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BALL SEAT MILLING AND RE-FRACTURING METHOD

FIELD OF THE INVENTION

[0001] The field of this invention is well refracturing and more
particularly a technique for ball seat remova and re-fracturing through the
open ports at the subterranean location in asingle trip.

BACKGROUND OF THE INVENTION

[0002]  Typica fracturing completions involve a series of diding sleeves
that provide formation access through a series of dropped balls on seats. The
balls start off small to land on the smaller seats further from the well surface
and pressure is built up to slide a sleeve so that a port is opened and the zone
can be fractured through that port. The process is repeated working toward the
well surface and dropping progressively larger balls on progressively larger
seats associated with sleeves that open other ports for a continuation of the
fracturing process until all the sleeves have been shifted open and fracturing
has taken place through each opened sleeve. Each time alarger ball is dropped
on a seat the open sleeves below are isolated and fracturing takes place
through the single just opened deeve with aball in its seat. Some designs of
such seeves allow them to be shifted after fracturing to put a screen at the
open port so that production can commence through the screened and open
port. A shifting tool can be used after the fracturing is complete to close off
the zones that will not be produced. Alternatively the shifting tool can be used
to close producing zones if they produce undesirable fluids or sand. Normally
production brings the balls up to the surface but this is not always the case as
some may get hung up on the seat or seats that are further up.

[0003]  The following patents relate generally to original fracturing and
zone isolation to accomplish fracturing or to removal of barriers used to isolate
zone for fracturing: USP 7,958,940; 6,651,738; 7,591,312; 7,604,055; US
Publication 2011/0220362; US Publication 2011/0067870 and 2011/0114319.
[0004]  The problem that arises if the well has to be re-fractured is that all
the diding sleeve valves with ball seats are still in the wellbore. The dliding
deeve valves could have been open for years and may not close. The presence

of the ball seats can also impede progress of other tools to desired locations
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further down the wellbore. If the well requires refracturing there needs to be a
way to isolate individual open ports so that the refracturing can be focused on
specific ports for greater effectiveness. Additionally if the preparation of the
existing wellbore and the refracturing can occur in a single trip then a greater
advantage is achieved in cost savings. The present method allows the
refracturing to take place after the bottom hole assembly mills up the ball seats
in the existing sliding sleeves. The bottom hole assembly features apacker and
alocating collet that alows the tool to enter a sliding sleeve after its seat has
been milled out and isolate the open port so that a specific open port is
refractured. The process continues up the wellbore until all the desired ports
have had the refracturing process take place so that the bottom hole assembly
can be removed and the well again put into production. These and other
aspects of the present invention will become more readily apparent to a person
skilled in the art from a review of the detailed description and associated
drawings while recognizing that the full scope of the invention is to be
determined by the appended claims.

SUMMARY OF THE INVENTIION

[0005] A well that has a plurdlity of diding sleeves used to originally
fracture multiple zones with balls of increasing size dropped on balls seats to
sequentially open ports for fracturing in a direction toward the well surface is
refractured. The method involves using a bottom hole assembly (BHA) that
has afluid motor driven mill that mills out ball seats and has with it a ported
sub and aresettable packer. Once the lowermost ball seat is milled out aball is
dropped into the BHA to isolate the fluid motor and open aported sub below a
resettable packer. The dropped ball also enables a collet to latch an open
deeve to give a surface signa that the BHA is located properly for packer
deployment so that the refracturing can begin through the coiled tubing string
that can support the BHA or in a surrounding annular space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. lis a schematic depiction of an array of dliding sleeves used
for the initial fracturing;

[0007] FIG. 2 is adetailed view of FIG. 1showing a dliding sleeve valve

in the open position;
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[0008] FIG. 3 schematicaly illustrates the bottom hole assembly that can
be used in the inventive method,;

[0009] FIG. 4 shows an open port in the ported sub that can be used for the
refracturing;

[0010] FIG. 5 shows the locating collet that can be used in the bottom hole
assembly for location purposes near an existing sliding sleeve;

[0011] FIG. 6 shows a dropped ball into the bottom hole assembly to
isolate the downhole motor that drives amill;

[0012] FIG. 7 isadetail of the indicating collet latched to an existing open
Seeve;

[001 3] FIG. 8 shows the indicating collet positioning the open ported sub
near an open diding sleeve with at least one packer deployed so that
refracturing fluid can be directed to the desired open port in an existing diding
Seeve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] FIG. lillustrates a wellbore 10 extending from a wellhead 12 to a
long horizontal run 14. A tubular string 16 has a series of diding sleeves 18
with each one having aball seat 20 where the ball seats get larger as they get
closer to the wellhead 12. Fractures 22 are made sequentially by sequentially
opening ports 24, see FIG. 2, with aball 26 dropped on seat 20. This is done
with sequential use of larger balls so that the smallest ball will shift the sliding
deeve 18 furthest from the wellhead 12 and then the lowermost illustrated
fracture 22 will be made first. The process repeats with progressively larger
balls landing on other ball seats 20 that are closer to the wellhead 12. Each
dropped ball isolates the fractures already made that are further downhole.
After al the fractures 22 are made the well can be produced. Production
sometimes takes al the balls 26 past any ball seats above and out through the
wellhead 12 with the onset of production. If desired a shifting tool can be run
in to close some of the sliding seeves either initialy or at alater point in time
but in most cases this is not done and production proceeds from al the open
ports 24 in the string 16.

[0015]  Atamuch later time when there is aneed to refracture the fractures
22, there is first the need to remove the ball seats 20. The bottom hole
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assembly or BHA to do this is shown in FIG. 2. Coiled tubing 28 is paid out
from a spool 30 and through a gooseneck 32 and through a lubricator 34 that
allows insertion of the BHA into the well 10 with the well still under pressure.
A mill 36 is driven by a downhole progressing cavity or other type of fluid
motor 38 or electric motor if run in on wireline. Suitable anchoring of atype
known in the art can be coupled to the motor to facilitate the milling. A
locating collet assembly 40 is held retracted for run in and during the milling
operation to allow rapid deployment and to protect the assembly 40 from
cuttings that result from the milling out of the ball seats 20. Adjacent the
assembly 40 one configuration that enables refracturing through ports 24 in
the tubular 16 is schematically illustrated. A resettable packer or plug 42 is
shown adjacent a ported sub 44. The order shown can be reversed. The ports
46 in the configuration shown can frac an open port 24 through the annulus 48
if the packer is located below the open port 24 through which the refracturing
will occur. On the other hand with the order reversed so that the packer 42 is
above the ported sub 44 the ports 46 will be used to refracture an open port 24
and the annulus 48 above the packer 42 will be isolated as illustrated in FIG.
8. Another option is to use multiple spaced packers 42 that can straddle an
open port 24 with the ported sub 44 ports 46 in between. The indicating collet
40 can optionally aso be located between the spaced packers 42. FIG. 8 shows
in dashed lines some alternative locations for a tandem packer 42' that can be
to the left or to the right of the indicating collet 40 depending on the spacing of
other nearby components.

[001 6] FIGS. 4-6 illustrate additional details of the BHA. At the end of the
milling out of the ball seats 20 the fluid motor 38 is isolated with a ball 52
dropped on seat 50. The same ball 52 can also shift a deeve 54 in ported sub
44 to open ports 46. Alternatively the sleeve 54 can integrate the ball seat 50
so that the end result after the milling is done is that the motor 38 is isolated
and the ports 46 are open and with the pair of packers 42 and 42' straddling
the port 24 through which the refracturing will take place. The ball 52 can also
trigger the radial release of the indicator assembly 40 which in the preferred
embodiment is shown as a double ended flexible collet 56 that has opposed
engaging surfaces 58 and 60. FIG. 7 shows surface 58 having already moved
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past the open sliding sleeve 18 so that on application of apick up force in the
direction of arrow 62 a surface signal will be given due to the encountered
resistance. It should be noted that on movement initially in a direction
opposite to arrow 62 that surface 60 will cause the collet assembly 56 to
collapse radially inwardly to clear the dliding Sleeve 18.

[0017] The flexible collet 56 is used sequentialy to reposition the BHA
adjacent each of the ports 24 that are to be the refracturing locations until the
job is complete and the BHA shown schematically in FIG. 3 is pulled out of
the hole.

[0018]  Those skilled in the art will appreciate that the method provides for
removal of the ball seats 20 from the dliding sleeves 18 in the same trip as the
positioning and repositioning of the BHA to then refracture through the open
ports 24 in the string 16. The motor 38 is isolated at the conclusion of the
milling and an access port 44 is opened preferably with a ball 52 landing on
seat 50. Depending on whether a single packer 42 or apair of spaced packers
42 and 42' the refracturing is either isolated into a single or multiple ports 24
with the rest of the well isolated or if only a single packer is used then only a
part of the well is isolated depending on the location of the packer 42 with
respect to the port 24.

[0019] The packer 42 or 42' can be set in avariety of ways such as coiled
tubing manipulation, pressure on seated ball 52 or using flow. Although coiled
tubing is preferred the method can aso be performed with rigid tubing or even
on wireline by setting the packer 42 below a port 24 and then pressurizing the
wellbore against the set packer. The wireline will provide the power to the
motor which in this variation will not be aprogressing cavity type of motor.
[0020] While the preferred mode of the method is to remove all the seats
and then isolate at least one port for refracturing from at least one other port in
the string and refracture through all the open ports in that manner, the method
envisions also milling less than all the seats and refracturing through less than
all the available ports in the string.

[0021] The above description is illustrative of the preferred embodiment
and many modifications may be made by those skilled in the art without
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departing from the invention whose scope is to be determined from the literal

and equivalent scope of the claims below:
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| claim:

1.

A re-fracturing method for a subterranean location having aplurality of

valves adjacent ports in a string, said vaves are operable by an object

delivered to a seat thereon, comprising:

removing at least one seat associated with said valves;

isolating at least one open port in said string, associated with said valve

having a seat removed, from at least one other port in said string;

refracturing through said at least one open isolated port;

performing said removing, isolating and refracturing in a single trip to

the subterranean location.

2.

The method of claim 1, comprising:

milling all seats associated with all valves.

The method of claim 1, comprising:

using at least one resettable barrier for said isolating.
The method of claim 1, comprising:

performing said removing, isolating and refracturing with a bottom

hole assembly run in on coiled tubing.

5.

The method of claim 1, comprising:

performing said removing, isolating and refracturing with a bottom

hole assembly run in on wireline.

6. The method of claim 4, comprising:

providing alocating device on said bottom hole assembly.
7. The method of claim 6, comprising:

using aflexible collet as said locating device.
8. The method of claim 7, comprising:

releasing said collet after milling all seats associated with all valves.
9. The method of claim 7, comprising:

engaging at least one valve with said collet for said locating.
10. The method of claim 3, comprising:

positioning said resettable barrier adjacent one side of a port for said
refracturing.
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11.

12.

13.

barrier.
14.

The method of claim 10, comprising:

using spaced apart resettable barriers in said bottom hole assembly;
straddling a port with said barriers for said refracturing.

The method of claim 3, comprising:

providing aported sub adjacent said resettable barrier;

refracturing through said ported sub when said resettable barrier is set.
The method of claim 12, comprising:

opening said ported sub coincidentally with setting said resettable

The method of claim 4, comprising:
using afluid motor and amill to mill out said at least one seat;

isolating said motor and mill from said coiled tubing before said

isolating and refracturing.

15.

The method of claim 14, comprising:
using at least one resettable barrier for said isolating;

isolating said fluid motor and mill coincidentally with actuation of said

resettable barrier.

16.

The method of claim 14, comprising:
using at least one resettable barrier for said isolating;
providing aported sub adjacent said resettable barrier;

isolating said fluid motor and mill coincidentally with actuation of said

ported sub.

17.

18.

The method of claim 14, comprising:

using at least one resettable barrier for said isolating;
providing aported sub adjacent said resettable barrier;
providing alocating device on said bottom hole assembly.
The method of claim 17, comprising:

engaging at least one valve with at least on flexible collet;

positioning said resettable barrier adjacent one side of a port for said

refracturing.

19.

The method of claim 18, comprising:

releasing said collet after milling all seats associated with al valves,
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isolating said fluid motor and mill coincidentally with release of said
flexible collet for radial movement.
20. The method of claim 19, comprising:

providing aported sub adjacent said resettable barrier;

isolating said fluid motor and mill coincidentally with actuation of said

ported sub.
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