1 SHUTTING DOWN AN UNDERWATER FLUID PRODUCTION WELL Field of the Invention
This invention relates to shutting down an underwalier fluid production well. Background of the
Invention 5When electric power is lost to an underwater fluid production well (for example an
underwater hydrocarbon production well), the well shuts down. Currently, on subsea control modules
with electrically opespgthNGDOWILAN YNPERWAYERTFLUID®ROBUUTIONanELectrical power is
lost, which can result in damage to the surface controlled sub-surface safely valve, because fluid was
flowing atthe medaldhieyalve was closed. A solution to 10 this problem is to close the low
pressure valves first, thus shutting off the production fluid flow, before closing the high pressure

valves, byhsUGheARGANRRES RAONRLRS RaMIaHes e SRRRRHDYAEA G Sequencing. Currently, for

subsea oil wells located at short distances from the topside system, the problem can be solved by

venting %ﬁg}g!lﬁal ﬁqpéelmégﬁ\mressure hydraulic supply, followed by the high pressure supply, and

t
for longe lex hydraulic sequencing has been employed using flow restrictors

to atempy fo Rold.te high pressure pYStetn ressuleup IR dongel fian e oy gressiro ystem.

Summary o0 the TRvention ccording to this invention from onepaspect, ere’is proslqaerapéepragduction

control sys@ervaieanygrerabarpraelctiamyrisirne 26 shele cloiwallyCopseritadomeupsefoesiipplying

first hydraydigufsciar aeaninga disstaeatiivalve aliis welks, aisegond slagrisalnapaipian means,
for supplying second h dra]ullc f\l@%ﬁt a hlgher pressure than said ﬂrft fluid, fortj) ening a ‘urther
control vEIGEBFRhEGHER: = 105t YEGdh 6Rc ERLLILR, SOPIBRR A b RIACRI RIS 5Tt AGFsaid first
and secosai@;’évabanbemﬁe quidnwaailc[m'rmg)latrdibrtgrtqef@mjew@/efvmsimmidﬂcenlwtidmap/_es as a
resyf of &|053 Sl L IRALRAY RN IR FRL GIRCYQNIS SHHSH Y, SaI FRBUAHIRE DA RAMPAPING:

electrical power storage means; detection means responsive to said loss of power from said electronic
circuitry:; , before closing the high pressure valves, but such a sequence cannot be controlled

without complex hydraulic sequencing. Currently, for subsea oil wells located at short
distances from the topside system, the problem can be solved by venting the umbilical cable
of low pressure hydraulic supply, followed by the high pressure supply, and for longer offset

15  solutions, complex hydraulic sequencing has been employed using flow restrictors to attempt
to hold the high pressure system pressure up for longer than the low pressure system.

Summary of the Invention

According to this invention from one aspect, there is provided a production control system for

an underwater well, comprising:

20 first electrically operated means for supplying first hydraulic fluid, for opening a first

control valve of the well;

second electrically operated means, for supplying second hydraulic fluid at a higher
pressure than said first fluid, for opening a further control valve of the well;

electronic circuitry for providing electrical power for operating said first and second
25 means; and

means for controlling the sequence of closing said control valves as a result of a loss

of electrical power from said electronic circuitry, said controlling means comprising:
electrical power storage means;

detection means responsive to said loss of power from said electronic circuitry; and



2 means coupled with said detection means for using electrical power from said storage means to
keep said further control valve open for a period after closure of said first control valve and close it
after said period.  Typically, said electrical power storage means is charged by electrical power from
said 5electronic circuitry. Said electronic circuitry typically comprises at least one subsea electronics

module in a subseakpRIEOpROIMIB alAdtraststibe WelknEyRicalingaisketatagearang@ndssaid means

coupled W|th said detecpo _means are |grsésud Sl.be?vaé %orétr I()and‘élr? leﬁSald flrst elefctrl%a}l Pperated
means coucioagomprlse a flrs?%llre&lona Comrolvane: SR secon% Ioctrlcally opera fedeans

comprisitgrirebvalre ahehsadl @WMIQ&Q@OQ' ypically, said detection means comprises means
responsive to the pressure of hydraulic fluid supplied from said first electrically operated means. Said
first contrbfpiediig, tppidatiecoicyirizasea stochgetioreflogd isoctiropediny. éeSaicafuptivesrctyomobaalve
typically g@g@%ﬁg%@cﬁwyace controlled sub-surface safety valve. The system could be such that, in
response to closure of said first control valve, first hydraulic fluid is vented therefrom and, in response

to closur S ulic flyid i ep f is, case,
said first%ggra% o %n(go%?ﬂ%f)kg@gﬁ%d& gn?ﬁlg(%]rst e%c%n%gﬁ;g cL()]igg(raéted’ng &@Eégfﬁﬁgrr?g%lﬁec%ilonal
control vé%%&%ﬁ%m@ﬁ%ﬁilﬁdréﬁtﬂéhﬁmlfrom said first control valve occurs, said second
hydraulic fluid being supplied to said second electrically operated means from another directional
control vdlyeiceily,\whidistecrgimg etnsarilsdit oreans derieddvitbsas deleetioccneanaeceididgdo this
inventiong{igsa ARSLNSI AeRErd, there is provided a method of shutting down a production control
system for an underwater well, the system comprising: 25first electrically operated means for

supRlyings gty et Aig of98 AN G A LTSS AR ke OfidiedhEdional control valve, said

second electrically operated means comprising a second directional control valve.

Typically, said detection means comprises means responsive to the pressure of hydraulic
fluid supplied from said first electrically operated means.

Said first control valve typically comprises a production fluid control valve.
15  Said further control valve typically comprises a surface controlled sub-surface safety valve.

The system could be such that, in response to closure of said first control valve, first
hydraulic fluid is vented therefrom and, in response to closure of said second control valve,
said second hydraulic fluid is vented therefrom. In this case, said first hydraulic fluid could
be supplied to said first electrically operated means from a directional control valve, via
20  which venting of that fluid from said first control valve occurs, said second hydraulic fluid
being supplied to said second electrically operated means from another directional control

valve, via which venting of that fluid from said second control valve occurs.

According to this invention from another aspect, there is provided a method of shutting down

a production control system for an underwater well, the system comprising:

25 first electrically operated means for supplying first hydraulic fluid, for opening a first

control valve of the well;

second electrically operated means, for supplying second hydraulic fluid at a higher
pressure than said first fluid, for opening a further control valve of the well;

electronic circuitry for providing electrical power for operating said first and second
30 means; and



second electrically operated means, for supplying second hydraulic fluid at a higher pressure than said
first fluid, for opening a further control valve of the well; 3 electrical power storage means, the method
comprising: controlling the sequence of closing said control valves as a result of a loss of electrical
power from said electronic circuitry by, in response to said loss of power from said electronic circuitry,

using electrical préecHIgBEsIdistagRIAdAANRSONEIRI SV HHEIRGr Scontrol valve open for a period
after closure of said first control valve and close it after said period. Brief Description of the Drawing

Fig. 1 i||UStrateSc@iﬂ%ﬁiH&“ﬂﬁé‘|¥e§ﬁl@eF%@Vcﬁn&IB§fﬁ§ favaiheentrahaystemAceaiding 9 R3s of
embodiment of this invelziption. Jﬁ?etailed descrﬁmof the Invention Rﬁferrin to Fig. 1, two subsea
u
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the subseg gLl odulel & BERRH RIS UBIEHVERSER: AANIAIASHR ISLRAHE AERURRY SAd an
electronic printed circuit 15 card 5. The latter carries charging circuitry 6 to charge a battery 5, which
is conne®ePE a power supply unit (PSU) 7, which powers a central processor unit (CPU) 8 which
includes a flash memory, interfaces suitable for accepting inputs from pressure switches 9, 10 and 11
and an iredgaPese RO R PFIWIRG

13. The battery 4 is charged by charging circuitry 6 from either subsea 20 electronics module 1 or
subsea efigtrbiiigstiaiedudiagreiaticaliyghelirteggpicdys2a\g welogarsiahey biene aeacsdigsapplying
power to dhiHQWehsHPRIY WBFiswmder normal operating conditions. Reference numerals 16 and 17
designate hydraulically latched directional control valves for supplying low pressure hydraulic power
fromea '°We?éﬁé§'ﬁr§‘s8ﬁ’5ﬁ§ﬂi9?‘tﬁéj HFSHiseuUrce to a 25 production master valve (PMV) 18 and a
production wing valve (PWV) 19 respeciively, the hydraulic pressures at the outputs of valves 16 and
17 being ypressyre swi S 1Qr tively- Direct] contr , d 17 are
opened b@%ﬁ%@tﬁeﬁééﬁctﬁg g}rﬁ:é%%%g %Ws%wic %nﬁ%eéﬁs%%o@grl\% FZEfé rom @Ebsﬁég% e%:?lrliﬁ}?é] module
1 or linesSgbEraKeII® Mo 'Subosatetkettchi¥RieAbWElE treandih RANRNI A FeriRiIcef S ihédenrter

30hydraufiealljel@@x@stnal to the modules 1 and 2 (but internal to the subsea control module in a
pressure isolated vessel), contains a rechargeable battery 5 and an electronic printed circuit

15 card 5. The latter carries charging circuitry 6 to charge a battery 5, which is connected to a
power supply unit (PSU) 7, which powers a central processor unit (CPU) 8 which includes a
flash memory, interfaces suitable for accepting inputs from pressure switches 9, 10 and 11
and an interface to a line 12 for providing an electrical signal to open a directional control
valve (DCV) 13. The battery 4 is charged by charging circuitry 6 from either subsea
20  electronics module 1 or subsea electronics module 2 via a supply line (typically 24V) 14 or
15, the battery 4 also supplying power to the power supply unit 7 under normal operating

conditions.

Reference numerals 16 and 17 designate hydraulically latched directional control valves for

supplying low pressure hydraulic power from a low pressure consolidated (LPC) source to a
25  production master valve (PMV) 18 and a production wing valve (PWV) 19 respectively, the

hydraulic pressures at the outputs of valves 16 and 17 being detected by pressure switches

9 and 10 respectively. Directional control valves 16 and 17 are opened by respective

electrical enabling pulses on lines 20A and 21A from subsea electronics module 1 or lines

20B and 21B from subsea electronics module 2 and in normal operation are thereafter
30 hydraulically latched.

Reference numeral 22 designates a hydraulically latched directional control valve for
supplying high pressure hydraulic power from a high pressure consolidated (HPC) source to
a surface controlled sub-surface safety valve (SCSSV) 23, hydraulic pressure at the output



Reference numeral 22 designates a hydraulically latched directional control valve for supplying high
pressure hydraulic power from a high pressure consolidated (HPC) source to a surface controlled
sub-surface safety valve (SCSSV) 23, hydraulic pressure at the output 4 of the valve 22 being
detected by pressure switch 11. In normal operation, directional control valve 22 is opened by an

electricalgnablingveutse peiryliaedded ey sebsae eationics modidenhosselingor4Bifsendsalbsea

electronigs moluls 2, Werealier remgining bydiaulical fpiched, SReference nymeral 29 designates a
directional control valve for s raulrc fiuid from the 16
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from subgog glmetigniagwegdule 1 or a line 26B from subsea electronics module 2 and in its closed

position venting fluid from the source to a low pressure (LP) return. Directional control valve 13, when
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then be controlled by either the subsea electronics module 1 or subsea electronics module 2 in the
normal mARMEN PEERRH kP BENHEY BOUHE 192U RTREPHRIGARL RIWbF the electrical signal from

either subsea electronics module 1 or subsea electronics module 2, whilst their electric power is still
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control module. In the event of electric power failure to both subsea electronic modules 1 and 2, the
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27 from subsea electronics module 1 or line 28 from subsea electronics module 2 causes
valve 13 to be opened, enabling high pressure consolidated hydraulic power to the
hydraulically latched valve 22 which can then be controlled by either the subsea electronics
module 1 or subsea electronics module 2 in the normal manner, i.e. via line 24A or 24B.
25  Transition from high to low of the electrical signal from either subsea electronics module 1 or
subsea electronics module 2, whilst their electric power is still available, will result in the
valve 13 being driven to the closed or vent position, i.e. allowing venting of the hydraulic
actuator of the valve 23. Note that the consolidated low pressure and high pressure
hydraulic sources result from separate twin sources which are consolidated within the
30 subsea control module.

In the event of electric power failure to both subsea electronic modules 1 and 2, the timed
sequence of the shutdown module 3 comes into operation, powered by the battery 4. At
power loss to subsea control modules 1 and 2, the valves 16, 17 and 25 will close to their
venting positions allowing the production fluid valves 18 and 19 to close and vent to the low
35 pressure return. The surface controlled sub-surface safety valve 23 will remain open, since



5 the directional control valve 22 being hydraulically latched since the venting directional control valve
13 remains powered (from the central processor unit 8 under power from battery 4) preventing
hydraulic fluid venting from the valve 23. After an initial period, if the pressures to which the pressure
switches 9 and 10 respond have fallen below a threshold 5 set in the logic in the central processor

unit 8, thyseingieatisathes e praductioniiig figorvalvan 1RenedLSinde eeseentie dileetional control

valve 13 5 cioser by the cental pracesser it 8, allowina e valve 23,5 venbia he high pressure
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An advantage is that potential damage to a surface controlled su _SUFFACE Valve can be prevented by
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power for operating said first and second means; and
The embodiment of this invention could be varied using valve position detectors or pressure
transducers rather than pressure switches. Dual batteries could be used, one being charged
while the other is ready to use. Depending on system requirements, valve 13 could be a
hydraulically latched directional control valve to reduce power consumption.

20  Advantages of using the Invention

An advantage is that potential damage to a surface controlled sub-surface valve can be
prevented by the controlled shut down on electric power failure to the well, this being
particularly applicable with oil field developments which are located at a long offset from the
topside control system.

25



means for controlling the sequence of closing said control valves as a result of a loss 100f electrical
power from said electronic circuitry, said controlling_ means comprising: electrical power storage
means; detection means responsive to said loss of power from said electronic circuitry; and

means coupled with said detection means for using electrical power from said storage means to keep
said further AmSo! valve open for a period after closure of said first 15control valve and close it after
said period. 2. A system according to claim 1, wherein said electrical power storage means is charged

by electrigal povigs BRI Slaeirapfe ALY urdwatatare ReeRRgRhEp claim 1 or 2, wherein said
electronic circuitry comprises at least one subsea electronics module in a subsea control module at a

tree of the well. 204 A SyRiaM BSSAILINGIARIR JuBMARRINIRRIAHOAREME RS BpehaRILMRANS

coupled with said detection means are in said subsea control module. 5.A system according to any
precedin§EIERhV3FePE RS Yl first electrically operated means comprises a first directional control
valve and said second electrically operated means comprises a second directional control valve. 256.A

systém accordirf§teehs/esieicatiireperaied Wsansin ©4igupetscgoreresany emmliniled icah9hesponsive

to the pressysarefthyecuidiciiuid By rsigsehpg saidtfiestiacdicaly epgiaigdimeans. 7 8. A system
according to any preceding claim, wherein said further control valve comprises a surface controlled

sub-surface saf@y¥@IMR: circuitry for providing electrical power for operating said first and second

means; and

means for controlling the sequence of closing said control valves as a result of a loss
10  of electrical power from said electronic circuitry, said controlling means comprising:

electrical power storage means;
detection means responsive to said loss of power from said electronic circuitry; and

means coupled with said detection means for using electrical power from said
storage means to keep said further control valve open for a period after closure of said first
15  control valve and close it after said period.

2. A system according to claim 1, wherein said electrical power storage means is
charged by electrical power from said electronic circuitry.

3. A system according to claim 1 or 2, wherein said electronic circuitry comprises at
least one subsea electronics module in a subsea control module at a tree of the well.

20 4. A system according to claim 3, wherein said storage means and said means coupled
with said detection means are in said subsea control module.

5. A system according to any preceding claim, wherein said first electrically operated
means comprises a first directional control valve and said second electrically operated

means comprises a second directional control valve.

25 6. A system according to any preceding claim, wherein said detection means comprises
means responsive to the pressure of hydraulic fluid supplied from said first electrically
operated means.

7. A system according to any preceding claim, wherein said first control valve
comprises a production fluid control valve.



9. A system according to any preceding claim wherein, in response to closure of said first control
valve, first hydraulic fluid is vented therefrom and, ig response to closure of said 5second control
valve, said second hydraulic fluid is vented therefrom. 10. A system according to claim 9, wherein said
first hydraulic fluid is supplied to said first control valve from a directional control valve, via which

venting of that flyid feasmsatstHrgingo franyalyie @sings chieh SaiBcseiR0REiRYRliBrEIC Hontrés seplied to
said secorégn elrectéi%all rfgggraotﬁtg me stfrs%rr?agg%té}eg dig«?\%ional control valve, via which venting of
that fluid FFONT T0SAId SEc6Rd Tont PY Wsthod of shutting down a production control

control valve occurs.

system for an underwater well, the system comprising:. first electrically operated means for
sUpplying first hTATIRTIRRICTSNGETY BARSCLOH T Ve e R T W ERP TR0 AP G PO AP
operatedfmseanstrtﬂ)wahrppfjm@;smamﬁd Ihy'drammfmidfm_rafmgimqamasmm_)ti_sancsaidsf_jrstdfmdldfor
opening adustes SARS LRIV dRfé@@oW&'Hydrelluﬁé%ﬁif??@Q/éi‘{t%H'E%FB{r&FQV'd'”9 electrical power for

operating said first and second means; and electrical power storage means, the method comprising:

20controllipa the, seanence.ofeiAsng saif coiRbaesas AraRLILala aRe ot lssidsabaayer from

said electronic circ i; y, In‘response to said loss of power from said electronic Circuitry, using
electricalfbﬁv@éf“ff@ drgm@gé%m% @@ﬂi@éﬁ%&% Ylﬁtﬁ@ﬁﬁdﬁﬁmgﬁﬁi@%ﬁwmp@ ﬁéﬁdﬂ%ﬂer
closure ofsatd|firsheosieolyabvel 3al Jesend affarcais fRedies s g3 i ethe d sy diRgtiRAlpim 11,
wherein said electrical pawer storage meapns is, charged electrical powey. from said electronic
Ciouiry. ODS AR R AR e AT s OO LA o et A oSSR o s
onel8ubsridetectathiesnirmaalesivecssea control module at a tree of the well. 14. A method

according to any of claims 11 to 13, wherein said first electrically operated 30means comprises a first
directiondicontdlnattiechntl seuttirgee comoh elgrtvitatlipoperdteldsystem for an underwater well, the

system comprising:

first electrically operated means for supplying first hydraulic fluid, for opening a first

control valve of the well;

15 second electrically operated means, for supplying second hydraulic fluid at a higher
pressure than said first fluid, for opening a further control valve of the well;

electronic circuitry for providing electrical power for operating said first and second
means; and

electrical power storage means, the method comprising:

20 controlling the sequence of closing said control valves as a result of a loss of
electrical power from said electronic circuitry by, in response to said loss of power from said
electronic circuitry, using electrical power from said storage means to keep said further
control valve open for a period after closure of said first control valve and close it after said
period.

25  12. A method according to claim 11, wherein said electrical power storage means is
charged by electrical power from said electronic circuitry.

13. A method according to claim 11 or 12, wherein said electronic circuitry comprises at

least one subsea electronics module in a subsea control module at a tree of the well.

14. A method according to any of claims 11 to 13, wherein said first electrically operated
30 means comprises a first directional control valve and said second electrically operated

means comprises a second directional control valve.



means comprises a second directional control valve. 8 15. A method according to any of claims 11 to
14, wherein said loss of power from said electronicscircuitry is detected from pressure of hydraulic fluid
supplied from said first electrically operated means.” 16. A method according to any of claims 11 to 15,
wherein said first control valve 5comprises a production fluid control valve. 17. A method according to

any of claigrs 1iatendthodetRimipaidofarher eeniisl vatsel somiRsieas capLIdas® Coowel edm Waigurface
safety valye.. 18. A method according to any of claims 11 to 17 erein, in.response to closure of
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10seconéleotiigallvaperateddns@esnd hydraulic fluid is vented therefrom. 19. A method according to
claim 18, wherein said first hydraulic fluid is supplied to said first electrically operated means from a

directiondlbcontrd| wetredvizcedithgy émtany offthdaifhadifrotn 4&id vinstreiontaibvétst ootk vaive said
secahd hé%‘ﬁ;‘r‘ié%é"aliﬂr'lﬁjﬁl{f?&#i‘ﬂgiéocéﬁ{poﬁ%%.d electrically operated means from another directional

control valve, via which venting 15of that fluid from said second control valve occurs.
17. A method according to any of claims 11 to 16, wherein said further control valve
comprises a surface controlled sub-surface safety valve.

18. A method according to any of claims 11 to 17, wherein, in response to closure of said
first control valve, first hydraulic fluid is vented therefrom and, in response to closure of said
10  second control valve, said second hydraulic fluid is vented therefrom.

19. A method according to claim 18, wherein said first hydraulic fluid is supplied to said
first electrically operated means from a directional control valve, via which venting of that
fluid from said first control valve occurs, and said second hydraulic fluid is supplied to said
second electrically operated means from another directional control valve, via which venting

15  of that fluid from said second control valve occurs.



