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updating of software.

25  The topside to SCM umbilical line typically carries control and monitoring signals via a
modem, whereas an SCM provides DC power and Fieldbus serial communications (e.g.

Profibus, Modbus, CANBus, etc) to the sensors and relays the sensor data to the topside

equipment via the umbilical.

30 A conventional Christmas tree 1 with connections between tree sensors, an SCM and

topside (surface) facility is shown in Fig. 1. Electric power, control and monitoring



a) providing a plurality of RF communication neans at respective conponents
of the installation. In accordance with a second aspect of the present
invention there is provided a 20 hydrocarbon extraction plant having an
underwat er hydrocarbon extraction installation including at |east one
hydrocarbon extraction well with an aSsociated tree, conprising a plurality
of RF communi cation neans provi ded at respective conponents of the

instal | atg pgrQiQ}s a?él*gﬁ f&ﬁ?ﬁf@%@@ ot PlaﬁoﬁﬁbfaQnml 9o hISCM @%ﬂimg avention

there is ovi d Control Mdul e for use in such a plant,
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in such a conprising ommiini catl on neans n accor ance with a
fifth asm{n\u o prioeides dgdrailic vorerl iobrvalveeaad iosheprdevices chon skemson ther use in
such % pl conprising RF conmuni cation nmeans. |In accordance with a
sixth @EF’of the present invention there is provided a manifold for use
in such a plant, conprising RF conmunication nmeans. In accordance with a
seventh aspect of the present invention there is provided a choke for use

in such dt jslasrim ofdhp present dnwrptionoterampratiedisedniirgost of thecBBrwandcbeini th t he

present xaml e,
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domnﬁgle devices. 10 This renoves the relatively unreliable
el ect'ro-nechani cal EEL el enents fromthe system and as potential obstacles
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Typi cal | ynablige rcommugicatien sfeen 4omRoREIs ofa hydrocarbon extraction pla

plant having an underwater hydrocarbon extraction installation including at least one
hydrocarbon extraction well with an associated tree, comprising the step of:
15
a) providing a plurality of RF communication means at respective components of

the installation.

In accordance with a second aspect: of the present invention there is provided a
20  hydrocarbon extraction plant having an underwater hydrocarbon extraction installation
including at least one hydrocarbon extraction well with an associated tree, comprising a
plurality of RF communication means provided at respective components of the

installation.

25 In accordance with a third aspect of the present invention there is provided a Subsea

Control Module for use in such a plant, comprising RF communication means.

In accordance with a fourth aspect of the present invention there is provided a Remote
Operation Vehicle for use in such a plant, comprising RF communication means.
30  In accordance with a fifth aspect of the present invention there is provided a sensor for

use in such a plant, comprising RF communication means.



5 range of 200 netres are between 50 and 100 bits per second, and at a
range of 2 netres between 1 and 10 Mega bits per second. Thus current
technol ogy satisfies the requirenents between process sensors and the SCM
and between an ROV and the sensors or SCM Current seri al
communi cat i ons-based subsea Christmas3t+ee / manifold sensors operate at
bet ween about 9. 6kbis and 38. 4kbis. These typically include pressure,

t enperature and conbi ned pressure and tenperature sensor types_(bath

r edundantln accbrdaone wish arsikdtnespeetrafitemprpsenCnvension these ismseHgsd amppifad for

comuni cation di stance betweenl . s, and since a typical subsea
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ratessin Jéﬁﬁ&%h%[anﬁ%éﬁﬁﬂﬁng"‘k@ RaMi@Ebeminst W ce the depth of sea water.
However, éevel oprment of subsea wirel ess comruni cation technology is

advancing at a rapid rate and operational depths are expected to increase

substant i alglﬁ%or- o8 Yithfie Bl?é@éfnflh"fe;ﬁ%??, MreRbd RE rl‘iﬂ{(é ¥8y SERAMIRA betv¥¢R! COM ng
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functions qf an is,.to.downl o software u , m a

Subsea El aégtth"of'ﬁ‘ TWRiST installagqy, aﬂgﬂg%ﬂnﬁieﬁw?tﬁre"%%ﬁé&%r &q%h%%%?géés{%segnsor s.
The preseftis temoBs iheReleiall Bfrchflle tRtir&hreanicaBEFK eleneatsi foom kiwr syssmes t o
connect reprogranm ng equi pnent to the SCMto be di spensed with.

Fur t her noand as petertial gbstacleselpring RV RPHR®MSer than the currently used,
relatively slow, copper-based communi cations systens. 10 Since subsea

W rel ess systens are able to penetrate the sea bed, the present invention
may be exCwermidg, the parformaecendt sliretss RF swhwer comaunisation i lindahnyIte devi ces

such as chokes and sensors. Additionalfy. i i C LCatd on with
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nmeans enphesyesn At anddO0siisge pits per second. Thus current technology satis

requirements between process sensors and the SCM, and between an ROV and the
sensors or SCM. Current serial communications-based subsea Christmas tree / manifold
sensors operate at between about 9.6kb/s and 38.4kb/s. These typically include pressure,
20  temperature and combined pressure and temperature sensor types (both redundant and
non-redundant versions). Current technology allows a communication distance between
10 and 50 metres, and since a typical subsea Christmas tree has dimensions of about \5

metres in each plane, wireless RF communication is achievable.

25  Between the platform and the subsea installation, direct wireless communication would
currently be limited to relatively shallow water systems in sea water, although
comparable data rates in freshwater systems are achievable at twice the depth of sea
water. However, development of subsea wireless communication technology is
advancing at a rapid rate and operational depths are expected to increase substantially in

30 the near future. An alternative embodiment, overcoming the range and data rate



installation. In a sinple enbodi ment, each such communi i

include an associated battery. Alternatively, various o?at LgnRFrreans coul d
comuni cation neans nmay be 20 powered by an underwater power source, such
as that described in a co-pending application. Sone systens incl ude’ a

mani fol d to couple the output of severht wells to a single fluid extraction
producti on pipeline, and such a manifold may be fitted with process

sensors, 25 and whic be renmpote fro t SeTanyilyt
bet ween tﬁ%‘%“ﬁ?oﬁ'@B@%éﬁgﬁlgal nBla Qch"gleﬁsefepe“ rdsgvﬁ“?%nt%'geql%tee or otC ﬁtelrOn
conmponent gs@flattdhe Pl ant, can al so be achieved by wireless RF |inks.
The present invention provides many advantages over conventional systenms as
gescrl beg 30above. These include: - 5. Reliability - Inproved reliability
due 10 thents eaht c?% ?o@eﬁhamo%hoaa%mﬁe @PifRted 36,061 @pRMrant,t t he
ectrica I"yi ng - Arenoval of the need for wet-nate SCM
?nd EFS cSubsea:tElernsnmd\/IsémlstEM)ahuﬂlsed théher 86N et taﬁmﬁ?ﬂeS%Fené%Fsi | eads
o]
a corresgondj ng red%i?%d Scké?ancgl lf},ﬁnggmeg&n ah{ggseﬁtqgl Qbnriek GE-

i nt er vent PEFENE attons. savi ngs 1 nventive

g;;?g?e”ﬁﬁl;ogi'aﬂﬂﬁﬁﬁg leqQuip@ ey to RE/SOpetoatiei dispenged. vmh nBurEivhere, dataratesmnay
i ons
be much greater than the currently used, relatively slow, copper-based communications

systems.

10
Since subsea wireless systems are able to penetrate the sea bed, the present invention may
be extended to include wireless RF communication with downhole devices such as
chokes and sensors. Additionally, it may provide communication with seabed seismic
sensors spread over a field to provide life-of-field seismic information.

15

To eliminate EFLs by the use of a wireless RF system, it is necessary to provide a local
power supply for the wireless RF communication means employed at the subsea
installation. In a simple embodiment, each such communication means could include an
associated battery. Alternatively, various of the RF communication means may be
20 powered by an underwater power source, such as that described in a co-pending

application.

Some systems include a manifold to couple the output of several wells to a single fluid
extraction production pipeline, and such a manifold may be fitted with process sensors,
25 and which may be remote from the Christmas tree. Communication between these
process sensors and each other, and with the tree or other components of the plant, can

also be achieved by wireless RF links.

The present invention provides many advantages over conventional systems as described

30 above. These include:



- There are reduced costs due to the renoval of different connector
interfaces (e.g. SCM EFL and sensor connectors); and 15The reduced
connectors and cabling | eads to reduced test requirenents. Reduced
installation costs - The renoval of the main topside to subsea

unbi | i cal saves a significant proportisan of 20the project cost. Tine
Savings - Fewer ROV operations are required during installation or
retrieval of SCMs and/ or 25sensors (i.e. no SCMto tree sensor EFL

oper at i orReliabilityt i s possible to communicate with a sensor via the SCM

wi t hout the need for specialist EFLs; and - If the range between the

t opsi de and subsea equi pnment proves to be too great to permt the required
data rat e, [hpteled RASSILIS aueqa thé kdmhdvabef elegtopechanisahconneetiosiassokigtednd
easily 30than an umbilical. -6-_Oher benefits - Wreless software

downl oadgvithghe Elestical E‘&Wgﬁéa@f@gﬁ’ed prior to deploynent; - Fast

re-prQgral I cohiod erdosyifea Control S5
I\/bdulg (S Cn&ré}g?‘f%g?ﬂthgﬂpep ogkngﬁ%{eéggr?q%g&/gfgecg?r{ed 'I%?E removes the need for
speci al el Bt reiduced apwunteft dabling lradrcto seoreepopdingbioedyced shanse fnaggingqui pment

E:gpfc)g(ra- nglg g% @?{t F‘S{?E‘I’th' rne%qgrﬁ%%rnggsgrﬁ%ngorrpar ed with a relatively slow

Cost Savings

10
- The inventive arrangement leads to fewer ROV operations (i.e. no SCM to Tree EFL
operations);
- There are reduced costs due to the removal of different connector interfaces (e.g. SCM,
EFL and sensor connectors); and

15 - The reduced connectors and cabling leads to reduced test requirements.

Reduced installation costs

- The removal of the main topside to subsea umbilical saves a significant proportion of

20 the project cost.

Time Savings

- Fewer ROV operations are required during installation or retrieval of SCMs and/or
25  sensors (i.e. no SCM to tree sensor EFL operations);

- It is possible to communicate with a sensor via the SCM without the need for specialist

EFLs; and

- If the range between the topside and subsea equipment proves to be too great to permit

the required data rate, then repeaters can still be deployed much more quickly and easily

30 than an umbilical.



- Fast re-programmng of a SEMin a SCMwhilst installed on a Christmas
tree can be 10 achieved via an ROV or other suitable host which would again
speed up SEM reprogrammi ng conpared to a relatively slow copper-based
comuni cations system and - An ROV SEM coul d communicate w th sensors
whilst a subsea Christmas tree and / dt- nanifold is being installed or
operated, before a Production Control Systemis installed. 15 The RF

comuni cati on e lI oyed by the present invention has various advantages over
ot her forgﬁ'—b!?igﬁ&el ess commruni cation, in particular acoustic

comuni cation. These include: a)RF si gnal s cross the water to air boundary;
20b) RF signals do not need |ine-of-sight tg reach th i nt ended
dest i nat i oWirelgss peftwarg dawaloadsdo sppsarsican e efiectediRIOF f Eﬂ?’“?eBE d) RF signals

are able tq. oy &Q@-g%éﬁlrﬁﬂ% Q);fgih stib\ea FiéeHics Moddle FSENRis aaSﬂJsbimJéﬂﬁolt o

acousti c noi se; S are 1mune to aerated water and hig
turbidt yMoﬂﬂe Sy qrriat m) deplbyrmnt sy ha|eﬁe@emsmﬁe@moy§%thsdwe¢ f%rows‘a?'ed to

gener bl bl ARGl SMB-IUTAerR  J8 o[ ot 5
of exanpl ﬂ)eed@ﬂ tub SEMEreezrhnmite ceaparianithng clativelygslow reopprdiased 30 y
communications system;
- Fast re-programming of a SEM in a SCM whilst installed on a Christmas tree can be
10  achieved via an ROV or other suitable host which would again speed up SEM re-
programming compared to a relatively slow copper-based communications system; and
- An ROV SEM could communicate with sensors whilst a subsea Christmas tree and / or

manifold is being installed or operated, before a Production Control System is installed.

15 The RF communication employed by the present invention has various advantages over
other forms of wireless communication, in particular acoustic communication. These

include:

a) RF signals cross the water to air boundary;

20 b) RF signals do not need line-of-sight to reach their intended destination;
c) RF signals are able to propagate through ice;
d) RF signals are able to propagate through the seabed;

e) RF signals are immune to acoustic noise;
f) RF signals are immune to aerated water and high turbidity;
25 g Generation of RF signals consumes less power compared to generation of acoustic

signals; and
h) There are currently no known effects on marine life from RF signals.
The invention will now be described, by way of example, with reference to the
accompanying drawings, in which:-
30

Figure 1 schematically shows a conventional Christmas tree; and



Figure 1 schematically shows a conventional Christmas tree; and - 7 -
Figure 2 schematically shows an exenpl ary hydrocarbon extraction plant in
accordance with the present invention. Fig. 2 shows a sinple enbodi nent of
the present invention, with a hydrocarbon extraction plant in which
conventional communication EFLs are r@placed by wireless RF links. As a
result, no unbilical cable is required. Simlarly to the arrangenent shown
in Fig. 1, a Christmas tree | is provided which includes an SCM 2 with an
i nt er nal Famne 2 Brkematicallypshams ansexemplsry bydroearbereextiastion plaet NAECordiéEnal SEM

by a sub via a cable 6. A plurality of process sensors 7 is
nount ed gﬁ&t‘ﬁgwé"é@%&fﬂ%" each sensor 7 10 being powered by an associ ated

battery 8. An interface between the SCM 2 and each of the process sensors 7

is achieyed by wireless RF co nicatjon, via.an RF antenn mount ed on
the SCM 2'8a Fhaws FeSimRle : 0?6#%[9?{@8 B"r‘?_s“é‘iclﬂv‘g'f'(’_{"h@”tar%?g?_goc g’ﬂgors 7.
The extr agird@Bn plaabin WhieNBorveftidHd P SorAmbMpSi FHEEN1aCdrt tdpYaced By WikieRs€RBt a
surface vessel or platform 11, which is also fitted with an RF antenna 12.
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wi rel ess VI a ant'enna 1 e antenna 9 nounted on the SCM 2.
I n the embathicypavershouppliedatothe 8CHE2 and teesinternal SEMs by roviisde gower sourse! i t at e

transm ssion t n.the vessel 11 and,SCM 2 en.the di e en them
is too grést “2’3? g\'ﬁﬁrpélér?ﬁ%oiﬁé‘?ffﬁsﬁegsrws Al ‘?‘ﬂ'ém\f,[\‘go? §‘°3F°8v“|"‘3'ig‘p°g‘esf %gﬁézet he
vessgh lbemBGowdRdd dnlBsclatedtitftetyn® AG[ARifBEe Bedweeh theiSTM 2and bavheifo at
roughly the required depth. The line 16 shown is, a |l ow, po and therefore

| ow cost thecBI9Fess Senspisol, FSRENiSVeE by iErghesadit eymmHBICESe Yt gmieant Rer t he
pl atfor mn%ugfegsmtt{;@§CM 3 aﬂ{igﬂmﬁéﬁﬁa ORI fRYnSack B€the ﬁ\iﬂ%_@és%@nw .be

sel f-powere or exanple, an associated battery, in which case the
anchor | iThe exBactem et zhpwn -incidts at fopgjde ifardlity Atndthis easela suspesavessel of5 nay be

provi ded on.| i 16. as. 25di ted b i C . I 1i and
tree 1. ?ﬁaéfoﬁrpgﬁt Wg‘rﬁcgl 1 % ﬁos@&‘?adnvgﬂ}ﬁ(?ésﬁ@%n@ ?% %\}ﬁgﬁgﬁ%ﬁ{émgﬁ?g\égé%@i ded

Wi thia wisigahksad Hfu?fﬁf?mﬁoﬂiﬂg lsiiﬂ‘iﬂs bémsmﬂﬁ:sdurfmad)f)esmflﬂ \aiad ¢he§fCelt 2 and /

or energency control, the wel | may. be achieve reless transpi ssion
fromthe amﬁnkbﬁn@-@wcvwaéww&ss t‘#e_?‘SEZI\X‘? tg?)&?”’t“i/?e\(\%ra&g éE% 35'8%%51 s 7, via
thei r respgntdd\th tREOSENMES 1PthdRfhbddiment Sofvid, A8viRIAs tpes@P1 DB proviaéed cl ose

to the Christmas tree 1, data transnission rates can be much higher than -
8 - bet wdenilitatedrapemsiseipn batwgentithe vessel bleant, SGM) Hwhenythe distaace bypeeibemupdat es

than t ho§se to%cg%a?\fgrddi&gmfﬁﬂﬁliis%f&?il. | X 1% 36 'i:ﬂn%vided between the vessel 11 and the

20 tree 1, and the repeater 15 is anchored thereto at roughly the required depth. The line 16

shown is a low power, and therefore low cost, cable to provide electric power to the
repeater from either the platform or the tree. In alternative embodiments, the repeater
may be self-powered by, for example, an associated battery, in which case the anchor line
16 may be a non-conducting line. Additional repeaters 15 may be provided on line 16 as

25  dictated by the distance between the vessel 11 and tree 1.

The plant shown also includes an ROV 13, which is also provided with a wireless RF
antenna 14. The transmission of software updates and / or emergency control of the well
may be achieved by wireless transmission from the ROV antenna 14 to either the SCM 2
30 or the process sensors 7, via their respective antennas 9 and 10. Since the ROV 13 can be

located close to the Christmas tree 1, data transmission rates can be much higher than



Al t hough not shown in the enbodi nent of Fig. 2, the plant may include a
mani fol d, which may be renote fromany Christnas trees, to couple the

out put of several wells to a single fluid extraction production pipeline.
This manifold may be fitted with process sensors. Conmuni cati on between

t hese process sensors and each other,”ahd with the tree or other conponents
of the plant, can al so be achieved by wireless RF |inks, by providing the
process s ors, with . channel
separ at i oﬁeqwge"a%ﬁ %s\%l ?\%‘%&P e%lsl 3%% ?dgfaég ?on Eqs/ to @{mggeegagilnggeg Thi s
may be aC&Hrﬁh’nﬁﬁnbMyvi‘a(BFLexarrpl e, the use of di ffer ent transmtting and
receiving carrier frequencies, digital encoding, or spread spectrum

techni ques. 15 The above-descri bed enbodi nent is exenplary only, and
various Ohh%ugﬁrﬂ&%ﬁmﬁﬁ &hé’\feﬁlbbdlmbﬁteofsﬁgpe ke plive Mmayinctudeid mabioldppar ent
to those skill'ed in the art. - CLAIM5 1. A thod of nabli

commund cawhish Mthmmo@émn@hgbn%ma%rmﬁ%e H’r‘? °é‘iR"rt8 $VER Hﬁﬂ-ﬁo 2 the

pl ant havglﬁg Hoid! BRBICHEh ProdbHOP GRERRN A fhfoRNmaf Hefkadl with privedsudi ng at
| east one rocarbon extracti on w th an associated tree ﬂl)l‘l si ng

t he step sehsors) Cpmounitation bstwbmtabsetpyocms m%bmbathebﬁn%a‘héh ¢
respective conponents _ of installati r ction
pl ant hav?rrfﬁl(‘)eér‘f%’ﬂa'é fe‘b e Rlanfy Ganal ogbr? agf);(ﬁ ve;%)lz‘grﬁéfz%st aﬁma%f?% Ole?r?qctl{gﬁdl ng at
| east Oneth@?ﬁfc@ﬁ%MFsﬁﬁﬁRﬁ%tdﬂﬂasV\BH with an associated tree, conprising a
plurality of RE conmunication neans provided at respective conponents of
the i M&tallation. 15 3. A nethod according to claim1 or plant according to

clai m2, yhepeid @enlbn SRiblsCHARRN SEaFatioRtB akhiete ididime sokianication\Vbdul e.

links to be realised. This may be achieved by, for example, the use of different

transmitting and receiving carrier frequencies, digital encoding, or spread spectrum

techniques.

15 .
The above-described embodiment is exemplary only, and various other arrangements

within the scope of the claims will be apparent to those skilled in the art.



4, A method or plant according to any preceding claim wherein one of said
20 conponents conprises a manifold. 5. A method or plant according to any
preceding claim wherein one of said conponents conprises a sensor |ocated
at the installation. 256. A nethod or plant according to claimb5, wherein
the sensor is located at a well tree-9Z. A nethod or plant according to

claimb5, wherein the sensor is |located at a manifold, 30 - 10 - 9. A
met hod or plant according to any preceding claim wherein one of said
conponentGLABVIBri ses a downhol e device located in a well. 10. A nethod or

pl ant according to claim9, wherein the downhol e device conprises a
5sensor. IL1. AAmaickdod of emibang cammundtiation tbetmlemmn@pnmpélanhxdn@cachmmhol e

devi ce conprises a choke 12. A
claim wesHastiongpfantehes g}a&t Kaing A LWl RY80baBSE Uelhdin' BsifiiticR ecedi ng
5 including at least one hydrocarbon extraction well with an associated tree, comprising the

step of:

a) providing a plurality of RF communication means at respective components of
the installation.
10
2. A hydrocarbon extraction plant having an underwater hydrocarbon extraction
installation including at least one hydrocarbon extraction well with an associated tree,
comprising a plurality of RF communication means provided at respective components of
the installation.
15
3. A method according to claim 1 or plant according to claim 2, wherein one of said

components comprises a Subsea Control Module.

4. A method or plant according to any preceding claim, wherein one of said

20 components comprises a manifold.

5. A method or plant according to any preceding claim, wherein one of said

components comprises a sensor located at the installation.

25 6. A method or plant according to claim 5, wherein the sensor is located at a well
tree.
7. A method or plant according to claim 5, wherein the sensor is located at a
manifold.

30
8. A method or plant according to claim 5, wherein the sensor measures seismic

activity.



conponents conprises a renote operation vehicle. 13.A method or plant
according to any preceding claim wherein one of said conponents conprises
a topside facility. 15 14. A method according to claim 13, which further
includes the step of: b)providing a repeater between the topside facility
and the installation. 15. A nethod acd rding to claim 14, wherein step b)

i ncl udes prOV|ding a line 20between the topside facility and the

install at} nt i are t j 1
Lo ctaim s, cAnBrER Y B CRicRRiR T Y ool iaim, heind bR of 36RO 10
facility &mbdnhﬂts covapadel atdbwihol2BdviceAocmédiaa weetcor di ng to claim 15 or plant

according to claim 16, wherein the repeater draws power fromthe [ine. 18. A
met hod according to claim 15 or plant according to claim 16, wherein the

repeater j& POMGKRrhdDF phitt ARBREASOhIMAYL, WhEKin the dblvnholdddvideiohprisara pl ant
according to any preceding cla|n1 wherein the or each RF communi cation

means ongms@es an associ ated battery.

11. A method or plant according to claim 9, wherein the downhole device comprises a

choke.

10 12. A method or plant according to any preceding claim, wherein one of said

components comprises a remote operation vehicle.

13. A method or plant according to any preceding claim, wherein one of said
components comprises a topside facility.

15
14. A method according to claim 13, which further includes the step of:
b) providing a repeater between the topside facility and the installation.

15. A method according to claim 14, wherein step b) includes providing a line

20  between the topside facility and the installation, and mounting a repeater on the line.

16. A plant according to claim 13, comprising a repeater mounted on a line between

the topside facility and the installation.

25 17. A method according to claim 15 or plant according to claim 16, wherein the

repeater draws power from the line.

18. A method according to claim 15 or plant according to claim 16, wherein the
repeater is powered by an associated battery.
30



A Subsea Control Mdule for use in the plant of claim3 conprising RE
communi cation neans. 21. A Renpte (Operation Vehicle for use in the plant of
claim 12, conprising RE comuni cation neans. 10 22. A sensor for use in the
pl ant of any of clains 5-8 or 10, conprising RE comunication neans. 23.A
mani fold for use in the plant of claim4, conprising RF comrunication
means. 15 24. A choke for use in the plant of claim1l, conprising RF
conmruni cati on means.

19. A method or plant according to any preceding claim, wherein the or each RF

communication means comprises an associated battery.

20. A Subsea Control Module for use in the plant of claim 3, comprising RF

5 communication means.

21. A Remote Operation Vehicle for use in the plant of claim 12, comprising RF

communication means.

10 22. A sensor for use in the plant of any of claims 5-8 or 10, comprising RF

communication means.
23. A manifold for use in the plant of claim 4, comprising RF communication means.

15 24. A choke for use in the plant of claim 11, comprising RF communication means.



