(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 2013/033659 Al

7 March 2013 (07.03.2013) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
E21B 34/08 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Aoolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
@1 TInternational Application Number: CT/US2012/053554 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,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
31 August 2012 (31.08.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
13/223,909 1 September 2011 (01.09.2011) Us
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant (for all designated States except US): TEAM kind of regional protection available): ARIPO (BW, GH,
Qil Tools, L.P. [US/US]; 1400 Woodloch Forest Drive, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Suite 500, The Woodlands, TX 77380 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK
(72) Inventors; and > > ’ ’ ’ 2 d i > >
(75) Inventors/Applicants (for US only): SOMMERS, Mi- EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
. MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
chael, T. [US/US]; 4404 West Kent Circle, Broken Arrow, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW.
OK 74012 (US). JACKSON, Stephen, L. [US/US]; 2018 ML.MR. NE S,N ™ "fG) > > e ’
Quarterpath Drive, Richmond, TX 77406 (US). i P T '
(74) Agent: TUMEY, Tod, T.; P.O. Box 22188, Houston, TX T UPlished:

77227-2188 (US).

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

(54) Title: VALVE FOR HYDRAULIC FRACTURING THROUGH CEMENT OUTSIDE CASING

N =
|
i

FIG. 1

wo 2013/033659 A 1[I N0FV R0 OO 00O

(57) Abstract: A valve for use in fracing through cement casing in a well allows for flow of cement down the well during the ce-
menting process and in the open position allows for fracing fluid to be directed through the cement casing for fracturing the forma -
tion adjacent the valve. The valve is constructed so as to reduce the likelihood of the valve to jam as a result of cement or other for-
eign material.
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VALVE FOR HYDRAULIC FRACUTURING THROUGH
CEMENT QUTSIDE CASING

Buackground of Invention

Field of the lovention

This wvention is dircoted 1o a valve otilized for hydrautically fracturing maltiple
zones in an oil and gas well without perforating the coment casing. A relatively new oilipas
well completion wethod involves the use of a valve that is jostalled as part of the casing
string of the well and provides for cement flow within the casing when the valve eloment is
in a closed position and allows for axial flow of fracturing fluid through the cement casing
fracture the formation pear the vabve. The invention disclosed berein is an inmproved valve
used in this process.

Deseription of Related Axt

Current desigos for valves used i the completion method disclosed above ave prone
to failure because coment or other debris interferes with the opening of the valve after the
cementing process has been completed. Portions of the sliding sleeve or pistons conumonly
used are exposed to either the flow of cement or the cement Howing between the well bore
and the casing string.

BRIEF SUMMARY OF THE INVENTION

The valve aceording to the invention overcomes the difficulties deseribed above by
iscdating a sliding sleove between an outer housing and an imer mandrel. A rupture disk in
the mner mandrel ruptores at 8 selected pressure. Pressure will then act against one end of
the shiding sleeve and shift the sleeve to an open position so that fracturing fluid will be
directed against the coment casing.  The shiding sleeve includes a locking ring nut to prevent
the slegve from shiding back to a closing position.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

FIG, T s a side view of the valve according to one embodiment of the mvention.

FIGL 2 i3 a oross sectional view of the valve in the closed position taken along tine 2-
2ofFiG ]

FIG, 3 ts a oross sectional view of the valve taken along line 3-3 of FIG. 2

FIG4 1 a cross sectional view of the sliding steeve

FIG. 3 318 a cross sectional view of the locking ring holder

FIG. 6 is a cross sectional view of the locking ring

FIG. 7 i an end view of the locking ring

FIG. & is a cross sectional view of the valve in the open position

FIGL 9 ts an enlarged view of the area civcled in FIG. 8.
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DETAILED DESCRIPTION OF THE INVENTION
As shown o FIGL 1, an embodiment of valve 10 of the invention includes a main
housing 13 and two similar end connector portions 11, 12,
Main houasing 13 15 a hollow evhindrical prece with threaded portions 61 at cach end
5  that receive threaded portions 18 of cach end conneclor. End connectors 1 and 12 may be
internally or externally threaded for connection to the casing string. As show in FIG. 2, main
housing 13 includes one or more openings 19, which are surrounded by a cireular protective
cover 48, Cover 40 {s made of a high impact sirength material.
Valve 10 includes a mandrel 30 which is formed as a hollow cylindrical tube
10 extending between end connectors 11, 12 as shown in FIG. 2. Mandrel 30 inclades one or
more apertures 23 that extend through the outer wall of the mandrel. Mandrel 30 alse has an
exterior intermediate threaded portion 310 One or more rupture disks 41, 42 are located in
the mandrel as shown in FIG. 3. Ruplure disks 41, 42 are located within passageways that

exiend between the mmer and outer surtaces ot the mandrel 30, Annular recesses 17 and 27

‘Uz

are provided in the outer sarface of the mandrel for recetving suitable seals.

Mandrel 3 is confingd between end connectors 11 and 12 by engaging a shoulder 15
in the tertor surface of the end connectors.  End comnectors 11 and 12 include
tongitudinally extending portions IR that space apart oster bousing 13 and mandrel 30 thus
formaing a chamber 36, Portions 1X have an anvular recess 32 for rebieving a auntable seal. A
20 shiding sleeve member 20 ix located within chamber 36 and 15 gengrally of 3 hollow
cyhindrical configuration as shown in FIG. 4. The shiding sleeve member 20 mcludes a
smaller diameter portion 24 that is threaded at 66, Also it 1s provided with indentations 43
that receive the end portions of shear ping 21, Shiding sleeve member 20 also includes
annular grooves 16 and 22 that accommodate saitable annudar seals.

A locking ring holder 25 has vatchet tecth 61 and holds locking ring S0 which has
ratchet teeth Ston s outer surface and ratchet teeth 55 on its inner surface shown in FIGL 9.

Locking ring 30 includes an opening at 91 as shown in FIG. 7 which allows 1t to grow in

fot

diameter as the hiding sleeve moves from the closed to open position.

Locking ring holder 25 has sufficient diameter clearance so that the lncking ring can
30 ratchet on the mandrel ratcheting teeth 63 vet never loose threaded contact with the foek ring
holder. Locking ring holder 25 s threaded at 20 for engagement with threads 24 on the
mandrel. Locking ring holder 235 alse has a plurality of bores 46 and 62 for set screws, not
shown,

In use, valve 10 may be connected to the casing string by end connectors 11, 12
One or more valves 10 may be incorporated into the casing string.  After the casing string is
deployed within the well, coment s puroped down through the casing and out the bottom

g
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mito the annulus between the well bore and the casing as typical in the art. After the cement
flow s terminated, a plug or other devics is pumped down to wipe the casing aud valve clean
of residual cement, When the plug or other deviee has Iatched or sealed in the bottont hole
assembly, pressure is mereased to rupture the rupture disk at a predetermined pressure. The

5 fluid pressure will act on sliding slesve member 20 to cause the shear pins o break and then

to move it downward or to the right as shown in FIG. 7, This movement will allow fracing

fhuid to exit via opening 23 in the mandrel and opeaings 19 in the outer housing. The fracing
Huid under pressure will remove protective cover 40 and crack the coment casing and also
fracture the foundation adjacent to the valve 10,
10 Due to the fact that the shiding slesve member 20 is mostly isolated from the cament
flow, the sfeeve will have a fessor tendency to jam or require more pressure for actuation.
In the open position, locking ring 50 engages threads 63 on the mandrel fo prevent
the sleeve rom moving back to the closed position,

A vent 37 13 located in the cafer bousing 13 1o allow air to exit when the valve is

15 being assembled. The vent 37 is closed by a suitable plug after assembly.

Although the present tnvention has been described with respect to specific details, it
is not intended that such details should be reparded as limitations on the scope of the
invention, except {0 the extent that they are included in the sccompanying claims.
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What is claimed is:

1. A valve comprising:
5 4 housing having an opening,

a mandrel posittoned within the housing and baving an opening,

a sliding sleeve disposed between the housing and the mandrel and blocking
fluid communication between the opening in the housing and the opening in the mandred
when the valve ix in the closed position and permitting fluid flow between the openings In

HY the mandrel and the openings in the housing when the valve is in the open position; and

a rupture disk that, upon rupture, permits application of a fluld pressure o
actuate the sliding sleeve between the open and closed positions.

2. A valve as claimed 1n claim 1, wherein the rupture disk is disposed in a wall
of the mandrel.

is 3. A vadve as claimed in claim 1, including an end connector on each end of the
housing for connection bt & casing string in an oil or gas well.

4. A valve as claimed in clam 1| further ielueding 2 protective sleeve covering
the openings in the housing.
S A valve as clatmed in claim 1, wherein the housing and mandrel define a

20 chamber between ther inwhich the shiding sleave is disposed,

6. A method for actuating o valdve, the method comprising:

Howing a fluid through the valve, the valve comprising:

@ housing having one or Mo openings)

a mandrel having one or more openings;

25 a sliding sleeve disposed bebween the bousing and the mandrel and blocking
fluid communication between the opening m the housing and the opening in the mandrel
when the valve s in the closed position and permitting fhuid flow between the opemings in
the mandrel and the openings in the housing when the vadve s 1 the open position; and

a ruptore disk that, upon rupturs, apphies a fluid prossore to moove the stiding

360 sleeve between the open and closed positions;

rupturing the ropture disk at a selected Dhud pressure;

flowing fhud through the ruptured disk;

moving the shiding sleeve responsive o the Nuid pressure bebween the open
and closed positions; and

35 exiting fluid twough the one or more openings of the hosing and mandrel,
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7. The method of claim 6, further comprising cracking a coment casing with the
flaid.
B. The method of claim 6, further comprising pumping coment through the

valve into a wellbore,

9. The method of claim 8, further comprising wiping the valve with a plag.
1 The method of claim 6, wherein the sliding sleeve s isolated between the

housing and the mandrel.
1. A casing string valve for use In fracturing operations, comprising:

a housing having a first opening thersin fluidly connecting the interior of the
housing with the exterior of the housing;

a mandrel having & hore thersthrough defining a cement flow path and
having a sceond opening. the second opening defining with the first opening a fracturing
fHurd flow path between the bore and the exierior of the boustng, the mandrel being disposed
within the housing to define in conjunction with the housing a chamber isolated from the
cement flow path;

a stiding sleeve blocking and unblocking the fractaring flutd Hlow path, the

sliding sleeve disposed between the honsing and the mandrel, at least partially isolated from

the cement How path in the chamber, and actuated by application of Huid pressure applied

through the bore and the third opening.

12 The casing string vabve of claim 11, further comprising a ruptwre disk
disposed within the third opening 1o selectively contrel the application of fluld pressure

through the third opening.
13 A casing string valve gs clatmed in claim 11 including an end connector on
each end of the housing for connection in a casing string in an otl or gas well.
14 A casing string valve as clabmed in clamn 11 fother including a protective
sleeve covertng the openings in the housing,
15, A method for use in hydrauhically fracturing a well, comprising:
disposing a casing string in a wellbore, the casing siring ncloding 3 valve
defining o coment Pow path and a fracturing fluid fow path therethrough, the fracturing
fluid flow pateh being blocked and unblocked by a sliding sleeve of the valve at least
partially isolated from the coment flow path;
cementing the casing string within the wellbore through the coment flow path
white the fracturing Thad low path s blocked;
applying a fluid pressure througl the bore of the valve o actuate the sliding

sleeve and unblock the fracturing fhusd fow path; and
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introducing a fracturing fluid mto the well bore through the fracthuring fluid
flow path.
16, The method of claim 15, whercin the shiding sleeve is at lvast partially
isolated from the cement How path by disposition between a mandrel and a housing in a
5 chamber defined by the mandrel and the housiog that is isolated from the cement flow path.
17, The method of claim 15, further comprising cracking a cement casing with
the introdoced fracturing fuaid.
18, The method of clam 135, further comprising wiping the valve with a plug
after the comenting and prior to applying the fluid pressure.
10 19, The method of claim 15 wherein applying the fuid pressure includes

ruptaring & rupture disd

&
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