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NON-OBTRUSIVE METHODS OF MEASURING FLOWS INTO AND OUT OF A
SUBSEA WELL AND ASSOCIATED SYSTEMS

CROSS REFERENCE TO RELATED APPLICATONS

[0001] This application claims the benefit of U.S. Provisional Application No.

62/127,134, filed March 2, 2015, which is incorporated herein by reference.
BACKGROUND

[0002] The present disclosure relates generally to methods of measuring flows into
and out of subsea wells. More specifically, in certain embodiments, the present disclosure
relates to non-obtrusive methods of measuring flows into and out of subsea wells and
associated systems.

[0003] In order to provide adequate well control and to satisfy the statutory safety
requirements of many jurisdictions around the world, most operating companies adopt the
principle of ensuring that at least two independently verified barriers are in place at all
times during the construction or suspension of wells. Conventional methods of suspending
the well may involve the use of a Mobile Offshore Drilling Unit (MODU) to install
completions through a marine riser and subsea blowout preventer (BOP) conduit.
Typically these conventional methods require an enclosed conduit between the wellhead
and the deployment unit to maintain primary well control and monitor fluid levels in the
wellbore. Using these methods may require the MODU on-site throughout the completion
installation or well suspension period when it could be better utilized drilling wells or
performing other operations.

[0004] Other methods of suspending a well are discussed in U.S. Patent No.
7,438,135, the entirety of which is hereby incorporated by reference. Briefly, U. S. Patent
No. 7,438,135 describes method of suspending a well that do not require the use of a BOP
stack to supplement well control. Disadvantages of such method are that the barrier
systems described therein may not be suitable for use in open water environments. In
addition, the methods described therein include intensive high risk wireline operations to
install and verify the barriers with no means to isolate the wellbore at the mudline in the
event of downhole failure.

[0005] Improved methods of suspending, completing, and/or working over a well
are described in PCT/US2014/058786, the entirety of which is hereby incorporated by
reference. Briefly, the methods and systems described therein utilize a subsea well

isolation device that removes the need of using a riser. In typical riser systems, a trip tank
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is used to provide a monitoring mechanism that records volume gains/losses during well
operations. However, in riserless systems, such a trip tank does not exist.

[0006] It is desirable to develop a method of measuring flows into and out of
subsea wells in riserless systems.

SUMMARY

[0007] The present disclosure relates generally to methods of measuring flows into
and out of subsea wells. More specifically, in certain embodiments, the present disclosure
relates to non-obtrusive methods of measuring flows into and out of subsea wells and
associated systems.

[0008] In one embodiment, the present disclosure provides a fluid level monitoring
system comprising: a subsea well comprising a wellbore and a wellhead, a subsea well
isolation device installed on the wellhead, and a fluid level monitoring device.

[0009] In another embodiment, the present disclosure provides a method of
maintaining a constant fluid level within a wellbore comprising: providing a fluid level
monitoring system comprising a subsea well comprising a wellbore and a wellhead, a
subsea well isolation device installed on the wellhead, and a fluid level monitoring device

and maintaining a constant fluid level within the wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete and thorough understanding of the present embodiments
and advantages thereof may be acquired by referring to the following description taken in
conjunction with the accompanying drawings.

[0011] Figure 1 is an illustration of a fluid level monitoring system in accordance
with certain embodiments of the present disclosure.

[0012] Figure 2 is an illustration of a fluid level monitoring system in accordance
with certain embodiments of the present disclosure.

[0013] Figure 3 is an illustration of a fluid level monitoring system in accordance
with certain embodiments of the present disclosure.

[0014] The features and advantages of the present disclosure will be readily
apparent to those skilled in the art. While numerous changes may be made by those skilled

in the art, such changes are within the spirit of the disclosure.

DETAILED DESCRIPTION
[0015] The description that follows includes exemplary apparatuses, methods,

techniques, and/or instruction sequences that embody techniques of the inventive subject
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matter. However, it is understood that the described embodiments may be practiced
without these specific details.

[0016] The present disclosure relates generally to methods of measuring flows into
and out of subsea wells. More specifically, in certain embodiments, the present disclosure
relates to non-obtrusive methods of measuring flows into and out of subsea wells and
associated systems.

[0017] In certain embodiments, the present disclosure provides a system that is
capable of monitoring the fluid level in a subsea well during well service operations when in
a riserless operational mode.

[0018] There may be several advantages of the methods and systems described
herein. In certain embodiments, the methods and systems described herein may provide a
system with the capability to monitor subsea wellbore fluid level and the condition of the
well barriers required to maintain well control in riserless systems. In certain embodiments,
the methods and systems described herein may provide an early warning in order to
implement secondary well control measures in the event of a failure of a primary well barrier
in riserless systems.

[0019] Referring now to Figure 1, Figure 1 illustrates a fluid level monitoring
system 1000. In certain embodiments, fluid level monitoring system 1000 may comprise
subsea well 1100 and subsea well isolation device 1200.

[0020] In certain embodiments, subsea well 1100 may comprise any type of subsea
well. In certain embodiments, subsea well 1100 may be in a riserless operation mode. As
used herein, the term riserless operation mode refers to a mode where operations are
conducted directly through seawater on a subsea well without the use of a riser conduit to
the surface operation unit. In such embodiments, subsea well isolation device 1200 may be
installed on wellhead 1110 of subsea well 1100. In certain embodiments, subsea well
isolation device 1200 may be used to provide well control and fluid management to subsea
well 1100. Examples of suitable subsea well isolation devices are described in
PCT/US2014/058786, the entirety of which is hereby incorporation by reference.

[0021] In certain embodiments, subsea well 1100 may be undergoing a well service
operation. In certain embodiments, subsea well 1100 may be undergoing a riserless
operation. Examples of well service operations include, wireline well intervention, coiled
tubing well intervention, jointed pipe well intervention, and completion tubing installation

or replacement.
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[0022] In certain embodiments, fluid level monitoring system 1000 may further
comprise fluid level monitoring device 1300, wellhead remote visual monitoring device
1400, constant level subsea pump system 1500, umbilical flow conduit 1600, subsea
control system umbilical 1800, subsea control module 1520, and surface operating unit
1700. In certain embodiments, submersible electric motor 1510 may power constant level
subsea pump system 1500.

[0023] In certain embodiments, fluid level monitoring device 1300 may comprise a
mud-line wellbore differential pressure monitoring device installed at subsea well isolation
device 1200. In certain embodiments, the mud-line wellbore pressure monitoring device
may comprise one or more pressure gauges 1900. In certain embodiments, the one or more
pressure gauges 1900 may be located in subsea well isolation device 1200. In certain
embodiments, an electrical connection may connect pressure gauge 1900 to subsea control
system umbilical 1800.

[0024] In certain embodiments, wellhead remote visual monitoring device 1400
may be installed at wellhead 1110. In certain embodiments, wellhead remote visual
monitoring device 1400 may comprise a subsea video camera with electrical connection to
a control system that allows for viewing the video on the topside equipment. In certain
embodiments, the video will monitor the height of the well fluid by using concentric
circular grooves on a funnel.

[0025] In certain embodiments, umbilical flow conduit 1600 may connect subsea
well 1100 to surface operating unit 1700. In certain embodiments, the umbilical flow
conduit 1600 may be a kill line. In certain embodiments, umbilical flow conduit 1600 may
be reeled tubing or drill pipe. In certain embodiments, umbilical flow conduit 1600 may
provide fluid communication from surface operating unit 1700 to subsea well 1100.

[0026] In certain embodiments, fluid level monitoring system 1000 may further
comprise logic control software capable of interpreting data streams from fluid level
monitoring device 1300, constant level subsea pump system 1500, and one or more
pressure gauges 1900. In certain embodiments, pressure gauges 1900 may be reliant on
pressure gradient differential between the completion fluid subsea well 1100 and the
seawater. In certain embodiments, the differential pressure may be used to measure the
height of the fluid column inside the isolation device. In certain embodiments, the pressure
gauges 1900 may measure the differential pressure between ambient seawater and the fluid

column above the location of the one or more pressure gauges 1900 in the subsea well
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isolation device 1200. Normally the fluid inside subsea well isolation device 1200 has a
greater density than seawater. When the fluid level inside in the subsea well isolation
device 1200 increases in height, the one or more pressure gauges 1900 may record an
increase in differential pressure. Conversely when the fluid level in the isolation device
decreases (lowers) the one or more pressure gauges 1900 may record a decrease in
differential pressure. In response to this change in differential pressure, constant level
subsea pump system 1500 may operate to either lower or raise the fluid level according to
the software in the subsea control module 1520. Wellhead remote visual monitoring
device 1400 may be used to confirm the fluid column height.

[0027] In certain embodiments, the present disclosure provides a method of
maintaining a constant fluid level within a wellbore comprising: providing a fluid level
monitoring system comprising a subsea well comprising a wellbore and a wellhead, a
subsea well isolation device installed on the wellhead, and a fluid level monitoring device
and maintaining a constant fluid level within the wellbore. In certain embodiments, the
fluid level monitoring system may comprise any fluid level monitoring system described
above with respect to fluid level monitoring system 1000. In certain embodiments, the
fluid level monitoring system may measure the fluid level in the wellbore by measuring a
pressure difference between seawater and the fluid in the well. In certain embodiments, a
fluid level monitoring device may be used to measure the pressure difference between
seawater and the fluid in the well. In certain embodiments, the fluid level monitoring
device may comprise any fluid level monitoring device described above with respect to
fluid level monitoring device 1300. In certain embodiments, the measured pressure
difference may be used to determine a motor speed and direction of a pump sufficient to
maintain a constant fluid level within the wellbore. In certain embodiments, a remove
visual monitoring device may be used to confirm that the fluid level within the well is
maintained at a constant level.

[0028] Referring now to Figure 2, Figure 2 illustrates fluid level monitoring system
2000. In certain embodiments, fluid level monitoring system 2000 may comprise subsea
well 2100 and a subsea well isolation device 2200.

[0029] In certain embodiments, subsea well 2100 may comprise any subsea well
discussed above with respect to subsea well 1100. In certain embodiments, a subsea well
isolation device 2200 may be installed on a subsea wellhead 2110 of subsea well 2100. In

certain embodiments, subsea well isolation device 2200 may comprise any subsea isolation
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device discussed above with respect to subsea isolation device 1200.

[0030] In certain embodiments, fluid level monitoring system 2000 may further
comprise fluid level monitoring device 2300, wellhead remote visual monitoring device
2400, constant level subsea pump system 2500, umbilical flow conduit 2600, subsea
control module 2520, and surface operating unit 2700. In certain embodiments,
submersible electric motor 2510 may power constant level subsea pump system 2500.

[0031] In certain embodiments, fluid level monitoring device 2300 may comprise a
mud-line wellbore pressure monitoring device installed at subsea well isolation device
2200. In certain embodiments, fluid level monitoring device 2300 may comprise any
combination of features discussed above with respect to fluid level monitoring device
1300.

[0032] In certain embodiments, wellhead remote visual monitoring device 2400
may be installed at wellhead 2110. In certain embodiments, wellhead remote visual
monitoring device 2400 may comprise any combination of features discussed above with
respect to wellhead remote visual monitoring device 1400.

[0033] In certain embodiments, umbilical flow conduit 2600 may connect subsea
well 2100 to surface operating unit 2700. In certain embodiments, the umbilical flow
conduit 2600 may comprise any combination of features discussed above with respect to
umbilical flow conduit 1600. In certain embodiments, umbilical flow conduit 2600 may
provide fluid communication from surface operating unit 2700 to subsea well 2100.

[0034] In certain embodiments, fluid level monitoring system 2000 may further
comprise logic control software capable of interpreting data streams from fluid level
monitoring device 2300, constant level subsea pump system 2500, and pressure gauges
2900. In certain embodiments, the differential pressure between pressure gauges 2900 may
be used to measure the height of the fluid column inside the isolation device. In response
to the measured differential pressure, the constant level subsea pump system 2500 may
operate to either lower or raise the fluid level according to the software in the subsea
control module 2520. Wellhead remote visual monitoring device 2400 may be used to
confirm the fluid column height.

[0035] In certain embodiments, the present disclosure provides a method of
maintaining a constant fluid level within a wellbore comprising: providing a fluid level
monitoring system comprising a subsea well comprising a wellbore and a wellhead, a

subsea well isolation device installed on the wellhead, and a fluid level monitoring device
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and maintaining a constant fluid level within the wellbore. In certain embodiments, the
fluid level monitoring system may comprise any fluid level monitoring system described
above with respect to fluid level monitoring system 2000. In certain embodiments, the
fluid level monitoring system may measure the fluid level in the wellbore by measuring the
pressure difference between the one or more pressure gauges. In certain embodiments, a
fluid level monitoring device may be used to measure pressure difference between the one
or more pressure gauges. In certain embodiments, the fluid level monitoring device may
comprise any fluid level monitoring device described above with respect to fluid level
monitoring device 2300. In certain embodiments, the measured pressure difference may be
used to determine a motor speed and direction of a pump sufficient to maintain a constant
fluid level within the wellbore. In certain embodiments, a remove visual monitoring
device may be used to confirm that the fluid level within the well is maintained at a
constant level.

[0036] Referring now to Figure 3, Figure 3 illustrates a fluid level monitoring
system 3000. In certain embodiments, fluid level monitoring system 3000 may comprise
subsea well 3100 and a subsea well isolation device 3200.

[0037] In certain embodiments, subsea well 3100 may comprise any subsea well
discussed above with respect to subsea well 1100 and/or subsea well 2100. In certain
embodiments, a subsea well isolation device 3200 may be installed on a subsea wellhead
3110 of subsea well 3100. In certain embodiments, subsea well isolation device 3200 may
comprise any subsea isolation device discussed above with respect to subsea isolation
device 1200 and/or subsea isolation device 2200.

[0038] In certain embodiments, fluid level monitoring system 3000 may further
comprise fluid level monitoring device 3300, wellhead remote visual monitoring device
3400, constant level pump system 3500, umbilical flow conduit 3600, subsea control
module 3520, control umbilical 3800, and surface operating unit 3700. In certain
embodiments, submersible electric motor 3510 may power constant level subsea pump
system 3500.

[0039] In certain embodiments, fluid level monitoring device 3300 may be used to
monitor the flow inside the isolation device 3200 or well 3100.

[0040] In certain embodiments, fluid level monitoring device 3300 may comprise
one or more resistance temperature detectors. In certain embodiments, fluid level

monitoring device 3300 may comprise temperature source 3311 and temperature sensor
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3312. In certain embodiments, temperature sensor 3312 may be an insertion flow sensor
commercially available from INTEK. In certain embodiments, temperature source 3311
and/or temperature sensor 3312 may be optical fibers such as optical fibers available from
Smart Fibres.

[0041] In certain embodiments, fluid level monitoring system 3000 may monitor
the fluid level by measuring an induced temperature variation in the wellbore fluid at the
fluid monitoring device 3300. In certain embodiments, temperature source 3311 may
induce a temperature variation in the wellbore that is detected by temperature monitor
3312. Data from the detected temperature variation may then be transferred to the surface
where computer software may interpret the data to determine the flow in the wellbore.
Wellhead remote visual monitoring device 3400 may be used to confirm the fluid column
height.

[0042] In certain embodiments, the present disclosure provides a method of
maintaining a constant fluid level within a wellbore comprising: providing a fluid level
monitoring system comprising a subsea well comprising a wellbore and a wellhead, a
subsea well isolation device installed on the wellhead, and a fluid level monitoring device
and maintaining a constant fluid level within the wellbore. In certain embodiments, the
fluid level monitoring system may comprise any fluid level monitoring system described
above with respect to fluid level monitoring system 3000. In certain embodiments, the
fluid level monitoring system may measure the fluid level in the wellbore by inducing a
temperature variation in the wellbore. In certain embodiments, a fluid level monitoring
device may be used to measure the fluid level in the wellbore by inducing a temperature
variation in the wellbore. In certain embodiments, the fluid level monitoring device may
comprise any fluid level monitoring device described above with respect to fluid level
monitoring device 3300. In certain embodiments, the measured induced temperature
variation in the wellbore may be used to determine a motor speed and direction of a pump
sufficient to maintain a constant fluid level within the wellbore. In certain embodiments, a
remove visual monitoring device may be used to confirm that the fluid level within the
well is maintained at a constant level.

[0043] While the embodiments are described with reference to various
implementations and exploitations, it will be understood that these embodiments are
illustrative and that the scope of the inventive subject matter is not limited to them. Many

variations, modifications, additions and improvements are possible.
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[0044] Plural instances may be provided for components, operations or structures
described herein as a single instance. In general, structures and functionality presented as
separate components in the exemplary configurations may be implemented as a combined
structure or component. Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other variations,
modifications, additions, and improvements may fall within the scope of the inventive

subject matter.
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CLAIMS
1. A fluid level monitoring system comprising:
a subsea well comprising a wellbore and a wellhead;
a subsea well isolation device installed on the wellhead; and

5 a fluid level monitoring device.

2. The fluid level monitoring system of claim 1, wherein the fluid level

monitoring device comprises a mud-line wellbore differential pressure monitoring device.

3. The fluid level monitoring system of claim 2, wherein the mud-line

wellbore differential pressure device comprises one or more pressure gauges.

10 4. The fluid level monitoring system of claim 2 or 3, further comprising a
wellhead remote visual monitoring device, a constant level subsea pump system, and a

subsea control module.

5. The fluid monitoring system of any one of claims 2-4, further comprising an

umbilical flow conduit, a subsea control system umbilical, and a surface operating unit.

15 6. The fluid level monitoring system of claim 1, wherein the fluid level

monitoring device comprises a mud-line wellbore pressure monitoring device.

7. The fluid level monitoring system of claim 6, wherein the mud-line

wellbore pressure device comprises one or more pressure gauges.

8. The fluid level monitoring system of claim 6 or 7, further comprising a
20  wellhead remote visual monitoring device, a constant level subsea pump, and a subsea

control module.

9. The fluid monitoring system of any one of claims 6-8, further comprising an

umbilical flow conduit, a subsea control system umbilical, and a surface operating unit.

10. The fluid level monitoring system of claim 1, wherein the fluid level

25  monitoring device comprises one or more resistance temperature detectors.

11. The fluid level monitoring system of claim 10, wherein the fluid level

monitoring device comprises a temperature source and a temperature sensor.

12. The fluid level monitoring system of claim 10 or 11, further comprising a
wellhead remote visual monitoring device, a constant level subsea pump system, and a

30  subsea control module.

10
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13. The fluid monitoring system of any one of claims 10-12, further comprising

an umbilical flow conduit, a subsea control system umbilical, and a surface operating unit.

14. A method of maintaining a constant fluid level within a wellbore
comprising:
5 providing a fluid level monitoring system comprising a subsea well
comprising a wellbore and a wellhead, a subsea well isolation device installed on the
wellhead, and a fluid level monitoring device and

maintaining a constant fluid level within the wellbore.

15. The method of claim 14, wherein the fluid level monitoring device

10 comprises a mud-line wellbore differential pressure device comprising one or more
pressure gauges and the fluid level monitoring system further comprises a wellhead remote
visual monitoring device, a constant level subsea pump system, and a subsea control

module.

16. The method of claim 15, wherein maintaining a constant fluid level within
15 the wellbore comprises measuring a pressure difference with the mud-line wellbore

pressure monitoring device to determine the fluid level in the wellbore.

17. The method of claim 14, wherein the fluid level monitoring device
comprises a mud-line wellbore pressure monitoring device and the fluid level monitoring
system further comprises a wellhead remote visual monitoring device, a constant level

20  subsea pump system, and a subsea control module.

18. The method of claim 17, wherein maintaining a constant fluid level within
the wellbore comprises measuring a pressure difference with the mud-line wellbore

pressure monitoring device to determine the fluid level in the wellbore.

19. The method of claim 14, wherein the fluid level monitoring device
25  comprises one or more resistance temperature detectors and the fluid level monitoring
system further comprises a wellhead remote visual monitoring device, a constant level

subsea pump system, and a subsea control module.

20. The method of claim 19, wherein maintaining a constant fluid level within
the wellbore comprises inducing a temperature variation in the wellbore and measuring the

30  induced temperature variation to determine the fluid level in the wellbore.

11
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.
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Fluid Tevel monitoring with pressure monitoring
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Fluid Tlevel monitoring with resistance temperature detectors
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