1 ACONTROL SYSTEM FOR A SUBSEA WELL Field of the Invention This invention relates to a
control system for a subsea well. Background of the Invention 5Typically, a control system for a
subsea well, for example a hydrocarbon production well, comprises a subsea tree and a tubing hanger
which carries production tubing. In the tubing, there is a downhole safety valve (DHSV), typically in the
form of a so-called hydraulically ope@igtdsiusiacens poialledsitasniiace safety valve (SCSSV). When
hydraulic pressure is applied via a control supply line, the DHSV opens against the action of a spring
or produgtign fuid pressiye. In the event of a 10 failure in the control system, supply of fluid for
opening the DHSV IS stopped, resulting in closure of the DHSV under the action of the spring or
productiqlrkflll,lri]gepressuie to prevent Fhe flow ofa%rl%%gggvoeﬂ'ﬂuid from the well. Summary of the

. 1S tion relates td a control system fpr . .
Invention ccorcﬂng to the presen invantion fom one aspect, there is provided a control system for a

subsea 15 well, comprising a tree provided with a hydraulic control supply line for use in opening a
downhol@%@%&%@éﬁ% of hydraulic pressure in the line, wherein a part of said line is carried
by a structure which is subject to the pressure of production fluid from the well in use of the system so
that the liheirslbeparabie! iysespnse tosaTaiRivdanfeae meehitgrofashivt smetteiien well Keowridlegy to the
present igveplien from.anaingrAsREREhRIGds PIndded.ameihaduiLraxidingiamrfcantiel gystem for

a subsea well, the method comprising: providing a tree with a hydraulic control supply line for use
in openintPy HNentrétEY safuty(QERIE duricpbsiit BeHparaafie presdareY tReifrlY; erfdeted surfésfrying a
part of saighlirgdaysavstivsdbieambhiciivis subiert toHherpressre-efprodugiimedividfremtheungl in use

of the system so that the line is separable in response to a failure of the 25integrity of said structure.
PreferabRN%sait SatreiesABS 5ar 5 e fiGwpatR Bf ProtistaB g fsH the s S thie Base,

preferabljasaidistmictarerts patéaf ihepprotuatian-fipehfipwhpath avispigam elthestieeosuebas a

roduction wing block on the tree.
P the DI-%V under the action of the spring or production fluid pressure, to prevent the flow of

production fluid from the well.

Summary of the Invention

According to the present invention from one aspect, there is provided a control system for a subsea
15 well, comprising a tree provided with a hydraulic control supply line for use in opening a downhole
safety valve as a result of hydraulic pressure in the line, wherein a part of said line is carried by a
structure which is subject to the pressure of production fluid from the well in use of the system so

that the line is separable in response to a failure of the integrity of said structure.

According to the present invention from another aspect, there is provided a method of providing a

20  control system for a subsea well, the method comprising:

providing a tree with a hydraulic control supply line for use in opening a downhole safety

valve as a result of hydraulic pressure in the line; and

carrying a part of said line by a structure which is subject to the pressure of production fluid
from the well in use of the system so that the line is separable in response to a failure of the

25 integrity of said structure.

Preferably, said structure defines part of the flowpath of production fluid from the well. In this case,
preferably said structure is part of the production fluid flow path downstream of the tree, such as a

production wing block on the tree.



2 Said part of said control line could be attached to the structure by a clamp, typically said control line
passing from said clamp to an isolation valve on the tree. In another example, said part of said control
line passes through the structure to the tree, typicaﬁy passing through the structure to the tree from an
isolation valve on the structure. 5A preferred embodiment of the invention comprises a tree provided

with a hyskauligtcantial-sHpplyilbeiod beetiacaperingea @b ale satety wahia BssadesHiaiiydraulic
pressure in the line, wherein a part of said line is carried by a production wing block attached to the
tree so tHAFtHE ﬁ'i?@“@aé‘éﬁﬁf%lg’iﬁ“ré?baék?ge"f’é"s QR pATAlTh IF AP PITdt AN wWiRY BRERHH the tree.
Brief Desgriptiod nnef theds rawings:HOktguctuie aovedicak seeianythsetightarpalh ofascoptied system for a
subsea hlydrcigcarbon [%roducti n Wejch ingo%)orating an embodiment of the invention; Fig. 2 is a
perspective-view of What is Shown in Fig. 1 and Fig. 3 is a schematic vertical section through another
embodiment of the invention. Detailed Description of the Invention 15Referring first to Figs. 1 and 2,
reference MifFfféFas £BRAIGAES PR SR UPIVENRBHE Sthe thod QEHRPNYIG AMTER Herd AP Ritree

connectoind;fieiaenep singerabdierighries A tukingebanger i i0r e Jiead thdpe) whigdn a
production tubing 5 is suspended; reference numeral 6 designates a production wing block (PWB) of
the tree, BtthHed tb the fréa HEhd» 2PHH ?ﬁ%@ﬁa‘ﬁ&‘%,b!ﬂé‘fFo%v@%‘FBrbodH?:etiHr‘??lan %%ﬁﬁé‘%eﬁ through
the tubingepaasntdePVWE i heing dnehaatechly ik pvisiuteterengebRkfuonetisd Baesignates a production
master valve in the tree head 2, reference numeral 9 designating a production wing valve in PWB 6;
referencesnarpetad kR lesignatesasrown plug of the tree; and reference numeral 11 designates a
connector for connecting the PWB 6 to a production flowline. The tree 1 is connected to the wellhead

via free Gopneeion &Rt AKRLYSRYC 1A IS GARRPEINNeR POFURINHDAEA0Q SN, the well.

well, incorporating an embodiment of the invention;

Fig. 2 is a perspective view of what is shown in Fig. 1; and

Fig. 3 is a schematic vertical section through another embodiment of the invention.

Detailed Description of the Invention

15 Referring first to Figs. 1 and 2, reference numeral 1 designates a tree at a wellhead, the tree
comprising a tree head 2 and a tree connector 3; reference numeral 4 designates a tubing hanger in
the tree head 2, from which production tubing 5 is suspended; reference numeral 6 designates a
production wing block (PWB) of the tree, attached to the tree head 2 at an interface 7, the flow of
production fluid from the well through the tubing 5 and PWB 6 being indicated by arrows; reference
20 numeral 8 designates a production master valve in the tree head 2, reference numeral 9 designating
a production wing valve in PWB 6; reference numeral 10 designates a crown plug of the tree; and

reference numeral 11 designates a connector for connecting the PWB 6 to a production flowline.

The tree 1 is connected to the wellhead via tree connector 4, an annular sleeve 12 in the connector 3

engaging with a casing string of the well.

25 A DHSV is disposed in the production tubing 5 below the tree 1, hydraulic fluid for an actuator for
opening the DHSV being supplied via a safety supply port 13 in the tree head 2 from an isolation
valve 14 on the tree head 2 and a DHSV control supply line 15 coupled with valve 14 and clamped to
PWB 6 by a clamp 16 on PWB 6. Isolation valve 14 can be opened or closed manually by a remotely
operated vehicle or be hydraulically operated. Hydraulic fluid is supplied through line 15, valve 14

30 and port 13 under the control of a subsea control module at the tree. The port 13 extends down



25A DHSV is disposed in the production tubing 5 below the tree 1, hydraulic fluid for an actuator for

opening the DHSV being supplied via a safety supply port 13 in the tree head 2 from an isolation valve
14 on the tree head 2 and a DHSV control supply line 15 coupled with valve 14 and clamped to PWB 6
by a clamp 16 on PWB 6. Isolation valve 14 can be opened or closed manually by a remotely operated

vehicle ofrpeubydraulisaibyhaneraiade hivdkavligafluier it s uppliedtweHghdling 1P .avalvedd3@and port 13
under the control of a subsea control module at the tree. The port 13 extends down 3 through the

tubing haAgeY FHSERINY NG pIaRiE 1BF the''SBct8H LB ARG 'Fi§ 119, Dakd thBRWETR SRt Htluction
tubing 5 apdiibe wek casinglive thecaeirataraafrtae-BHpMorBetween clamp 16 and isolation valve 14,
the line 15 comprises a break-away portion 17. The tree head 2 is provided with a tree cap (not

shown) afd gRraieeive plalkiéaclianowsl i Peltedhaig shodlders 18.aiithe Haahrad 2 eiraver and

protect items extending from the tree head 2, including PWB 6. To keep the DHSV open and the well
flowing, 6Pe§§ii‘rléerﬁu’sﬁ BE hfaiftainedfin ﬂ?ecﬁ)ﬁrs‘{ﬁ‘?:(ﬂﬁ%%ﬁﬁﬁ‘ﬁquﬁ%”f@%ﬁ&% tﬁSr’Eri%,héﬁE'i 2n the
event of pre@ssuperlesstherein, the design of the actuator and the DHSV are such that the DHSV
closes (under the action of a spring or production fluid 10 pressure) to stem the flow of production fluid

from the V@ﬂeéﬁ%ﬁ%ﬂﬁ‘@p@ﬁ“ﬂ@%@%fﬁf%r%i YJ5RlaHen ¥ele hiisdl e e asmallyonaen

position and there is pressure in the line 15 but failure of the integrity of PWB 6 occurs because
interface SPRISWBRAIREP B BAAHE fdBRARPIPIBEM T 1o AR OUeHSAFBE IR EotEetion

between fhermbyanexterarilyrpplicd iAke Qs ternad PIRS IR O\ IlgsingiRES IRRURIIS Yigypply line
15 is clamped to the PWB 6, when failure of the PWB to tree 15 head interface occurs, the

bredR-aw§SURIdA Towiesiaysphrradtian il fiRmdhn wds GpTiteprasslirationdhetesdfesbure of
the DHSYolstils shmaplestsforme porienylopeouldinena pieee efiiybiagiia Inad inclampadportosihe PWB
6 by clamﬁ) 16, which_tubing breaks when thehJ;WB 6 is uII%d away from the tree head 2. Referring to

. f .
Fig. 3, in WhISKHENL WHIRR REHBSSAS WtCTRSEE R MG IRt halk Hfe samE 20 T & e
numerals@srin thossl figuhe sothre dsotabiet valve b4 hs ancixndethibnatiptidd \WiB-6 o Aipparb dl D (grovéded by a

bore in PWB, 6) of the contro| line 15 passes.frgm valve 14 through the hody of d,through a
ol 20 P e e R e & T e e b R e
4 tolthe doterhioteofaaeDiaS¥s, 2tbe | hrthis avahedimient, invik spomrsteteral failuresoftiihe imteggity tidPWB 6

because 8%?&9@5?1“?5I%QQ@I&W@O%HQB]-IQ"\P Hﬁg H%%ﬂag %QQ,%S?!I&H%?EOmd be a piece of tubing

in line 15 clamped on to the PWB 6 by clamp 16, which tubing breaks when the PWB 6 is pulled away

from the tree head 2.

Referring to Fig. 3, in which items which correspond with those in Figs. 1 and 2 have the same
20 reference numerals as in those figures, the isolation valve 14 is mounted on the PWB 6. A part 19
(provided by a bore in PWB 6) of the control line 15 passes from valve 14 through the body of PWB 6
and through a seal 20 between the PWB 6 and the tree head 2 to port 13 which extends down
through tubing hanger 4 to the actuator of a DHSV 21. In this embodiment, in response to a failure
of the integrity of PWB 6 because of separation of the PWB 6 from the tree head 2 and a failure of
25 the PWB to tree head interface 7, the part 19 of line 15 will separate and vent fluid, to result in loss

of line pressure and fail-safe closure of the DHSV 21.

In the above embodiments, some causes of failure of the PWB to tree head connection are objects
dropped from vessels, snag loads applied via a flow spool connected to the PWB, or unexpected well

conditions higher than design pressures, temperatures and corrosion and erosion allowances.

30  Although the embodiments relate to a so-called "horizontal tree" configuration, the invention is also

applicable to a "vertical tree" configuration. Also, the control line 15 could be carried by a structure



25 the PWB to tree head interface 7, the part 19 of line 15 will separate and vent fluid, to result in loss
of line pressure and fail-safe closure of the DHSV 21. In the above embodiments, some causes of
failure of the PWB to tree head connection are objects dropped from vessels, snag loads applied via a
flow spool connected to the PWB, or unexpected well conditions higher than design pressures,
temperatpiies a6l 6QHARIED ANhEISIAN AloWaRERS indHetBRbuaReatrodcion MNeoloskper
example, in the embodiment of Figs. 1 and 2, the clamp 16 could be dlsposed on connector 11 or on
productlocr?‘HS\R/ﬁH@%’)?Féjn%ﬂﬁﬁrWSﬁPﬁ115°EfLAHf\9I§‘CtP ”AI%‘HHTFO‘P@%?@?% f8Md'subsea well, comprising a
tree provided with a hydraulic control supply line for use in opening a downhole safety valve as a result
of hydraulic pressure in the line, wherein a part of said line is carried by a structure which is subject to
the pressure of production 5fluid from the well in use of the system so that the line is separable in
response to a failure of the integrity of said structure. 2. A control system according to claim 1,
wherein said structure defines part of the flowpath of production fluid from the well. 3. A control
system according to claim 2, wherein said structure is part of the production fluid 10flow path
downstream of the tree.



4. A control system according to claim 3, wherein said structure comprises a production wing block on
the tree. 5. A control system according to any precgding claim, wherein said part of said control line is
attached to the structure by a clamp. 156.A control system according to claim 5, wherein said control
line passes from said clamp to an isolation valve on the tree. 7. A control system according to any of
claims 1 tpmaherein said part of said control line passes through the structure to the tree. 8. A
control system according to claim 7, wherein the control line passes through the structure 20to the tree
from an igolatio. vals.Pu e SHHCIU Gys s FORBALIYRILT AALOIIRIOAIRIT AALARY Qhelgims S to
8 as dependent on claim 4. wherein said part of said lineis carried by the production wing block so
that the [FY@RY SepaPabie in PESPBA SRy A B afERiv Mabfethe prodliceiony Wt DR YoM the life. 10. A

method of revidinga spiielisysiearien 8 sukasawvellvihe methre: comisiag.woprgvidings tree with
a hydraulic control supply line for use in opening a downhole safety valve as a result of hydraulic

pressurefHtHEfmEE! in useffiRGYARREOINEIENFNBDY seRrakiEiR RieRSRte it fofHESressure
of productiiflyisk Bpamtherwell in use of the system so that the line is separable in response to a
failure of the integrity of said structure. 6

2. A control system according to claim 1, wherein said structure defines part of the flowpath of

production fluid from the well.

3. A control system according to claim 2, wherein said structure is part of the production fluid

10  flow path downstream of the tree.

4. A control system according to claim 3, wherein said structure comprises a production wing

block on the tree.

5. A control system according to any preceding claim, wherein said part of said control line is

attached to the structure by a clamp.

15 6. A control system according to claim 5, wherein said control line passes from said clamp to an

isolation valve on the tree.

7. A control system according to any of claims 1 to 4, wherein said part of said control line

passes through the structure to the tree.

8. A control system according to claim 7, wherein the control line passes through the structure

20 to the tree from an isolation valve on the structure.

9. A control system according to claim 4 or any of claims 5 to 8 as dependent on claim 4.
wherein said part of said line is carried by the production wing block so that the line is separable in

response to a separation of the production wing block from the tree.
10. A method of providing a control system for a subsea well, the method comprising:

25 providing a tree with a hydraulic control supply line for use in opening a downhole safety

valve as a result of hydraulic pressure in the line; and

carrying a part of said line by a structure which is subject to the pressure of production fluid
from the well in use of the system so that the line is separable in response to a failure of the

integrity of said structure.



11. A method according to claim 10, wherein said structure defines part of the flowpath of production
fluid from the well. 12. A method according to claim 11, wherein said structure is part of the production
fluid flow path downstream of the tree. 513.A method according to claim 12, wherein said structure
comprises a production wing block on the tree. 14. A method according to any of claims 10 to 13,
wherein gaid pagt pkaaid cei@hling ig-attacheshtedhe structue kyRampt 1&. iemethedraseording
to claim 14, wherein said control line passes from said clamp to an 10isolation valve on the tree. 16. A
method &Ee8YGHRg {B4AiPBr ERMAY 10 to 13, wherein said part of said control line passes through the
structure to the tree. 17. A method according to claim 16, wherein the control line passes through the
structuret® the fréeetromagarisblationvane onheieiarieteifectys is part of the production fluid flow

path downstream of the tree.

5 13. A method according to claim 12, wherein said structure comprises a production wing block
on the tree.
14. A method according to any of claims 10 to 13, wherein said part of said control line is

attached to the structure by a clamp.

15. A method according to claim 14, wherein said control line passes from said clamp to an

10 isolation valve on the tree.

16. A method according to any of claims 10 to 13, wherein said part of said control line passes

through the structure to the tree.

17. A method according to claim 16, wherein the control line passes through the structure to

the tree from an isolation valve on the structure.

15



