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A method for completion of an oil or gas well with

production tubing (14), a well tool obturator and a
well tool device (1) comprising an first pipe part
(20) and a second pipe part (22) each having a
first end (20a, 22a), and a second end (20b, 22b)

with a through channel (30).
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TITLE: Packer Setting Device - mill open shatter ball seat / Well completion
method

Field of the invention

The present invention relates to a method for completion of an oil or gas well with
production tubing. The intervention also relates to a well tool device comprising a
first pipe part and a second pipe part each having a first end, and a second end with
a through channel. Further the invention also relates to a well tool obturator.

Background of the invention.

When installing production tubing in a well, it is preferred to run in the tubing with an
open end to allow fluid circulation through the tubing end. After tubing is installed, it
is preferred to be able to close the end to be able to perform a pressure test to prove
well integrity, and to pressurize the tubing to activate the production packer that
seals the annulus between tubing and casing. After these operations, it is preferred
to leave the tubing with a full inner diameter, both for producing the well with as large
inner diameter as possible, and to have access for doing interventions in the well
below the tubing end. There are mainly three reasons for using the open tubing end
method,

To allow the tubing to be automatically filled with the fluid that is already present in
the pre-installed casing. Current solution involves tubing installed with closed end,
meaning that tubing must be manually filled from surface, and that the displaced
volume in casing must be pumped out. This is time consuming and a costly
operation.

If there is a well control situation during tubing installation, there is a possibility to Kill
the well by pumping in heavy fluid in the well to achieve hydraulic overbalance to
control the situation. With closed end or with a restricted circulation point, this can be
challenging.

Be able to displace fluid in both tubing and annulus post tubing installation. This is to
change the specific gravity to manipulate the hydrostatic pressure at depth. This can
be both for well control, and for well start up.
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Disclosure of the state of art.

Ball seats are commonly used in downhole intervention and completion industry. An
obturator such as a ball, dart or other activation device is normally used to activate a
tool, or to block a fluid flow.

One prior solution is to run the tubing in the well with closed end. This requires a
plug in the tubing end, which must be removed after tubing test and packer setting.
This is costly and includes significant technical and operational risk. This method
also calls for filling of tubing and draining of casing as the tubing is inserted in to the
well.

Another prior solution involves mill out of metallic ball seats. Milling out a metallic
seat will limit the tubing inner diameter post milling to the outer diameter of the mill
bit used for milling. Since the mill will have to have a somewhat smaller diameter
than the inner diameter of the tubing, a restriction will be left in the tubing where the
seat used to be.

Yet another prior solution involves ball seats made from dissolvable/degradable
materials. This requires a certain fluid and temperature present in the well, and it will
also take some time to dissolve the seat.

Further another prior solution are collets used as ball seats. This has limitations to
how much the inner diameter can change when manipulating the collet, hence it will
often leave a restriction in the well, and it is also difficult to obtain a hydraulic seal in
a collet.

Objects of the present invention

One object of the present invention is to find a method and a device for completing a
well which reduces operational risk and cost and at the same time leaves no
restrictions in the tubing after completion.

Another object of the invention is to find a method for auto filling tubing during
installation, setting production packer and obtaining full tubing inner diameter post
operation.
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Yet another object of the invention is to find a method and a device that allows for
circulation during running tubing in the well and allows for setting a packer and
pressure testing the tubing without leaving any restrictions in the tubing and without
any additional runs in the well.

Further another object of the invention is to find an obturator that can damp the
impact as the obturator hits the obturator seat.

Further another object of the invention is to find an obturator that produce a better
seal with an obturator seat.

Summary of the invention
Said objects are achieved with a method for completion of an oil or gas well with
production tubing characterized in that the method comprises the following steps:

a) running in a tubing string open ended with a preinstalled obturator seat
made of brittle material;

b) dropping an obturator in the tubing;

c¢) land the obturator in the obturator seat;

d) pressurizing the tubing above the obturator seat, and preform tests and/or
operation demanding increased pressure;

e) release the pressure;

f) run in hole with a crushing means;

g) shatter the obturator seat by using mechanical force applied by said
crushing means.

The method, wherein step b) can include dropping an obturator with an elastomer
coating.

The method, wherein step b) can include dropping an obturator that is fully or partly
dissolvable in well fluid.

The method, wherein step d) can include setting a packer between the tubing and
the casing.

The method, wherein step d) can include performing a pressure test of the tubing.
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The method, wherein step a) can include installing a well tool device containing an
obturator seat made up of brittle and tempered glass.

The method, wherein step g) can include shattering the obturator by using
mechanical force applied by said crushing means.

The method, wherein step g) can include shattering the obturator seat with a milling
tool.

The method, wherein step g) can include milling the obturator prior to milling the
obturator seat.

Said objects are achieved using a well tool device comprising an first pipe part and a
second pipe part each having a first end, and a second end with a through channel,
said well tool device characterized in that a groove is provided in an interface in the
through channel between the first pipe part and the second pipe part, said groove is

accommodating a breakable obturator seat.

The well tool device, wherein the obturator seat can be made up of strengthened
glass.

The well tool device, wherein the obturator seat can be made up of brittle and
tempered glass.

The well tool device, wherein the obturator seat can be made up of several pieces of
glass.

The well tool device can comprises a spring below the obturator seat.

The well tool device can comprises a mechanical spring below the obturator seat.

The well tool device can comprises a hydraulic spring below the obturator seat.

Said objects are achieved using a well tool obturator, characterized in that the
obturator is covered with an elastomer coating.

The obturator can be made of a material that is fully or partly dissolvable in well fluid.
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Description of the diagrams
Embodiments of the present invention will now be described, by way of example
only, with reference to the following diagrams wherein:

Figure 1 shows a tubing being run into a well inside a casing.

Figure 2 shows the tubing at the desired depth inside the casing, with a drop ball
traveling in the well fluid towards the ball seat.

Figure 3 shows the tubing inside the casing with the drop ball placed in the ball seat
sealing of the tubing.

Figure 4 shows the previously described well construction with the ball after it have
fallen through the ball seat because it has started to dissolve.

Figure 5 shows a milling tool conveyed into the tubing to shatter the ball seat.

Figure 6 shows the tubing installed inside the casing with a set packer.

Figure 7 shows one preferred embodiment of the well tool device as it will be run in
hole.

Figure 8 shows one preferred embodiment of the well tool device after the drop ball
has landed in the ball seat.

Figure 9 shows one preferred embodiment of the well tool device after the ball seat
is shattered.

Figure 10 shows one preferred embodiment of the well tool device which includes a
damping mechanism.

Figure 11 shows one preferred embodiment of the well tool device which includes
another damping mechanism.

Figure 12 shows one preferred embodiment of the drop ball.
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Description of preferred embodiments of the invention

The invention relates to a method and a device to be used in the completion of an oil
or gas well. In the following preferred embodiments of the invention will be disclosed.
The different embodiments can be combined with each other and shall not be seen
upon as limiting to the scope of the protection which is defined by the claims. The
wide range of possible embodiments and combination of embodiments comes as a
result of the need to adapt the method, system and device to the condition under
where they are to be used.

The term obturator seat is used as a general term to describe a ball seat or a seat
that is made to accommodate some other type of obturator such as a dart for
instance. Here after in the description ball seat is used according to the
embodiments in the figures. In the claims the broader term obturator seat is used.
The same applies for the terms obturator and ball.

As seen in Figure 1 a production tubing 14 is run into the well inside a casing 16.
The tubing 14 has a preinstalled packer device 18 and a preinstalled ball seat 10
close to the open end of the tubing 14. The ball seat 10 is made of a breakable and
brittle material for instance glass. Strengthened glass such as for instance brittle and
/ or tempered glass will be suitable for the application. The glass can be made up of
of several pieces for instance several layers of glass to increase strength. The ball
seat 10 or crushable shoulder is donut shaped, and mounted as part of a well tool
device 1. The well tool device 1 is mounted in the tubing string 14 with connections
that is compatible to the tubing connections. During the run in hole well fluid can be
pumped down the tubing 14 out the open end and up the annulus between the
tubing 14 and the casing 16 as indicated by the arrows in Figure 1 and 2. The
circulation of the well fluid is done by using the rigs circulation system which is not
displayed in the Figures.

In Figure 2 the production tubing 14 has reached the desired depth and a ball 12 or
some other type of obturator for instance a dart is dropped into the tubing 14 and if
necessary pumped down. Before dropping the ball 12, the tubing 14 and the annulus
between the tubing 14 and the casing 16 can be displaced to the preferred fluid.

In Figure 3 the drop ball has landed in the ball seat 10 sealing off the channel 26
through the ball seat 10 and pressure is applied from the surface in addition to the
hydrostatic pressure, increasing the pressure inside the tubing 14 above the ball seat
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10. Increasing the pressure to a predetermined value will set the packer device 18 so
it seals between the tubing 14 and the casing 16. A pressure test of the tubing 14
which often is a requirement for well integrity purposes can be preformed at this
stage. In this embodiment of the invention the ball seat 10 need to be installed below
the packer device 18 (as seen in Figure 1-5) both because the applied pressure from
above need to act on the packer device 18 to set it and to be able to pressure test
the needed section of the tubing 14.

In Figure 4 one possible embodiment of the method is displayed as the ball 12 which
is made of dissolvable material have dissolved enough to fall through the seat 10
and leaving a free passage trough the channel 26 in the ball seat 10. For some
application the use of a dissolvable ball 12 is not necessary or for other reasons not
desirable and then a suitable non dissolvable ball can be used.

As seen in Figure 5, at a suitable time after the installation of the tubing 14 a
crushing means such as a milling tool 32 can be conveyed into the well by means of
tractor, wireline, slickline, braidedline, coiled tubing or on pipe 34 to break the ball
seat 10. Because of the brittle nature of the ball seat 10, full bore will be regained as
the ball seat will shatter completely unlike a conventional ball seat in a different
material that will have to be milled out with a mill with an OD smaller than the ID of
the tubing 14, leaving a restriction in the tubing 14. In case a non dissolvable ball 10
is used the drop ball 10 needs to be milled out, removed, shattered or in other ways
cleared from the wellpath to reach the ball seat 10.

Figure 6 shows the tubing 14 installed inside the casing 16 with a set packer 18
sealing of the annulus between the casing 16 and the tubing 14. The ball seat 10 is
shattered and removed leaving the tubing 14 without restrictions.

The housing 20, 22, the ball seat 10 and the ball 12 can be seen upon as a system
to be used in an oil or gas well to seal of a tubular and if needed later regain fluid
flow and a full bore. The system comprises a ball seat 10 and a drop ball 12, and a
housing 20, 22 to accommodate the ball seat 10. These three components is the
main components that makes up the system in this embodiment, but each of the
main components contains sub components where some of them are displayed in
the drawings and some is mention throughout the written description.
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The housing 20, 22 is in one embodiment of the invention made up of two pipe parts
20 and 22 which can be joined to make up one housing 20, 22. The first end 20a of
the housing 20, 22 can be made up with a tubing collar that is compatible with the
pin end of the tubing that is to be used in the well in question. Likewise the bottom
end 22a should be compatible with the box end of the tubing to be used in the well.
Just as the first 20a and the second end 22 a can be adapted to be used above and
below a tubing joint it can just as well be adapted to be used above and/or below any
other tubular that is part of the completion or tubing string 14. As part of the run in
hole with tubing operation the well tool device 1 will be taken in on the drillfloor with
care manually or mechanically and made up to the tubular in the rotary.

As apparent from the Figures 7 - 9, the present invention also relates to a well tool
device 1 comprising a first pipe part 20 and a second pipe part 22, each with a first
end 20a / 22a and a second end 20b / 22b. The first end 20a/22a of the first 20 and
the second tubular part 22 is adapted to be connected to respectively the pin and the
box end of the particular tubing 14 to be used in the well in question. Further the
second end 20b/22b of the first and second tubing part is adapted to be fitted
together and when fitted together to create a radial grove 24 inside the through
channel 30 suitable for accommodating a ball seat 10. In the radial grove 24 there is
mounted a ball seat 10, with an axial channel 26. The ball seat 10 is shaped to
accommodate a drop ball 12, and to seal around the drop ball 12.

Figure 7 shows the mode of the well tool device as it is run in hole, the ball seat is
seen mounted in the grove 24 made up by the first pipe part 20 and the second pipe
part 22, and the channel 26 through the ball seat 12 is open for circulation. The
joining of the first pipe part 20 and the second pipe part 22 can be done by
interference fit, a treaded connection or any other connection that is suitable for the
particular application or well conditions. Seal between the first pipe part 20 and the
second pipe part 22 can be achieved with a metal to metal seal or by the use of one
or more gaskets 28. In one embodiment a ring can be placed below the seat to act
as mechanical insulation between a ball seat that can be made of glass and a
housing that can be made of metal. The purpose of such a ring is to avoid
unintentional shattering of the ball seat.

Figure 8 shows the mode of the well tool device 1 as the tubing 14 has reached the
desired depth and the ball 12 has landed in the seat 10, and is forming a seal
blocking the through channel 26.
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Figure 9 shows the mode of the well tool device 1 after the ball seat 10 is shattered.
Because of the brittle nature of the ball seat 10 it shatters completely and leaves the
well tool device 1 without restrictions. Preferably the minimal inner diameter of the
well tool device 1 corresponds to the inner diameter of the tubing 14. The well is now
ready for further interventions below the well tool device 1 or for production without
the restriction of the ball seat 10.

Figure 12 shows one preferred embodiment of the drop ball 12 in sectional view. The
ball 12 comprises an outer coating 12a made up of elastomeric coating such as for
instance rubber coating, and a core 12b that can be made up of metal, plastic,
polymers or a combination of said materials. The elastomer coating serves as
damping as the ball 12 hits the brittle ball seat 10 and helps achieving a seal
between the ball seat 10 and the ball 12. In some possible embodiments of the
invention the ball 12 can be fully or partly dissolvable, including the elastomer
coating 12a. By using a dissolvable ball one can wait for a pre estimated time and
the ball 12 will dissolve sufficiently to fall through the ball seat 10 and allow for
circulation through the through channel 26.

In one embodiment of the invention a dart or some other object different from a drop
ball 12 can be used to block and seal off the channel 26 through the ball seat 10 or
crushable shoulder.

In some possible embodiments of the invention as seen in Figure 10 and 11 the well
tool device 1 comprises a cushioning mechanism for damping the impact as the ball
12 hits the ball seat 10. When ball 12 lands, there can be a significant impact,
depending on the momentum of the ball 12, which again depends on the
combination of mass and velocity. To avoid damage to the ball seat 10 when the ball
12 impacts, the ball 10 can as mentioned be coated with an elastomer material.
Another way or a complementary way is to dampen the drop balls 12 impact is to
implement a dampening system adjacent the ball seat 10. As seen in Figure 10 this
can be done by a spring on the low side of the ball seat 10. This will function like a
cushion under the ball seat 10. The spring can be a mechanical spring 36 such as a
Belleville spring, or a hydraulic spring 38.

In one possible embodiment seen in Figure 11 the hydraulic dampening mechanism
can be in the form of an annular shaped chamber 38 below the ball seat 10. The
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annular chamber 38 makes up a closed volume and is filled with a compressible fluid
such as for example silicon oil.
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Claims

1. A method for completion of an oil or gas well with production tubing (14)
characterized in that the method comprises the following steps:

a) running in a tubing string (14) open ended with a preinstalled obturator seat
(10) made of brittle material;

b) dropping an obturator (12) in the tubing (14);

c¢) land the obturator (12) in the obturator seat (10);

d) pressurizing the tubing (14) above the obturator seat (10), and perform
tests and/or operation demanding increased pressure;

e) release the pressure;

f) run in hole with a crushing means (32);

g) shatter the obturator seat (10) by using mechanical force applied by said
crushing means (32).

2. The method according to claim 1, characterized by that step b) includes
dropping an obturator (12) with an elastomer coating (12a).

3. The method according to claim 1, characterized by that step b) includes
dropping an obturator (12) that is fully or partly dissolvable in well fluid.

4. The method according to claim 1, characterized by that step d) includes
setting a packer (18) between the tubing (14) and the casing (16).

5. The method according to claim 1, characterized by that step d) includes
performing a pressure test of the tubing (14).

6. The method according to claim 1, characterized by that step a) includes
installing a well tool device (1) containing an obturator seat (10) made up of brittle
and tempered glass.

7. The method according to claim 1, characterized by that step g) includes
shattering the obturator by using mechanical force applied by said crushing means.

8. The method according to claim 1, characterized by that step g) includes
shattering the obturator seat (10) with a milling tool (32).
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9. The method according to claim 8, characterized by that step g) includes
milling the obturator (12) prior to milling the obturator seat (10).

10. A well tool device (1) comprising an first pipe part (20) and a second pipe part
(22) each having a first end (20a, 22a), and a second end (20b, 22b) with a through
channel (30), said well tool device (1) characterized in that a groove (24) is provided
in an interface in the through channel (30) between the first pipe part (20) and the
second pipe part (22), said groove (24) is accommodating a breakable obturator seat
(20).

11. The device from claim 10 characterized in that the obturator seat (10) is made
up of strengthened glass.

12. The device from claim 10 characterized in that the obturator seat (10) is made
up of brittle and tempered glass.

13. The device from claim 10 characterized in that the obturator seat (10) is made up
of several pieces of glass.

14.  The device from claim 10 characterized in that the well tool device (1)
comprises a spring (36) below the obturator seat (10).

15.  The device from claim 10, characterized in that the well tool device (1)
comprises a mechanical spring (36) below the obturator seat (10).

16. The device from claim 10, characterized in that the well tool device (1)
comprises a hydraulic spring below the obturator seat (10).

17. A well tool obturator, characterized in that the obturator (12) is covered with
an elastomer coating (12a).

18. The obturator according to claim 16, characterized in that the obturator (12) is
made of a material that is fully or partly dissolvable in well fluid.
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