises constructing each

dart (38) of the plurality of darts (38) with a check valve (84, 86) oriented to
allow fluid flow back through the flow through passage (42).
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10.

11.

12.

The method as recited in claim 1, wherein selectively actuating comprises
controlling each dart (38) from the surface (50) via changes in pressure of the

fluid acting against the dart (38).

The method as recited in claim 1, wherein selectively actuating comprises
controlling each dart (38) from the surface (50) via changes in flow of the fluid
acting against the dart (38).

The method as recited in claim 1, wherein selectively actuating comprises shifting
a mandrel (70) within a housing (72) to lock an engagement feature (46) in a
position for engagement with the internal profile (44) of a desired flow control

device (34).

The method as recited in claim 7, wherein selectively actuating comprises
controlling the rate of shifting of the mandrel (70) via using an orifice (98) to

restrict flow of an internal fluid (96).

The method as recited in claim 8, further comprising resisting shifting of the

mandrel (70) with a spring member (88).

The method as recited in claim 9, further comprising placing a check valve (100)
in parallel with the orifice (98) to facilitate return of the mandrel (70) to an

original rest position.

The method as recited in claim 7, further comprising providing an abrupt increase
in pressure prior to the mandrel (70) locking the engagement feature (46) to

enable movement of the dart (38) past the flow control device (34).

The method as recited in claim 7, further comprising providing an abrupt increase
in flow rate prior to the mandrel (70) locking the engagement feature (46) to

enable movement of the dart (38) past the flow control device (34).
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13.

14.

15.

16.

17.

18.

The method as recited in claim 8, further comprising exposing the internal fluid

(96) to a compensator piston (102).

A system (20) for use in treating a well, comprising:

a dart (38) having an engagement member (46) shaped to engage an
internal profile (44) of a flow control device (34) located in a well completion
(22) having a plurality of flow control devices (34), the dart (38) further
comprising a mandrel (70) slidably mounted in a dart housing (72) such that
shifting of the mandrel (70) is used to secure the engagement member (46) for
sealing engagement with the internal profile (44) of a desired flow control device
(34) to create a fluid barrier at the flow control device (34), the rate of shifting the

mandrel (70) being controlled by restricting flow of an internal dart fluid (96).

The system as recited in claim 14, wherein the rate of shifting the mandrel (70) is

controlled by an orifice (98).

The system as recited in claim 14, wherein the dart (38) further comprises a

compensator piston (102) exposed to the internal dart fluid (96).

The system as recited in claim 14, wherein the dart (38) further comprises a flow
through passage (76) extending through the mandrel (70) and a check valve (84,
86) for selectively blocking flow through the flow through passage (76).

A method, comprising:

deploying a multizone well stimulation system (20) into a wellbore (24)
with a plurality of flow control devices (34);
providing each dart (38) of a plurality of darts (38) with a hydraulic

actuation system (69) which is hydraulically manipulated via changes in flow rate
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19.

20.

or pressure acting on the dart (38) through the multizone well stimulation system
(20);

releasing individual darts (38) into the multizone well stimulation system
(20) for engagement with the predetermined flow control device (34); and

using the changes in flow rate or pressure to actuate the dart (38) into
engagement with a predetermined flow control device (34) of the plurality of flow
control devices (34), thus enabling actuation of the predetermined flow control

device (34) to a different operational position.
The method as recited in claim 18, wherein providing comprises providing each
dart (38) with a mandrel (70) which is selectively moved hydraulically through a

dart housing (72) to lock an engagement feature (46) into an engagement position.

The method as recited in claim 19, wherein movement of the mandrel (70) is

controlled by restricting flow of an internal dart fluid (96) via an orifice (98).
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