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TEMPORARY SUSPENSION OF
COMPLETED HYDROCARBON WELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a non-provisional application
which claims benefit under 35 USC § 119(e) to U.S.
Provisional Application Ser. No. 63/335,050 filed Apr. 26,
2022, entitled “Temporary Suspension of Completed Hydro-
carbon Wells,” which is incorporated herein in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] None.
FIELD OF THE INVENTION
[0003] This invention relates to the temporary suspension

of'a hydrocarbon well after finalizing the completion opera-
tion and prior to stimulation of the well and putting the well
on production. The invention is particularly applicable to
subsea wells, i.e. offshore hydrocarbon wells with a well-
head located on the seafloor. Also, the invention can have
advantages in platform wells.

BACKGROUND OF THE INVENTION

[0004] Once a hydrocarbon well has been drilled and
cased, the well is completed by cleaning it out and setting
production tubing. The well then needs to be sealed tempo-
rarily while the Xmas tree is installed on the wellhead and
pending stimulation of the well prior to being placed on
production.

[0005] The process of sealing the well typically involves
setting temporary plugs using wireline techniques. This
involves the use of a specialized vessel (e.g. riserless light
well intervention vessel) to remove the temporary plugs in
procedures that can take up to a day. It is desirable to reduce
the cost and delay involved in setting and removing the
plugs, as well as the risk posed by this procedure—wireline
released plugs can get stuck if left for a long time.

[0006] Another type of temporary plug is a so-called glass
plug. This is a frangible plug that is designed to break under
certain conditions thereby effectively removing it. The plug
may be designed to break after a certain period of time or
when a certain combination of pressure pulses is applied, for
example. Glass plugs therefore do not require wireline to
remove them. They are pre-installed in a tubing joint.
[0007] Glass plugs have been used in a wide variety of
situations. To the inventors’ knowledge, a single glass plug
is only ever used. This may be because the glass plugs are
normally opened by triggering a mechanism to shatter the
plug by applying a sequence of pressure pulses; there may
be a perceived risk that application of the incorrect sequence
may shatter the incorrect plug if more than one is used. It is
essential that the barriers are opened sequentially and at the
correct time. Other methods of breaking plugs, e.g. a device
for breaking the plug after a certain time, may also be prone
to error.

[0008] For the above reasons, the applicant believes that
glass plugs have not, to date, been used in the temporary
suspension of completed wells.

[0009] One known type of glass plug is described in
WO02007/108701A1 in the name Bjorgum Mekaniske AS.
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BRIEF SUMMARY OF THE DISCLOSURE

[0010] The invention more particularly includes a process
for suspending a hydrocarbon well, wherein the process
comprises:

[0011] a) installing and completing casing and liner in
the hydrocarbon well;

[0012] D) running into the well a tubing string and
hanging the tubing string from a tubing hanger in a
wellhead;

[0013] c) wherein the tubing string is fitted with pre-
installed upper and a lower frangible plugs, and
wherein the frangible plugs have selectively closable
bypass channels in an initial open configuration;

[0014] c)performing pressure tests on the tubing hanger
and other downhole components;

[0015] d) whilst the upper frangible plug creates a seal
in the tubing, removing the wellhead and installing a
Xmas tree.

[0016] Optionally, the upper and lower frangible plugs
may be breakable by application of respective first and
second predetermined sequences of pressure pulses. Option-
ally, the upper and lower frangible plug may each have a
bypass channel including a valve and wherein the valves are
closable by means of respective third and fourth predeter-
mined sequences of pressure pulses, in which case step (c)
may involve the bypass channel of the lower frangible plug
being closed by applying the fourth predetermined sequence
of pressure pulses prior to setting of a production packer and
pressure testing of the tubing string. Step (¢) may also
involve shattering the lower frangible plug by applying the
second predetermined sequence of pressure pulses prior to
pressure testing the production packer. Step (c¢) may also
involve the bypass channel of the upper frangible plug being
closed by applying the third predetermined sequence of
pressure pulses prior to pressure testing the upper frangible
plug.

[0017] Following pressure testing of the upper frangible
plug the BOP may be removed and the Xmas tree may be
installed. Following installation of the Xmas tree the upper
frangible plug may be shattered by applying the first pre-
determined sequence of pressure pulses.

[0018] The upper frangible plug would normally be
located in the tubing above the downhole safety valve. The
lower frangible plug would normally be located in the tubing
below the production packer. Other configurations may be
used dependent upon the requirements for pressure testing
and the location of the frangible plug.

[0019] Examples and various features and advantageous
details thereof are explained more fully with reference to the
exemplary, and therefore non-limiting, examples illustrated
in the accompanying drawings and detailed in the following
description. Descriptions of known starting materials and
processes can be omitted so as not to unnecessarily obscure
the disclosure in detail. It should be understood, however,
that the detailed description and the specific examples, while
indicating the preferred examples, are given by way of
illustration only and not by way of limitation. Various
substitutions, modifications, additions and/or rearrange-
ments within the spirit and/or scope of the underlying
inventive concept will become apparent to those skilled in
the art from this disclosure.

[0020] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive
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inclusion. For example, a process, product, article, or appa-
ratus that comprises a list of elements is not necessarily
limited only those elements but can include other elements
not expressly listed or inherent to such process, process,
article, or apparatus. Further, unless expressly stated to the
contrary, “or” refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by
any one of the following: A is true (or present) and B is false
(or not present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).

[0021] The term substantially, as used herein, is defined to
be essentially conforming to the particular dimension, shape
or other word that substantially modifies, such that the
component need not be exact. For example, substantially
cylindrical means that the object resembles a cylinder, but
can have one or more deviations from a true cylinder.
[0022] Additionally, any examples or illustrations given
herein are not to be regarded in any way as restrictions on,
limits to, or express definitions of, any term or terms with
which they are utilized. Instead, these examples or illustra-
tions are to be regarded as being described with respect to
one particular example and as illustrative only. Those of
ordinary skill in the art will appreciate that any term or terms
with which these examples or illustrations are utilized
encompass other examples as well as implementations and
adaptations thereof which can or cannot be given therewith
or elsewhere in the specification and all such examples are
intended to be included within the scope of that term or
terms. Language designating such non-limiting examples
and illustrations includes, but is not limited to: “for
example,” “for instance,” “e.g.,” “In some examples,” and
the like.

[0023] Although the terms first, second, etc. can be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A more complete understanding of the present
invention and benefits thereof may be acquired by referring
to the follow description taken in conjunction with the
accompanying drawings in which:

[0025] FIG. 1 is a schematic section through a well,
showing production tubing fitted with glass plugs in accor-
dance with the invention; and

[0026] FIG. 2 is a sectional view showing a highly sche-
matically represented glass plug.

DETAILED DESCRIPTION

[0027] Turning now to the detailed description of the
preferred arrangement or arrangements of the present inven-
tion, it should be understood that the inventive features and
concepts may be manifested in other arrangements and that
the scope of the invention is not limited to the embodiments
described or illustrated. The scope of the invention is
intended only to be limited by the scope of the claims that
follow.
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[0028] As shown in FIG. 1, a subsea hydrocarbon well 1
passes through the seafloor 2, through overburden rock 3 and
into a hydrocarbon-bearing reservoir 4. A wellhead 5 is
located on the seafloor 2. The wellhead would normally be
located within a subsea template structure along with other
wellheads, but this is omitted for clarity. Casing 6 is sus-
pended from the wellhead 5; the well continues downward
with one or more further lengths of casing of decreasing
diameter. The final length of casing, known as the reservoir
liner 7, extends into the reservoir 4. For clarity only the first
length of casing 6 and the reservoir liner 7 is shown.
[0029] Suspended from a tubing hanger 8 in the wellhead
5 is a length of production tubing 9, which extends inside the
casing 6. A production packer 10 is installed between the
production tubing 9 and casing 6. During the well construc-
tion a Blowout Preventer (BOP) is the last barrier for well
control. The BOP (Not shown) is connected to the wellhead
5. The BOP will be removed to enable installation of a Xmas
tree for well production/injection purposes. However, to
remove the BOP two independent tested barriers are
required.

[0030] Upper and lower glass plugs 11, 12 are installed in
the tubing, respectively above and below the conventional
downhole safety valve 13. The lower plug 12 is also below
the production packer 10.

[0031] A glass plug is in essence a barrier made from a
material that may be broken intentionally by some means at
a chosen time. The barrier element or elements of such plugs
are frequently made from glass, which is a material that can
have considerable strength in certain circumstances but is
easy to shatter. Features are included in the plug design for
breaking the glass—this might be by means of pressure or
application of a pointed tool to create a stress multiplier in
the glass or a combination of these, or by other means. The
plug also includes design features to allow the time at which
the glass is broken to be chosen. For example, a timing
device may be included that activates the glass breaking
feature after a set time. Alternatively, a device may be
included that senses pressure and activates the glass break-
ing feature when a certain pattern of pressure pulses is
detected. In this way, a “signal” comprising pulses of
pressure in the well fluid may be sent from the surface to
initiate breaking the of the glass. Once the glass is broken,
the fragments simply fall to the bottom of the well where
they have no effect on operations.

[0032] Glass plugs are provided with a bypass channel to
allow fluids to flow past the plugs if desired. The opening or
closing of the bypass channel can be controlled in a similar
manner to the breaking of the plug, e.g. by pressure pulses.
[0033] A conventional glass plug is shown in highly
stylised form in FIG. 2. There are many types of glass plug
and the plug shown in FIG. 2 is only one example; the
skilled person will be familiar with other types. The exact
construction of the glass plug is not the subject of this patent
application.

[0034] The plug of FIG. 2 is shown installed in tubing 20.
It comprises a tubular support member 21, which is secured
in tubing 20 by conventional well known means (not
shown). Secured within the tubing 21 are upper and lower
frangible barrier elements 22a, 225, which are made from
glass. The barrier elements are separated by a small gap 23.
A pressure control channel 25 within the support member 21
opens at one end into the gap 23 between the barrier
elements 22 a,b. At the other end, the channel 25 commu-
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nicates with channels 26 within a control unit 24 located on
the inner wall of the support member 21. The control unit
includes a valve 27 that may be set to open the channel 25
either to the interior of the tubing on the proximal side of the
barrier elements 22 a,b (i.e. the side nearer the surface) or to
an atmospheric pressure chamber 28. The valve is controlled
by a pressure sensing/valve actuating unit shown at 29. The
unit 29 is designed to respond to a predetermined sequence
of pulses to initiate breaking of the glass by changing the
pressure between the elements 22 a,b.

[0035] Also in the support member 21 is a bypass channel
30. The bypass channel 30 allows communication between
the parts of the tubing 20 that are proximal and distal of the
barrier plugs 22 a,b. At one end of the bypass channel 30 is
a control unit 31 that allows control of whether the bypass
channel is open or not. Again, the unit 31 is designed to
respond to a predetermined sequence of pulses to initiate
closing the bypass channel, which is open on installation of
the plug.

[0036] A sequence of operations will now be described
with reference to FIG. 1, showing the function of the glass
plugs. Tubing 9 is installed in the well 1, suspended from the
tubing hanger 8. Pre-installed in the tubing are upper and
lower glass plugs 11, 12. Near the top of the tubing but
below the upper glass plug 11 is a conventional downhole
safety valve 13, which is in its normal open position. In their
initial configuration both glass plugs have their bypass
channels open. The first stage is to test the tubing hanger
seals, prior to setting the production packer 10. For this
operation, completion fluid is passed down the tubing 9
under pressure, passing through the bypass channels of the
glass plugs 11,12 and then back up the annulus between
casing 6 and production tubing 9 (production pack 10 in
FIG. 1 is not in place yet, so the fluid can pass up the
annulus). Any leakage at the tubing hanger 8 can thereby be
detected and remedied.

[0037] Once the tubing hanger has been tested, a specific
cycle of pressure pulses, or pressure signature, is then passed
down the production tubing to activate a bypass closure
valve in the lower glass plug 12, so that the plug now blocks
the bore of the tubing 9 at a point near the end of the tubing.
The production packer 10 is set by conventional means. An
inflow test is then performed on downhole safety valve by
managing the pressures in the tubing an annulus between the
tubing and casing.

[0038] The next stage is to apply a specific sequence of
pressure pulses, or pressure signature, in the tubing 9 to
trigger the shattering of the lower glass plug 12. The
production packer 10 is then tested in the directional flow.
Next, the bypass of upper glass plug 11 is closed by applying
a sequence of pressure pulses. The upper glass plug 11 is
then tested by applying pressure from above.

[0039] If the upper glassplug is found to be effective then
the downhole safety valve 13 can be closed, thereby forming
with the upper glass plug 11 the required double barrier to
allow the BOP to be removed. The wellhead can then be
fitted with a Xmas tree to allow production to start. Once the
Xmas tree is in place with its various valves, the upper glass
plug can be shattered by applying a sequence of pressure
pulses, or pressure signature. The downhole safety valve can
be returned to its normal open position.
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[0040] The use of a glass plug for the upper barrier means
that the wireline operations can be dispensed-with entirely
for the completion process, with considerable saving in time
and cost.

[0041] The above sequence of steps would normally be
performed using wireline plugs, therefore requiring the use
of'a wireline intervention vessel. By using glass plugs only,
the need for a wireline intervention vessel is removed,
thereby saving considerable time and cost.

[0042] In closing, it should be noted that the discussion of
any reference is not an admission that it is prior art to the
present invention, especially any reference that may have a
publication date after the priority date of this application. At
the same time, each and every claim below is hereby
incorporated into this detailed description or specification as
a additional embodiments of the present invention.

[0043] Although the systems and processes described
herein have been described in detail, it should be understood
that various changes, substitutions, and alterations can be
made without departing from the spirit and scope of the
invention as defined by the following claims. Those skilled
in the art may be able to study the preferred embodiments
and identify other ways to practice the invention that are not
exactly as described herein. It is the intent of the inventors
that variations and equivalents of the invention are within
the scope of the claims while the description, abstract and
drawings are not to be used to limit the scope of the
invention. The invention is specifically intended to be as
broad as the claims below and their equivalents.
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1. A process for suspending a hydrocarbon well, wherein
the process comprises:
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a) installing and completing casing and liner in the
hydrocarbon well;

b) running into the well a tubing string and hanging the
tubing string from a tubing hanger in a wellhead;

¢) wherein the tubing string is fitted with pre-installed
upper and a lower frangible plugs, and wherein the
frangible plugs have selectively closable bypass chan-
nels in an initial open configuration;

¢) performing pressure tests on the tubing hanger and
other downhole components;

d) whilst the upper frangible plug creates a seal in the
tubing, removing a blowout preventer from the well-
head and installing a Xmas tree.

2. The process according to claim 1, wherein the upper
and lower frangible plugs include are breakable by applica-
tion of respective first and second predetermined sequences
of pressure pulses.

3. The process according to claim 2, wherein the upper
and lower frangible plug each has a bypass channel includ-
ing a valve and wherein the valves are closable by means of
respective third and fourth predetermined sequences of
pressure pulses.

4. The process according to claim 3, wherein step (c)
involves the bypass channel of the lower frangible plug
being closed by applying the fourth predetermined sequence
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of pressure pulses prior to setting of a production packer and
pressure testing of the tubing string.

5. The process according to claim 4, wherein step (c)
involves shattering the lower frangible plug by applying the
second predetermined sequence of pressure pulses prior to
pressure testing the production packer.

6. The process according to claim 5, wherein step (c)
involves the bypass channel of the upper frangible plug
being closed by applying the third predetermined sequence
of pressure pulses prior to pressure testing the upper fran-
gible plug.

7. The process according to claim 6, wherein following
pressure testing of the upper frangible plug a blowout
preventer is removed from the wellhead and the Xmas tree
installed.

8. The process according to claim 7, wherein following
installation of the Xmas tree the upper frangible plug is
shattered by applying the first predetermined sequence of
pressure pulses.

9. The process according to claim 1, wherein the upper
frangible plug is located in the tubing above a downhole
safety valve.

10. The process according to claim 1, wherein the lower
frangible plug is located in the tubing below a production
packer.



