Devices and Methods for Transmitting

EDS Back-up Signals to Subsea Pods

BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein generally relate to
devices and methods for transmitting backup emergency disconnect signals (EDS)

to subsea pods configured to control blowout preventers.

DISCUSSION OF THE BACKGROUND

[0002] Oil and gas extraction remains a critical component of the world
economy in spite of increasing challenges regarding the accessibility of the oil
reserves and the safety of the exploitation. Thus, drilling at offshore locations to
extract oil and gas from under the sea floor is widely used worldwide. Subsea oil
and gas exploration becomes even more challenging as sea depth at the well
locations increases.

[0003] An offshore oil and gas installation 1 includes a subsea blowout
preventer stack useable to seal a wellhead for safety and environmental reasons.
As shown in Figure 1, the subsea blowout preventer stack includes a lower blowout
preventer ("BOP") stack 10 attached to a wellhead on the sea floor 20, and a Lower
Marine Riser Package ("LMRP") 30, which is attached to a distal end of a drill string
40. The drill string 40 extends from a drill ship 50 (or any other type of surface
drilling platform or vessel) towards the wellhead. During regular operation the lower

BOP stack 10 and the LMRP 30 are connected. At times, blowout preventers 25
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located in the lower BOP stack 10 and in the LMRP 30 may be closed. The LMRP
30 may be disconnected from the lower BOP stack 10 and retrieved to the surface,
leaving the lower BOP stack 10 atop the wellhead, on the sea floor 20. Thus, for
example, the LMRP 30 may be disconnected and retrieved when inclement weather
is expected or when use of the wellhead is temporarily stopped.

[0004] Electrical cables and/or hydraulic lines 60 transport control signals from
the surface (i.e., the drill ship 50) to two pods 70 and 75 which are part of the LMRP
30. The two pods 70 and 75 control the BOPs and other devices in the LMRP 30
and the lower BOP stack 10 according to signals received from the surface (i.e., the
drill ship 50). The two pods 70 and 75, known as the “yellow” pod and the “blue” pod
are substantially identical and ensure redundancy (i.e., if one fails, the other takes
over).

[0005] Upon receiving an EDS signal, the pod(s) 70 and/or 75 control closing
of the BOPs of the LMRP 30 and the lower BOP stack 10. However, the EDS signal
may not reach the pods 70 and 75 when the electrical cables 60 are unintentionally
interrupted. In order to receive the control signals at the pod(s), physical continuity
of the electrical cables 60 is necessary. However, the electrical cables 60 may have
been interrupted accidentally when an emergency situation triggering the necessity
to send an EDS signal from the surface to the pod(s) 70 and/or 75 occurs. If the
EDS signal does not reach the pod(s) 70 and/or 75 and the BOPs are not closed, the
consequences may be dire for the operating personnel, the equipment and the
environment.

[0006] In some installations, an acoustic backup EDS signal may be

transmitted acoustically via the sea water. However, when a distance between the
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water surface and the LMRP is large, this acoustic backup EDS signal may be
dumped and lost. In addition environmental interference in the sea water due to the
emergency situation occurring could prevent the acoustic backup EDS signal from
being received properly subsea.

[0007] Accordingly, it would be desirable to provide a backup transmission of
the EDS signal from the surface to pods attached to the LMRP, using another path

than the electrical cables and/or water column.

SUMMARY
[0008] According to one exemplary embodiment, a backup emergency
disconnect signal (EDS) transmission system useable in an offshore oil and gas
installation is provided. The system includes a pressure pulse generator configured
to generate at least one of positive and negative pressure pulses to form a
predetermined pressure variation pattern corresponding to an emergency disconnect
signal, in fluid flowing in a mud column inside a drill string, the pressure pulse
generator being located at a surface end of the mud column. The system further
includes a pressure pulse receptor configured to measure a pressure of the fluid
flowing in the mud column, at a subsea location close to blowout preventers.
[0009] According to one exemplary embodiment, an offshore oil and gas
installation includes a surface drilling platform or vessel, a lower blowout preventer
(BOP) stack attached to a wellhead located on a sea floor, and configured to
interrupt a fluid flow from the wellhead, and a lower marine riser package (LMRP)
detachably attached to the lower BOP stack. The offshore oil and gas installation

further includes a drill string configured to allow the fiuid flow between the wellhead
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and the surface drilling platform or vessel through at least one mud column, a
subsea controller attached to the LMRP, and configured to shutdown blowout
preventers located in the lower BOP stack and the LMPR upon receiving and an
emergency signal (EDS), and an electric communication line configured to transmit
the EDS from the surface drilling platform or vessel to the subsea controller. The
system further includes a pressure pulse generator configured to generate at least
one of positive and negative pressure pulses to form a predetermined pressure
variation pattern corresponding to the EDS, in the fluid flow in the mud column inside
the drill string, the pressure pulse generator being located at a surface end of the
mud column, and a pressure pulse receptor connected to the subsea controller and
configured to measure a pressure of the fluid flow in the mud column.

[0010] According to another embodiment, a method for a backup transmission
of an Emergency Disconnect Signal (EDS) is provided. The method includes (i)
generating a pressure variation pattern corresponding to the EDS, at a first location,
which is close to a surface end of a mud column in a drill string, (i) measuring
pressure values in the mud column, at a second location, which is close to blowout
preventers, identifying the pressure variation pattern corresponding to the EDS
based on the pressure values, and transmitting the EDS to a controller configured to

close the blowout preventers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:
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[0012] Figure 1 is a schematic diagram of a conventional offshore rig;
[0013] Figure 2a is a schematic diagram of an offshore rig according to an

exemplary embodiment;

[0014] Figures 2b and 2c are cross-sectional views through a fluid and a mud
pipe of an offshore rig according to exemplary embodiments;

[0015] Figures 3a, 3b, and 3c illustrate a pressure pulse generator useable in
one exemplary embodiment and the pressure pulse generator's operation;

[0016] Figure 4 is a schematic diagram of a computer configured to send an
EDS trigger signal to a pressure pulse generator according to an exemplary

embodiment;

[0017] Figure 5 is a schematic diagram of a backup EDS transmission system
according to another exemplary embodiment; and

[0018] Figure 6 is a flow diagram of a method for a backup transmission of an

Emergency Disconnect Signal (EDS) according to another exemplary embodiment.

DETAILED DESCRIPTION

[0019] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and
structure of an offshore rig. However, the embodiments to be discussed next are not

limited to the offshore rigs, but may be applied to other systems that require a backup



path for transmitting an emergency signal and have a fluid transmission medium
available.

[0020] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0021] An offshore rig 100 according to an exemplary embodiment is
illustrated in Figure 2a. The offshore rig 100 includes plural layers of blowout
preventers 106 useable to seal (i.e., interrupt a fluid flow from) the wellbore for safety
and environmental reasons. The blowout preventers 106 are located on a lower
blowout preventer (“BOP”) stack 110 attached to the wellhead on the sea floor 120,
and on a Lower Marine Riser Package ("LMRP") 130 attached to a distal end of a
fluid pipe140. The fluid pipe 140 may include a drill riser, drill casing, drill pipe, drill
tools or anything required during drilling operations. A fluid flows or fills the fluid pipe
140 between the wellhead and a surface drilling platform or vessel 150. For
example, during drilling, mud may be pumped from the surface drilling platform or
vessel 150 to the wellhead through the drill string and may return flowing through an
annulus formed by the exterior of the drill string and the interior of the drill riser.
When the LMRP 130 is engaged with the lower BOP stack 110, all the blowout
preventers 106 are controlled by any one of two redundant pods 170 and 175

attached to the LMRP 130 based on control signals received from the surface drilling
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platform or vessel 150 via electrical cables 160. Frequently, the offshore rigs include
two substantially identical pods to ensure redundancy, but the current inventive
concept is applicable also for an offshore rig having a single pod.

[0022] The control signals received by the pod(s) 170 and/or 175 from the
surface include an Emergency Disconnect Signal (EDS), which is transmitted in
emergency situations. Upon receiving the EDS signal, the pod(s) 170 and/or 175
determine the closing of the BOPs in the BOP stack 110 and the LMRP 130. As
long as the physical continuity of the electrical cables 160 between the pods 170 and
175 and the surface is maintained, the pods 170 and 175 receive the control signals.
However, when the electrical cables 160 are interrupted, the control signals
transmitted using the electrical cables 160 may not reach the pod(s) 170 and 175.
Therefore, if the electrical cables 160 are interrupted, the EDS signal may be sent
towards the pod(s) 170 and 175 via a mud column 145 located inside (as illustrated
in Figure 2b) or outside (as illustrated in Figure 2c) of the fluid pipe 140. In an
alternative embodiment, the EDS signal may always be sent via a mud column 145
located inside the fluid pipe 140, even if the electrical cables 160 are not known to be
interrupted.

[0023] A fluid circulating in at least one column in the fluid pipe 140 is known
as mud, which is a term that encompasses most fluids used in oil and gas drilling
operations, especially fluids that contain significant amounts of suspended solids,
emulsified water or oil. Mud includes all types of water-base, oil-base and synthetic-
base drilling fluids. Transmitting data through mud, known as mud pulse telemetry,
is a communication method used by some Measurements While Drilling (MWD)

systems for transmitting data from a downhole tool used during drilling, to the
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surface. Different from the mud pulse telemetry, according to an aspect of some
embodiments, an EDS signal is transmitted from the surface, to the pod(s) 170
and/or 175 through the mud. Depending of particular designs and purposes, a fluid
pipe 140 includes one or more mud columns in various configurations. However,
applicability of the communication from the surface to the pods via mud is not limited
by a particular design.

[0024] To generate a backup EDS to be transmitted via a mud column 145, a
pressure pulse generator 180 is installed close to an upper end of the mud column
145, at or near the surface drilling platform or vessel 150. An embodiment and
operation of a pressure pulse generator is illustrated in Figures 3. Figures 3aand 3b
illustrate a pressure pulse generator including a valve 146 located inside a mud
column 145. The valve 146 may be in an open position as in Figure 3a or in a
closed position as in Figure 3b. By switching between the open and the close
positions with a predetermined frequency a pressure variation pattern as illustrated
in Figure 3c may be achieved (the lower pressure corresponding to the open position
and the higher pressure corresponding to the closed position). In an alternative
embodiment, the pressure pulse generator may include a vent which may create
negative pressure pulses in a mud column, by venting the mud temporarily,
according to the signal frequency. In another embodiment, a membrane inside the
mud column may oscillate.

[0025] The positive or negative pressure pulses generated by the pressure
pulse generator 180 form a pressure variation pattern corresponding to the EDS.
The pressure generator 180 is connected to at least one computer 190 configured to

send an EDS trigger signal to the pressure pulse generator 180. The computer 190
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may send the EDS trigger signal automatically, or may sent the EDS trigger signal
following an operator’s request.

[0026] An exemplary embodiment of the computer 190 is illustrated in Figure
4, and includes a process monitoring interface 191 configured to receive data from
monitoring the rig operation , an operator interface 192 configured to allow an
operator to enter manually commands including emergency shutdown command
requiring sending and EDS signal to the pod(s), a pressure pulse generator interface
193 to send a signal triggering transmission of an EDS pressure pulse pattern by the
pressure pulse generator 180, and a central processing unit 194 connected to the
interfaces 191, 192, and 193 and determining operation of the computer according to
received signals and commands.

[0027] Returning now to Figure 2a, the pressure variation pattern
corresponding to the EDS is transmitted via the mud column 145 located inside the
fluid pipe 140. A speed of propagating the pressure signal through the mud column
is of the order of hundreds of meters per second (m/s). Data rates through a mud
column are few bits per second (b/s), corresponding to a signal frequency of few Hz.
The signal frequency is selected to be distinct from frequencies of naturally occurring
background signals.

[0028] A pressure transducer 200 located in the proximity of the pod(s) 170
and 175 measures the pressure in the mud column. The pressure transducer 200
may be located in a cavity of a BOP located on the LMRP 130 or in the lower BOP
stack 110. The pressure transducer 200 is connected via cable to the pod(s) 170
and/or 175. Thus, the pressure transducer 200 is configured to measure the

pressure in the mud column at the surface end of which it is mounted the pressure
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pulse generator 180. The pressure transducer 200 may be configured to analyze
measured pressure values and to identify the pressure variation pattern
corresponding to the EDS. Upon identifying the pressure variation pattern
corresponding to the EDS, the pressure transducer 200 may be further configured to
send the EDS to the pod(s) 170 and/or 175. In an alternative embodiment, the
pressure transducer 200 may send the measured pressure values to the pod(s) 170
and/or 175, and the pod(s) 170 and/or 175 may be configured to analyze the
pressure values and to identify the pressure variation pattern corresponding to the
EDS.

[0029] Focusing now on a backup EDS transmission system 250 useable on
an offshore oil and gas installation as illustrated in Figure 5, the system 250 includes
a pressure pulse generator 260 configured to generate a predetermined pressure
variation pattern including at least one of positive and/or negative pressure pulses
and corresponding to the EDS signal, at a surface end of a mud column 265. The
system 250 also includes a pressure pulse receptor 270 configured to measure a
pressure of mud in the mud column 265, at a location close to blowout preventers
(BOPs). The pressure pulse receptor 270 is connected to a (at least one) pod 290
controlling the BOPs. The pulse receptor 270 may include a data processing unit
275 configured to identify the predetermined pressure variation pattern
corresponding to the EDS signal based on the measured pressure values and to
forward the EDS signal to the at least one pod 290.

[0030] The pressure pulse generator 260 may be connected to a surface
controller 280 by wire or wirelessly. The surface controller 280 may be configured to
send an EDS transmission trigger signal to the pressure pulse generator 260,

10



automatically, when an emergency situation is identified, or upon receiving a
command from an operator.

[0031] The pulse receptor 270 may be connected to the pod 290 via wire.
Upon receiving the EDS signal, the pod 290 operates to close the BOPs.

[0032] Figure 6 illustrates a flow diagram of a method 300 for a backup
transmission of an EDS signal. The method 300 includes generating a pressure
variation pattern corresponding to the EDS signal, at a first location, which is close to
a surface end of a mud column at S310. Further, the method 300 includes
measuring pressure values in the mud column at a second location, which is close to
blowout preventers at S320. The method 300 also includes identifying the pressure
variation pattern corresponding to the EDS signal based on the pressure values at
S330, and transmitting the EDS signal to a controller configured to close the blowout
preventers at S340.

[0033] The disclosed exemplary embodiments provide systems and methods
for transmitting an EDS signal from the surface to a subsea blowout preventer
controller via a mud column in a fluid pipe. It should be understood that this
description is not intended to limit the invention. On the contrary, the exemplary
embodiments are intended to cover alternatives, modifications and equivalents,
which are included in the spirit and scope of the invention as defined by the
appended claims. Further, in the detailed description of the exemplary
embodiments, numerous specific details are set forth in order to provide a
comprehensive understanding of the claimed invention. However, one skilled in the
art would understand that various embodiments may be practiced without such
specific details.
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[0034] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein.

[0035] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using
any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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What is claimed is:

1. An offshore drilling assembly, comprising:

a drilling riser containing a fluid column and having an upper end configured

for support by a drilling vessel;

a subsea blowout preventer assembly having a blowout preventer (BOP)
stack for securing to a subsea wellhead and a lower marine riser package (LMRP)
detachably attached to an upper end of the BOP stack, the LMRP being connected
to a lower end of the drilling riser;

a subsea controller mounted to the blowout preventer assembly and
hydraulically connected with the BOP stack for controlling various functions of the
BOP stack, including blocking upward flow through the drilling riser;

an electrical line extending from the subsea controller for connection to the

drilling vessel for providing signals to the subsea controller;

a backup system to block upward flow through the drilling riser in the event

signals to the subsea controller via the electrical line are interrupted, comprising:

a pressure pulse generator located within the drilling riser close to an upper
surface of the fluid column and configured to generate a predetermined pressure
variation pattern corresponding to an emergency disconnect signal (EDS) and
including at least one of positive and negative pressure pulses, the signal being

propagated downwards in the fluid column;

a pressure pulse receptor mounted to the blowout preventer assembly and
configured to sense pressure variations in the fluid column at the blowout preventer

assembly;

a subsea data processor electrically connected with the receptor for
determining whether pressure variations sensed by the pressure pulse receptor
comprise the pressure variation pattern propagated by the pulse generator
corresponding to the EDS; and
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wherein the data processor is electrically connected with the subsea controller
to cause the subsea controller to block upward flow through the riser upon
determining the pressure variation pattern corresponding to the EDS was detected
by the pulse receptor.

2. The offshore drilling assembly of claim 1, wherein the pressure pulse
receptor is mounted within a cavity of a blowout preventer of the blowout preventer
assembly.

3. The offshore drilling assembly of claim 1, wherein the drilling riser comprises
a central conduit for the passage of a drill string and at least one auxiliary conduit
alongside and parallel to the central conduit, and wherein the pulse generator

propagates the pressure variation, pattern down the central conduit.

4. The offshore drilling assembly of claim 1, further comprising a surface
controller adapted to be mounted to the drilling vessel and electrically connected to
the pressure pulse generator, the surface controller being configured to send an
EDS transmission trigger signal to the pressure pulse generator to cause the

pressure pulse generator to generate the pressure variation pattern.

5. The offshore drilling assembly of claim 4, wherein the surface controller has a
process monitoring interface that monitors operational conditions of the oil and gas
installation and causes the surface controller to send the EDS transmission trigger
signal to the pressure pulse generator when operational conditions indicate such is

needed.

6. The offshore drilling assembly of claim 1, wherein the pressure pulse
generator includes a valve placed in the fluid column, and is further configured to
generate the predetermined pressure variation pattern by opening and closing the

valve.

7. The offshore drilling assembly of claim 1, wherein the pressure pulse
generator includes a vent placed inside the fluid column, and is further configured to

generate the predetermined pressure variation pattern by venting the fluid in the fluid

14



column using the vent.

8. An offshore drilling assembly, comprising: a lower blowout preventer (BOP)
stack adapted to be attached to a wellhead located on a sea floor, and configured to

interrupt a fluid flow from the wellhead,;

a lower marine riser package (LMRP) detachably attached to the lower BOP

stack;

a drilling riser connected to the LMRP and extending upward for support by a

surface drilling platform or vessel, the drilling riser being filled with a fluid;

a subsea controller attached to the LMRP, and configured to close at least
one blowout preventer located in the lower BOP stack upon receiving an emergency
disconnect signal (EDS);

an electric line configured to transmit the EDS from the surface drilling

platform or vessel to the subsea controller;

a back-up system in the event the EDS is unable to be transmitted via the

electric line to the subsea controller, comprising:

a pressure pulse generator located within the drilling riser adjacent an upper
end of the drilling riser and configured to generate a predetermined pressure
variation pattern corresponding to the EDS and including at least one of positive and
negative pressure pulses, the pressure variation pattern being propagated

downwards through the fluid in the drilling riser;

a pressure pulse receptor mounted to the LMRP and in fluid communication

with the fluid in the drilling riser for detecting pressure variations in the fluid;

a subsea data processing unit that analyzes the pressure variations detected
by the pressure pulse receptor to determine whether the pressure variations
detected by the pressure pulse receptor comprise the pressure variation pattern
corresponding to the EDS; and

wherein the data processing unit is electrically connected to the subsea

controller to signal the subsea controller to close the at least one blowout preventer
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in the event the pressure variation pattern corresponding to the EDS is received.

9. The offshore drilling assembly of claim 8, wherein the pulse receptor is

mounted within a cavity of one of the at least one blowout preventers.

10. The offshore drilling assembly of claim 8, wherein the drilling riser comprises
a central conduit for the passage of a drill string and at least one auxiliary conduit
extending alongside and parallel to the central conduit, and wherein the pulse

generator propagates the pressure variation pattern down the central conduit.

11. The offshore drilling assembly of claim 8, further comprising: a surface
controller adapted to be mounted to the surface drilling platform or vessel, the
surface controller being electrically connected to the pressure pulse generator and
configured to send an EDS transmission trigger signal to the pressure pulse
generator to cause the pressure pulse generator to generate the pressure variation
pattern.

12. The offshore drilling assembly of claim 11, wherein the surface controller has
a process monitoring interface that monitors operational conditions of the oil and gas
installation and is further configured to send the EDS transmission trigger signal to

the pressure pulse generator in response to the operational conditions monitored.

13. The offshore drilling assembly of claim 8, wherein the pressure pulse
generator comprises at least one of a valve and a vent, and is further configured to
generate the predetermined pressure pattern by performing at least one of opening

and closing the valve, and venting the fluid in the fluid in the riser using the vent.

14. A method for a backup transmission of an Emergency Disconnect Signal

(EDS) for an offshore drilling riser assembly comprising:

a drilling riser containing a fluid column and having an upper end configured

for support by a drilling vessel;

a subsea blowout preventer assembly having a blowout preventer (BOP)

stack for securing to a subsea wellhead and a lower marine riser package (LMRP)
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detachably attached to an upper end of the BOP stack, the LMRP being connected

to a lower end of the drilling riser;

a subsea controller mounted to the blowout preventer assembly and
hydraulically connected with the BOP stack for controlling various functions of the
BOP stack, including blocking upward flow through the BOP stack; and

an electrical line extending from the subsea controller for connection to the

drilling vessel for providing the EDS to the subsea controller;
the method comprising:

in the event the EDS sent via the electrical line is interrupted, generating a
pressure variation pattern corresponding to the EDS in the riser at a point close to an

upper end of the fluid column;

with a pressure pulse receptor, detecting pressure variations in the fluid

column at the blowout preventer assembly;

with a subsea data processor, identifying whether the pressure variations

detected comprise the pressure variation pattern corresponding to the EDS;

and if so, with the data processor, electrically communicating with the subsea
controller to cause the BOP stack to block upward flow through the BOP stack.
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