MONI TORI NG THE OPERATI ON OF A SUBSEA HYDROCARBON PRODUCTI ON CONTROL SYSTEM
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In this respect it is important that the status of all subsea valves and their actuators, which
form part of the production control system, are known at all times but, more essentially, after
a fail-safe shutdown has occurred. However, situations can arise where this information is
not available and where this knowledge is critical for eliminating the problem (such as oil
20  spilling out of a well or pipeline). Recent events in the Gulf of Mexico have demonstrated

this need.

Examples of fail-safe shutdowns resulting from subsea failures, where relevant status
information cannot be obtained using the existing system functionality, are those which occur
25 between a well Christmas tree and the power distribution and protection module (PDPM)
which is installed subsea and is the main subsea interface with Christmas trees providing
electrical power, hydraulic power and communications to each Christmas tree. Such failures

include:

30 failure in communications between a Christmas tree and the PDPM,;
failure of the power line between a Christmas tree and PDPM,;
failure in the hydraulic line between a Christmas tree and the PDPM; and

a combination of the above three failures.

35 Other situations are possible. A failure in any of these links will result in no information
being available topside on valve status.
In all these situations, flow control valves and protective valves go into a fail-safe condition,

but there is no means of verifying the actual status of the valves because communication is



failure in the hydraulic Iine between a Christmas tree and the PDPM and a
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condition, sending an indication of that by wireless.

According to the present invention from another aspect, there is provided a subsea
20  hydrocarbon production control system, comprising means for monitoring at least one
subsea device of the system and means for, if the device fails to a fail-safe condition,

sending an indication of that by wireless.

Typically, said indication is sent to a fail-safe monitoring unit, which could be a subsea unit.
25
Typically, such a subsea unit is in a subsea power distribution and protection module.

Typically, the at least one device comprises at least one of a valve and an actuating
mechanism for a valve.

30
The indication could be sent from fail-safe monitoring means at a tree of the system with
which the device is associated. Typically, the system has at least one further such tree from
which, if a device associated with it, fails to a fail-safe condition, an indication to that effect is
sent by wireless from fail-safe monitoring means of the further tree.

35
An embodiment of the invention to be described below entails including a separate,

independent, dedicated, health monitoring module on a Christmas tree, for monitoring the
status of all actuators and valves installed on the Christmas tree and wellhead. The system



Typically, said indication is sent to a fail-safe nonitoring unit, which
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Fig. 1 is a schematic diagram of an embodiment of the invention; and

Fig. 2 is a block diagram of a modification which can be made to Fig. 1.

20 Description of Embodiments of the Invention.

Fig. 1 illustrates an implementation of the invention. In a conventional production control
system, a master control station (MCS) 1, installed topside, provides the operator interface
with subsea equipment and displays the current state of the various equipments and sensor
information, enabling the operator to control the system. The MCS 1 collates data such as

25  the operational state of all subsea valves and data relating to the state of production fluids
across an entire oilfield. The MCS 1 interfaces with the subsea installed power distribution
and protection module (PDPM) 2 which feeds electric power on lines 3, hydraulic power on
lines 4, and communication on a line 5 to a plurality of Christmas trees 6, only two (A and B)
being shown.

30
Each Christmas tree 6 includes a subsea control module (SCM) 7 which controls all the
Christmas tree processes by providing hydraulic power to actuate valves mounted on the
Christmas tree and at the wellhead. It also receives process instrumentation signals from
sensors mounted on the Christmas tree and at the wellhead. These are received and

35 processed in a subsea electronics module (SEM) 8 housed within the SCM 7 and
communicated via the system communication link to the PDPM 2, and then topside. Failure
of the communications link between a Christmas tree 6 and the PDPM 2 will result in no

valve and other status data being available from that tree.



Fig. 1 is a schematic diagramof an enbodi nent of the invention; and Fig. 2
is a block diagram of a nodificationwhich can be made to Fig. 1.
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of the data from its dedlcated sensor package. A fail-safe mechanism gets executed if
either or both the SEM and the fail-safe monitoring system takes the decision to trigger a fail-

safe mechanism. This also adds redundancy to the system.

30 Advantages of using the Invention

The invention can utilise a wireless communication system between topside and

subsurface equipment that forms part of the latest hydrocarbon production control

system.

There is no need to rely on hardwired communication systems using
35 communications-on-power technigues or separate wired communication cables.

The availability of subsea status information can provide immediate confirmation of a

fail-safe situation and enable a rapid response to be achieved to a developing

situation.



Fig. 2 illustrates an exanple of a configuration in which the fail-safe
nmonitoring nodule 9 with its fail -saf5e noni toring (FSM dedi cated sensor
package 15 is used in conjunction with the SEM 8 and its sensor package 16.
When the sensor signals feeding the SEM 8 result in it triggering the
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fail-safe nmonitoring systemtakes the decision to trigger a fail-safe
mechani sm This al so adds redundancy to the system 30Advantages of using
the Invention The invention can utilise a wireless conmunication system
bet ween topside and subsurface equi pnent that forns part of the | atest

hydr ocar bon production control system There is no need to rely on

har dwi red conmuni cati on systens using 35conmuni cati ons-on-power techni ques
or separate wired communi cation cables. The availability of subsea status
information can provide imediate confirmation of a fail-safe situation and
enabl e a rapid response to be achieved to a developing situation. 5 A
rapi d response to dangerous situations can save lives, significantly reduce
envi ronnmental pollution and thereby reduce the cost of rectifying
situations which arise. 6 CLAIMS: 1. A nethod of nonitoring the operation
of a subsea hydrocarbon production control system the method conpri sing
nonitoring at | east one subsea device of the 5systemand, if the device
fails to a fail-safe condition, sending an indication of that by wrel ess.
2. A nmethod according to claim1, wherein said indication is sent to a
fail-safe nonitoring unit.



3. A nethod according to claim2, wherein said unit is a subsea unit. 104.
A nethod according to claim3, whereiin said subsea unit is in a subsea
power distribution and protection m)gul e. 5. A nethod according to any
preceding claim wherein the at |east one device conprises at |east one of
a val ve ang jydct uating mechani smfor a val ve. 6. A met hod according
to any precegln'g' claim wherein the indication is sent from 15fail-safe
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7. A method according to claim 6, wherein the system has at least one further such
tree from which, if a device associated with it, fails to a fail-safe condition, an
indication to that effect is sent by wireless from fail-safe monitoring means of the

20 further tree.

8. A subsea hydrocarbon production control system, comprising means for
monitoring at least one subsea device of the system and means for, if the device
fails to a fail-safe condition, sending an indication of that by wireless.

9. A system according to claim 8, wherein, in use of the system, said indication is

25 sent to a fail-safe monitoring unit of the system.

10. A system according to claim 9, wherein said unit is a subsea unit.

11. A system according to claim 10, wherein said subsea unit is in a subsea power
distribution and protection module.

12. A system according to any of claims 8 to 11, wherein the at least one device

30 comprises at least one of a valve or an actuating mechanism for a valve.

13. A system according to any of claims 9 to 12, wherein, in use of the system, the
indication is sent from fail-safe monitoring means at a tree of the system with
which the device is associated.

14. A system according to claim 13, wherein the system has at least one further such

35 tree from which, if a device associated with it, fails to a fail-safe condition, an
indication to that effect is sent by wireless from fail-safe monitoring means of the

further tree.



