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of the Invention 5The present invention relates to nonitoring a subsea

i nst al | atwornpi12sustesas a hydrocarbon extraction wel | i nstralriGR200m52309
Background of the Invention 10Fig. 1ishows the typical system
configuration of a subse ocar ho r LQ : installation. The
configuration conprises AR Fester control unit (MCU)
1, an electrical power unit 2 and a hydraulic power unit 3, all of which
may beI; t qu on arig, floating platformor onshore. The MCU 1 provides
an 15-é§§#§h@%ﬂﬂﬁﬁ8¥face with itens of subsea equi pnent, and displays the
current states of such equi pnent and sensor information, enabling the

oper at to control the system It also enables trend anal ysis to be
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such asxthetioppesiaihstamaibonst at es of subsea val ves and data relating to the
state of production flow into and across an entire hydrocarbon extraction
field for exanple. Electrical and hydraulic 20power is provided for the

i tens dEackulasd ofBgilpyeaién by units 2 and 3. An unbilical cable 4 which
connects the above units to itens of equipnent installed on the sea bed
(and usually nounted on a Christmas tree 6), the unbilical 4 carrying
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Christmas tree 6§, the SCM5 controlli subsea control processes, providing
hydrauU?%a%ﬂﬁﬁfﬁﬁﬁpﬁﬁg?éﬁgwcqﬂmﬁ@?HE?@RW%PQES mounted on the Christmas tree
6 and at the wellhead. It also receives process instrunentation signals on
aline 8 fromsensors unt n the ristmas tree and at, t he wel | head,
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data such as the operational states of subsea valves and data relating to the state of production
flow into and across an entire hydrocarbon extraction field for example. Electrical and hydraulic

20 power is provided for the items of subsea equipment by units 2 and 3.

An umbilical cable 4 which connects the above units to items of equipment installed on the sea

bed (and usually mounted on a Christmas tree 6), the umbilical 4 carrying communication links.

25 A subsea control module (SCM) 5 installed on the Christmas tree 6, the SCM 5 controlling
subsea control processes, providing hydraulic power on a line 7 to actuate valves mounted on
the Christmas tree 6 and at the wellhead. It also receives process instrumentation signals on a
line 8 from sensors mounted on the Christmas tree and at the wellhead, the signals being
received and processed in a subsea electronics module (SEM) 9 in the SCM 5.

30
The subsea equipment has to be reliable and operate in the harsh environment subsurface and
ensure satisfactory operation over a life of up to 25 years, for example. Knowledge of the
states of items of equipment is required in order to achieve satisfactory performance and to
reconfigure or replace equipment where performance is deteriorating, before major faults occur

35  which require the system to be shut down. For this purpose, instrumentation is built into the
subsea equipment to monitor the operational states of pieces of equipment, in the form of a

health or condition monitoring circuitry 10 on a circuit board or card in the SEM 9.



35 which require the systemto be shut down. For this purpose,
instrunmentation is built into the subsea equipnent to nonitor the

oper at i onalb 28t2at78®30f pi eces of equi pment, in the form eCTaHweH/dSR30Or
condition nonitoring circuitry 10 on a circuit board or card in the SEM 9.
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nnnitoring.of ggybgﬂﬁnt of the installation in the storage nmeans. According
to the HPEEEA 9B f r om anot her aspect, there is provided a subsea
well installation conprising a subsea control nodule in which is provided
data st orage means, th dat a storage neans bei ng adapted for storing data
resultié@ﬁé&@#ﬂjhﬁ#¥$ﬁ¥ﬁg equi pment of the installation. Preferably, said
dat a storage nmeans is in a subsea el ectronics nodule of the subsea control
nodul e. his case, the data_storage neans could he on Ult board of
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30The dabses lirsta@eoneanpripingf erably conprises a non-volatile nmenory. The
data storage neans could be pre-configured with information identifying
equi pnent bei ng nonitored.

providing data storage means in a subsea control module; and

storing data from the monitoring of equipment of the installation in the storage means.

20
According to the present invention from another aspect, there is provided a subsea well
installation comprising a subsea control module in which is provided data storage means, the
data storage means being adapted for storing data resulting from monitoring equipment of the
installation.

25

Preferably, said data storage means is in a subsea electronics module of the subsea control
module. In this case, the data storage means could be on a circuit board of the subsea

electronics module which carries condition monitoring circuitry.

30 The data storage means preferably comprises a non-volatile memory.

The data storage means could be pre-configured with information identifying equipment being

monitored.

35 The data could include results from the monitoring of equipment of the subsea control module
and/or conditions in the subsea control module. Such data could include results from

monitoring at least one of a directional control valve of the subsea control module,



35The data could include results fromthe nonitoring of equipnent of the
subsea control nodule and/or conditions in the subsea control nodule. Such
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15 and is available whenever repairs have to be carried out by the manufacturer.

The invention enables the provision of a “black box” function for subsea control equipment.
Although the invention finds particular utility in the case of hydraulically activated subsea
control, it is equally applicable to an all-electric subsea control system and could be applied

20 elsewhere than in a well installation, for example to a CO; sequestration installation.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of the typical configuration of a subsea hydrocarbon extraction

25 well installation; and

Fig. 2 is a schematic diagram of the configuration of Fig. 1 modified in accordance with an

embodiment of the invention.

30 Detailed Description of the Invention

Referring to Fig. 2 and as stated above, the SCM 5 includes subsea electronics module 9. The
module 9 is microprocessor based and comprises several printed circuit boards or cards, with
various functions such as communication with the MCU 1, interfacing with instrumentation and
35 sensors and controlling valves and hydraulics. It also contains health or condition monitoring
circuitry 10 on a circuit board or card, and in the embodiment of the present invention, a non-

volatile memory 11 is included on the card as data storage means in communication with
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times and board power (particularly relevant for optical modems) but it will be appreciated that

the present invention may be used in respect of all of the items of subsea equipment with which
the SCM 5 interfaces.

20  The data in the storage means 11 could be protected so that it cannot be tampered with.

To create a chronological log of data stored in memory 11, the SEM 5 must have a concept of
absolute time. Currently, SEMs do not have this. Accordingly, the embodiment is preferably
provided with time synchronisation by a remote server, which could be accommodated by

25 embedding a time stamp in control commands received from the MCU 1 or by the SEM running
a process that actively solicits a time stamp when it needs one. The MCU 1 or any other
remote server could host a client to service this (e.g. using Network Time Protocol). Typically,
entering data into the memory 11 only occurs when the value of a parameter changes or when
a particular event occurs.

30

Advantages of using the Invention

The invention can automate and make readily available the collection of basic data on the
cycles accumulated by items of subsea equipment associated with the control of Christmas tree

35 infrastructure down to the level of actuators and valves.



15 and pressures, conmmands to operate DCVs, fluid levels, humdity,

salinity, board power up tinmes and board power (particularly relevant for
optical nwOoenp)o7hws it will be appreciated that the pre®emGB20U52300n May
be used in respect of all of the iten8 of subsea equi pment with which the

SCM 5 interfaces. 20The data.j.n tphe storage nmean 1 could b rotected so
Chat i tREHRG e 8 e iseRoing BlESe Pty fecdte Fhgbes maare s
st or ed ghysig@ydetoddied fro@ sBhblive cisstméadeta aitGianeepicf absol ute time.
Currently, SEMs do not have this. Accordingly, the enbodinment is preferably
provided with tinme synchronisation by a renote server, which could be
?ccomrﬁm@taobrtlnmdmgn mﬂddi&%gag rlol ¢omtrat ﬂ,umiptidnmlityoa;]ﬁon @ls mmTiamdStolr@eg;bMeﬁ
romthe or by the running a process that actively solicits a
time staéﬁb%réﬁ r?‘fe'%@%&taiﬁg‘. t Wﬁ'g)eﬁ\y%ﬂ"ﬁ‘.&&'veany other renote server coul d
host a client to service this (e.g. using Network Time Protocol).
Typi cal enterin ata into the nepory 11 only. occurs whe he val.ue of a
ooF arrettds cinGeRa e Bl sotPetrasutRien S b dethgekis toniga oolEIe ng
t he | nwanédton of adinetor N2k | MBasLAEMAENLs OftateXxadiitk raalethessdctel 1o avaiukcabineret he
col | ect.i basi c, data an t.he c%/cl ?]s(@?ccurrul.at ed by itenms of subsea

Rt g

n_o

equi pné?lfgrr% goreats R pformptiog Opfielfmas tree 35infrastructure
dowo to the | evel of actuators and valves. WO 2012/ 073003PCT/ GB2011/ 052309
5 By bei included within the SCMitself, the database provided by the
Gaty saoPpRtREted bl eRia G dR SRt B8 FROERt UL C TR ol o

W t hi n théieaddetUmanagemdiggrdédra@megondi ti on nonitoring has no control
functionality and, as such, a custonmer can be 5assured that receiving data
fromit will be non-intrusive. Data can be used by the well equi pnent

suppl i eThetioveasish shn @'rca@motabicfiti@‘l frg)ljtE),pdp?laftiagi“(bri-l‘lrwf’g)r(ﬁtﬁbiliemi iega?imgx nﬁﬁied $at or
usage neasurenents for exanple an erefore to produce npre infaqrne

ar gurert Lo oA A G HEL FOTOPJPoRar a9 I BT P 5909 dornicb agen wel
provi daesthiatibhe data storage neans can al so be shared with custonmers as
part of their asset nanagenent programmes.

The storage means can provide an unambiguous record of how a subsea well installation had
been operated. This could be particularly important following an incident where perhaps a

20 floating platform, and the operational data carried in the MCU, was lost.
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4. A method according to any preceding claim, wherein said data storage means

15  comprises a non-volatile memory.

5. A method according to any preceding claim, wherein said data storage means is pre-

configured with information identifying equipment being monitored.

20 6. A method according to any preceding claim, wherein said data results from the
monitoring of at least one of: equipment on a Christmas tree of the installation; sensors of the
installation; equipment of the subsea control module; and conditions in the subsea control

module.

25 7. A method according to any preceding claim, wherein data is stored in said storage

means in the form of a chronological log.

8. A subsea well installation comprising a subsea control module in which is provided data
storage means, the data storage means being adapted for storing data resulting from the

30  monitoring of equipment of the installation.

9. An installation according to claim 8, wherein said data storage means is in a subsea

electronics module of the subsea control module.

35 10. An installation according to claim 9, wherein said data storage means is on a circuit

board which carries condition monitoring circuitry.
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10 module.

14. An installation according to any of claims 8 to 13, configured so that said storage means

stores said data as a chronological log.

15



