Well Production Shut Down This invention relates to a method and system for controlling
production shut down of 5 an underwater fluid production well, for example a subsea hydrocarbon
extraction well. A preferred current method available to a well operator for shutting down a single
subsea well in a multiple well complex is via the surface platform. Data such as 10 pressures and
temperatures relating to the operation of the well are transmitted to the surface platform through
the well communication system typically via an umbilical cable. Such data are typically monitored
by the well operator. The need to shut down a well is usually automatically determined by an
integrated control and safety system (Wetirodictidn ShuxfBgwntegrity level (SIL) rated system
located at the 15 surface, though the operator may instigate this manually via the ICSS. Usually
the ICSS is connected to vent valves on the subsea high pressure unit (HPU) which when opened
cause the hydriaiglievsniigsliesiatestie ameiedpis depessiugeatraliooayyedvetion shie dastnwfil eventually
shut in, wigth the tineriaken ficid@salaigwispendsaiandhedength Bfdhraibdailisabdfidhis
determined that,a well shut down is required in 20 a controlled and timely manner, a command is
transmitted through the same communication system to a subsea electronic module (SEM) of the
the subsea well tree, the command typically resulting in the closing of a production wing valve,
followed by operatiomedf theent mathbe s\aildbés HiPE) weleosensdhat thieusirgtelmweatsiahel shuts in.
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pressures which may for e>_<|%mple be transmit}ed from sensors 9, 10 and 11 located
and shuts in. e command signal from the surface platform is received by a

25  subsea electronics module (SEM) located in a subsea control module (SCM), which
may be located at the well head. The SEM electronics drives a directional control
valve (DCV) in the SCM, which in turn controls the hydraulic supply to operate the

production wing valve.

30 A known system is shown in Fig. 1. As shown, a production flowline 1 is fitted with a
number of valves to control and protect the system, which include a surface-
controlled subsurface safety valve (SCSSV) 2, a production master valve (PMV) 3, a
production wing valve (PWV) 4 and a flow control choke 5. The valves 2, 3 and 4

are hydraulically operated and are self-returning, in that with a loss of hydraulic



15 on the well. In this case, in order to effect shutdown, a signal from at least one sensor 9, 10, 11
must be passed to the surface-located ICSS 12 via a SEM 7 and the umbilical, processed by the
ICSS 12, and then a shut down control signal is sent by the ICSS 12, through umbilical to the
subsea well head, via a SEM 7 to cause at least one DCV to activate, which in turn causes closure
of at least one valve, for 20 example a vent valve or production wing valve. A problem with such a
system is that it is lengthy and complex, involving 3 large number of components, and
communication is required from well head sensors to the surface and back again, and this leads to
lower than despedrréimbiites| miseda@snaaiitalkhdornesysteimsihdarebircina fston 'ppobability of
failure on demapgathabbwry @rrwrnLiK@lye@za@lwme)«@a.miaﬁwaﬁrﬁ@ialwe&e(wdvéew@ﬂ (SIL)
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platform 8 to a SEM 7 and associated DCVs, to actuate the appropriate valves to

achieve a production shut down (PSD). The decision to shut down the well is made
via an ICSS 12 as described above, typically from observations of temperatures and
pressures which may for example be transmitted from sensors 9, 10 and 11 located
15 on the well. In this case, in order to effect shutdown, a signal from at least one
sensor 9, 10, 11 must be passed to the surface-located ICSS 12 via a SEM 7 and
the umbilical, processed by the ICSS 12, and then a shut down control signal is sent
by the ICSS 12, through umbilical to the subsea well head, via a SEM 7 to cause at
least one DCV to activate, which in turn causes closure of at least one valve, for

20 example a vent valve or production wing valve.

A problem with such a system is that it is lengthy and complex, involving a large
number of components, and communication is required from well head sensors to
the surface and back again, and this leads to lower than desired reliability. Indeed,

25  such known systems have such a poor ‘probability of failure on demand’ that they
are unlikely to achieve even the lowest safety integrity level (SIL) rating, which is SIL
1.

It is an aim of the present invention to overcome this problem and improve the
30 reliability of the shut down system. This aim is achieved by providing a shut down

processing function at the well.

Such an implementation of a production shut down (PSD) system that locally, i.e.

subsea, detects a fault condition using sensors and a local processor, employing SIL



a)monitoring an output signal from a sensor located at the well; 15b)processing the signal to
determine if a shut down is required; and c) effecting shut down by sending a shut down signal to a
device to cause actuation of a valve located at the well, said actuation causing the well to shut
down production; wherein in step b), the processing is performed by a processor located at the
well. 20 In accordance with a second aspect of the present invention there is provided a system for
controlling production shut down of an underwater fuid production well, the well having a sensor for
producing an output signal indicative of the state of the well and a valve which is actuable to shut
down productieteadlgviigfivfatiae wayl, effrc 8sySie rwitmmiptisinean dan fonvesaieingtthéheutput
signal; and a pieeessahinsRIeFEasHIY HeeiReeiret SigbantnAatRominR if araball deyundg required
and outputting,§ syt dawn.sianal o (e valvesherain e recsiying meaps andpracgssor are
located at the well. e invention wil nowcge deScribed with referénce 1o the accompanying
drawings, in vATIERRSEY - 1 FSUHSHRRTIEafy fahER ST BRFK\ FEANSh FOMEstisRTion o electric

5 power from the surface, ideally results in a locally operated PSD.

In this way, the safety integrity of the well production shut down system is assured by
the local process as it can be SIL rated, whilst still allowing a traditional PSD by
command from the topside control system.

10
In accordance with a first aspect of the present invention there is provided a method
for controlling production shut down of an underwater fluid production well,
comprising the steps of:
a) monitoring an output signal from a sensor located at the well;

15 b) processing the signal to determine if a shut down is required; and
C) effecting shut down by sending a shut down signal to a device to cause
actuation of a valve located at the well, said actuation causing the well to shut down

production;
wherein in step b), the processing is performed by a processor located at the well.

20
In accordance with a second aspect of the present invention there is provided a
system for controlling production shut down of an underwater fluid production well,
the well having a sensor for producing an output signal indicative of the state of the
well and a valve which is actuable to shut down production activity of the well, the
25  system comprising:
means for receiving the output signal; and
a processor for processing the received signal to determine if a shut down is
required and outputting a shut down signal to the valve;
wherein the receiving means and processor are located at the well.
30
The invention will now be described with reference to the accompanying drawings, in

which:

Fig. 1 schematically shows a known well control system;



Fig. 2 schematically shows an embodiment of a well control system in accordance with the present
invention; and Fig. 3 schematically shows an enlarged portion of the system of Fig. 2. An
embodiment of the invention is schematically shown in Figs. 2 and 3. As far as possible, the
numbering used in Fig. 1 is retained for like components. In this embodiment there are many
components in common with the known system of Fig.1, which enables the inventive system to be
retrofitted to an existing well system with a minimufh of disruption. A local production shut down
(PSD) processor 10 18 is fitted at a well head within a SEM 7. This processor 18 is relatively
simple, with refativ&behemaisallylshitysadastadiretoteoGil welteibleo! | sy Higsrembesdirdeims one
processor 18 igifprpddesyvitiioeaash kM 7. In alternative embodiments (not shown) additional
processors 18 .may be provided within_ each SEM 7 to proyide back-un fungtionality. 15 Each
processor 18%9;3/6136 eegmt%'?(aaﬁelsvg V&?J?ﬁ]u?nsl?é %1% rrcP)'?anO?éf]s%a g??rpe??%égfgit:me sensors 9, 10 and
11, and proced8 ASRARSBLFLHFHRIBIIoE A ROHRIEHSSHY ST Ber 851 BYEnGRPVAIE -
productiors shpbskive iseraqoisednigyusgpiro pidateipraaresing iHdltespanputssignals, and to effect this
production shut down. To this 20 end, each processor 18 is also operable to output shut down
control signals to DCVs controlling appropriate valves 2, 3, 4 (described in more detail below with
respect to Fig!%ﬂ?'ﬁﬁ%ﬁﬁﬂ@&%&f?% ay acd’gbot‘é'be%sr@c‘é?\%?é'l%h‘f‘fjgf LR ¥SANICSS 12
located at thedbpitide pritiorenadlsTieeitgidif tyisidorid P8 Depaitiedstos AMuswsitied weltig. 3.

Predeterminegyitaifsai® tomtiessHsisBAD I REISEIspdistivfskutie i IPIwPsessssdts, for
example during initialisation pre-deployment, uring ongoin vice. These. limit are stored
within pré%esg%r'iﬁ%ﬁv?/ﬁt%i‘ﬁ%%‘ﬁﬁ‘%n '353%3&1 9 thﬁéngr&r:es?s%r 1 r'gcrgﬁtévs?qu%%]‘gr% ’%Esu rements

14 from the |0EHyRbsdeecriBAfEYattined SoHsoplos H-dAtpatleTHE JtspratodiBenis Winpares the
system measuretassis 18! iwithrdhiedimitithl3 .dacthSEMent ofra dtedhativeddobobaiegtsldtedted,

typically becaysg\ Al Isasti e PreasUre et SCeririad Mifis < RANSER BreceRserd 8 outputs

shut down operation control signals to appropriate DCVs 15, which act to control valves 2, 3 and 4.

The shut dowRPEGHAMBITHEIEHSm processor 18 is fed via an OR gate 16. Gate 16 also has a 5
15

Each processor 18 is adapted to receive output signals from pressure / temperature
sensors 9, 10 and 11, and process these as set out below. Each processor 18 is
operable to identify when a production shut down is required by appropriate
processing of these input signals, and to effect this production shut down. To this
20 end, each processor 18 is also operable to output shut down control signals to DCVs
controlling appropriate valves 2, 3, 4 (described in more detail below with respect to
Fig. 3). Each processor 18 is also adapted to receive control signals 19 from ICSS

12 located at the topside platform 8.

25  The logic of this local PSD process is illustrated in Fig. 3. Predetermined limits 13
for pressures and temperatures are fed to the PSD processor 18, for example during
initialisation pre-deployment, or during ongoing service. These limit data are stored
within processor 18 or within SEM 7. In addition, the processor 18 receives system
measurements 14 from the local pressure / temperature sensors 9, 10 and 11. The

30 processor 18 compares the system measurements 14 with the limits 13. In the event
of a fault condition being detected, typically because at least one measurement 14
exceeds a limit 13, then the processor 18 outputs shut down operation control
signals to appropriate DCVs 15, which act to control valves 2, 3 and 4. The shut
down signal output from processor 18 is fed via an OR gate 16. Gate 16 also has a



traditional 'black channel input control 17 fed to it as a command input, arranged such that loss of
the black channel input, for example due to a loss of electric power at the surface, automatically
causes gate 16 to activate DCVs 15 to close the valves 2, 3 and 4, and thus achieve a production
shut down. 5 As a further safety feature, each processor 18 is adapted to receive command signals
19 from ICSS 12 located at the surface, and to effect a PSD upon receipt of an appropriate
command control signal from the ICSS 12. 10The PSD processor 18 can be implemented in
hardware. Alternatively, the processor 18 may comprise a software program, for example written in
C, running in aaditiatnatYisimphe priet égsdr docabde d IvithincaitSisM ¢omimiaidisnthereforegstl rateable,

to provide progessifgviility; (D IRERCRSRREMANTabCXAMBIE BRNoUSEELiBraElecHoRiss board
within the SEM 7. 15 rfThe abtove-tde |crlbed embod (rsnents ,areﬁ'fe,?pil r OE:%/, %nd other
possibilities afAtt AitSIHAILIRMAHCAY C35i58 g7thd SrivasticHRIYE %éa?o Pt G Ekilled in the
art. For exampleé dndHeatddhesasiiodira@edspinnddwhdevay be effected from the surface either by
sending a;m appropriate control signal 19 to the processor, or by the 20 absence of a black channel

nput L7, nowgyes i AL ALSI S D SdinSpL command signald o S8R 1oy pupass

processor 18, and instea assed directly t ate 16. h an arrangement further
increases theS/8MatR/&R S M 1&'9?@"%93’%?9‘? ANERRatRyO &HRor SigRAEADRTRYE'SS 12 may
be dispensedawitipmnpiriety couthatitht dopsideycaritonl tsecif&Seid solely through black 25channel
input 17. While three pressure / temperature sensors 9-11 have been described, in fact the

18 ive inputs f ) ided at the well head. 30 While
the embAimAHt eSEHBASHS0e Coffbarcs (I RGN Lor98) Giale W BIESE: Ffts 13, other
methods for dEeeRFHAY RANIE: opmRItiesasalivRseRedr o rfexarapikie thatisrobe8siHangigsiem may
track the chaageianvesnsapRURItceYer BBt ARthach BERITfeC AUt MuRIsrésIenRaaiikat the rate of
change of he SEASRIONIRLLLS FAAERAS rfEILIRKE MO EINAN JDiRUIARY! fygjem could be

used, in which outputs from various sénsors can be monit compared to a model of
expected be}%@ﬁgap_ics board within the SEM 7.
15

The above-described embodiments are exemplary only, and other possibilities and
alternatives within the scope of the invention will be apparent to those skilled in the
art. For example, in the above embodiment, shut down may be effected from the
surface either by sending an appropriate control signal 19 to the processor, or by the
20 absence of a black channel input 17, however in an alternative embodiment,
command signals from ICSS 12 may bypass processor 18, and instead be passed
directly to OR gate 16. Such an arrangement further increases the relatively
simplicity of the system. Alternatively, control signals 19 from ICSS 12 may be
dispensed with entirely, such that topside control is effected solely through black

25  channel input 17.

While three pressure / temperature sensors 9-11 have been described, in fact the
processor 18 may receive inputs from as many sensors as are provided at the well
head.
30

While the embodiment described above compares the received sensor signals with
preset limits 13, other methods for determing fault conditions may be used. For
example, the processing system may track the change in sensor output over time,
and act to effect shut down in the event that the rate of change of the sensor output



7 Claims 1.A method for controlling production shut down of an underwater fluid production well,
comprising the steps of: a) monitoring an output signal from a sensor located at the well; b)
processing the signal to determine if a shut down is required; and c) effecting shut down by
sending a shut down signal to a device to cause actuation of a valve located at the well, said
actuation causing the well to shut down production; 10wherein in step b), the processing is
performed by a processor located at the well. 2.A éystem for controlling production shut down of an
underwater fluid production well, the well having a sensor for producing an output signal indicative
of the state ofeeeds|baredaniaiet iitrhatvabtuablietedigauit sialempaddctosettivivheihl Sthe well,

the system cogppjigingormeans for Jareidnehthe OutRHiSianalhansbapiReessy fRbpepeessing the

received signal to qeéebrmine if a shut down is required and outputting a shut down signal to the
. . e){P]eC e ehaviour.
valve; whereinthéreceiving méans and processor are located at the well. 20



3.A method according to claim 1, comprising the step of receiving, at the well, a control signal from
a surface location and logically combining this with the processor output, such that a shut down
signal may be received at the valve from either the processor or from the surface location. 4.A
system according to claim 2, comprising means, located at the well, for receiving a control signal
from a surface location and logically combining this with the processor output, such that a shut
down signal may be received at the valve from eitter the processor or from the surface location.
5.A method or system according to any preceding claim, wherein the processor is adapted to
receive contrdtigignsal received from a surface location and output a shut down signal in
dependence of the control signal. 6. A method according to claim 1 or a system according to claim

2, wherein the1 procgssor IS §I¥_6rrag%am§n 7. Aorggéhngnd (S)ﬁliysg[em ag{:%rrgirllﬂc}onﬁg%rprﬁuclgding claim,
wherein the prOcess_or"%ecse ermines TS shiit GwiTis required by comparing the sensor output with
a predetermiriEgditsiien wetl, sometiabY Siessistsrfaccording to any preceding claim, wherein the

proce;sowsder@)rminesriftarisbtﬁrm;fuis@%@uir@d byamrpeasmgdtbaysemor output with a 10mo_de||ed
behaviour. 9,06\ meﬁt&gsggn%yﬂg%ﬁgp@rggﬂ&mngwagrﬁﬁeﬂ@g igl?éH]uiPé@,eJr%n the well comprises a

plurality of sensors, and the proceSsor receives and processes output signals from each of said

plurality of sefisors S¥8CtY, ﬁ?‘Hﬁe‘iﬂWﬂ &Y SRAURP RIS SR BrdeifiRy CRilf, BHSein the

processor actuation of a valve located at the well, said actuation causing the well to shut down
production;
10  wherein in step b), the processing is performed by a processor located at the well.

2. A system for controlling production shut down of an underwater fluid
production well, the well having a sensor for producing an output signal indicative of
the state of the well and a valve which is actuable to shut down production activity of

15  the well, the system comprising:
means for receiving the output signal; and
a processor for processing the received signal to determine if a shut down is
required and outputting a shut down signal to the valve;
wherein the receiving means and processor are located at the well.

20
3. A method according to claim 1, comprising the step of receiving, at the well, a
control signal from a surface location and logically combining this with the processor
output, such that a shut down signal may be received at the valve from either the
processor or from the surface location.

25
4. A system according to claim 2, comprising means, located at the well, for
receiving a control signal from a surface location and logically combining this with the
processor output, such that a shut down signal may be received at the valve from
either the processor or from the surface location.

30
5. A method or system according to any preceding claim, wherein the processor
is adapted to receive control signal received from a surface location and output a

shut down signal in dependence of the control signal.



is located within a subsea electronics module at the well head. 11. A method or system according
to any preceding claim, wherein the valve 20comprises a directional control valve. 12. A method or
system according to any preceding claim, wherein the well comprises a hydrocarbon extraction
well. 2513.A method substantially as herein described with reference to the accompanying figures
2 and 3. 14.A system substantially as herein descrébed with reference to the accompanying figures

2 and 3.
6. A method according to claim 1 or a system according to claim 2, wherein the

processor is SlL-rateable.

7. A method or system according to any preceding claim, wherein the processor
5 determines if a shut down is required by comparing the sensor output with a

predetermined limit.

8. A method or system according to any preceding claim, wherein the processor
determines if a shut down is required by comparing the sensor output with a

10  modelled behaviour.

9. A method or system according to any preceding claim, wherein the well
comprises a plurality of sensors, and the processor receives and processes output
signals from each of said plurality of sensors.

15
10. A method or system according to any preceding claim, wherein the processor

is located within a subsea electronics module at the well head.

11. A method or system according to any preceding claim, wherein the valve

20 comprises a directional control valve.

12. A method or system according to any preceding claim, wherein the well

comprises a hydrocarbon extraction well.

25 13. A method substantially as herein described with reference to the

accompanying figures 2 and 3.

14. A system substantially as herein described with reference to the

accompanying figures 2 and 3.



