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OFFSHORE UNDERWATE 6' The present invention relates tol wiskLh 803
and apparatus for @“ﬁm\m ffshore underwat er well. Two conventi onal

met hods exi st for an of fshore underwater well. The first of these
ls todrill and set a ctor pi pe petween a surface platformand the sea
bed fol | owed by drilling a surface well using a platformwel |l head. The BOP
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t he conductor at an an ystem w not work 1n_deep water
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it is subsmlasneaad:bywnr ischbl yseuaphotédoataa predushdobhdeckusi that ed
substantie{l# \/\?t the sea surface and devi ates progressively further from
the vertica fh increasing sea depth, fixing the riser conduit at the
seabed in a nohsvbhej éRAUSEE¥nRAVESH fuRkhed: P%Ifish@rﬁhénﬂePPYPﬁflotPﬁe seabed

at an angbentenbhea\lerstuéaaﬁ eﬁethstétsaepwsdmémgs SoRsidstéal hye
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intervention.

One way in which an attempt has been made to increase
the footprint of a production platform is the provision of



‘less deviation is required underground which allows higher angle or

hori zontal wells to be drilled far along the reservoir. This allows better
access to reservoirs which are close to the seabed. However, the|@DgUL 2003
i nportant benefit of the present invention arises when the water' is
sufficiently deep that the riser conduyit can be deviated to be horizontal

at the seabed. Once the riser conduit becones horizontal, it is possible to

extend ih §pgﬁteanébﬁaﬁeabe d'ﬁﬁaéiféh dxpa&rtaheeﬁemed £hf eRalidtdy Ng i nto
t he seabed so that the Irng ootprin atform can be greatly
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| ocat i on[pﬂ] 8tre being fixed at the production deck and fixed at the seabed.
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to the fiaddIé. t&OvREEVerticander to provide ease of installation and a
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the riser conddft tR€ bd %ot ORIt a&ﬁeds‘t%g'? }bﬁr e%ié"?ﬁi?ure is
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it tothe e . abl o] correct
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wi |l now @ﬁedfi%'rb%ﬁ’adf\: red %@ﬁﬁ@rwdt Be RGEOMAPHEY Ah@aBIthe N

which: Fig. 1 is a schematic view of an assenbly according to a first

exanpl e: FPEPed/shaRe t Reviadan| )Prcﬁg’ﬁsgsl‘le]rﬁ greatRergefzP®  ®hgs. 3A-3D
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angl e |nt0 thelread)y provided before reaching the seabed, so that



"The details of the horizontally extendi ng arrangenment of conduit 5A are
shown in nore detail in Fig. 2 and Figs. 3A - 3D and |nstallat|o of tﬂﬁ
wel | head assenbly will be described with reference to these drd é
first stage of the installation is to install the riser conduit, mhlch is
i.n this particular exanple a well risgr conduit, fromthe production
installation 1 to the skid 7, and connected to the skid secured to the

seabed. Thégscaevbsweﬂemnr ayﬁbaruﬂaeﬁeygun&&ﬁiéu a1t@w§khﬂgﬂeﬁan be
fixed to the_end sectiQ & ser .co dwt %I]r&gp roducgti on gleatform
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the installati,gn vessel |mre|atel abovet kid 7 a n the drilling
riser conG@PFigeraikly fjstange; ﬁlﬂ tthe '-*'ﬁf’gb%‘iﬁ? tpre; %H&%ﬁ"ﬂnlﬁ §. 3D

which is pm& sBaball ed enathmeaahemmg mmmw dfeacpllhedorbhean
i nstall at ves can..t hen v a the production platform
The end o eﬁ%glgr 1&cﬁﬁﬂﬁe$%% ‘g‘f ff#“gm the installation vessel
and secured to‘Itl'tee:epr@Ueclal mmm@tfglfmdllﬁferm vayat tiactwhieh r tber
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which is held vertically and 1's plvotally attached to the skid 7 .,as shown
in Fig. 2metdrod,g the HRRT afopdudti3iso xiwmn ¢ frge an gpskgllation. g
mo?/?ﬁl edt Errdaﬁﬂl a_amlhglsl @k i aﬁtdeﬁeast rﬁﬁeeabyﬁahewlmtfm%ﬂ? ha )
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arrangenent can be used I n or t hrough unconsol i dated formati ons
close to tiﬁeemqmtb@nt%c)s@aﬁbdswam&ww eutdtiet bhe 190 kAFFTS the

formati on vhes€eiondat! ked hRelademul Oh@@éfapﬁ? dgr angnhdiid hhidthod Nthdne case
of the riser conduit. 5B the conductor 16_wil

fol | ow angle of the riser
conduit i Mtb%¢the & - ¥R PEerBRdenand, itoyedn ter F& é’rﬁ*ﬁf ORE124Bwn in
Figs. 2 anto88tibm Gwrdies obeithy| fiixied aaty the fprmdmthbnbdtech | andir op

angl e undejg, gravi 3t cqnt i ely. d gh the
segbed to %hge egﬁlg dep?h The(i uctortglr :%:sa%er'o%%% IB%};OIFop whi ch
| ands in thewed| bhtadust affntiloh mlnedt handnoaengndsinpsigsd te theoved
and Conven{pfsaahg%h' aLBf, te&f@éﬂﬂseleaﬁyt)etﬂeeglbe hggt ﬁe|t@wé&t8ﬁ€9d' ate

string 17,7 a _production casing stri are | anded and
seal ed wit ANf bﬁég\/@lﬂfhé’éfd thye amlela%f‘l’mebeSPr&R?éﬁ‘g peverad ke | Fhag

el enents cggapearhapv ¢9sed.th a system of rol I ers which may be dri ven in
order to facilitate their rotation and passa own the riser conduit. It

may even be usePGFOrIipPolPR IRRANMIASPET it e REeFPNE| 1RYeBF1PB ¢ he
casi ng runghngrEshbes wTeQ.IWeQ‘dI %m@mo@mgm produétibh d466R 7

ri ser condu t articul a re the ri.ser, .conduit on hor| zont al
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formation. Alternatively, the conpletion tubing can be hung off in the
wel | head 12. The conpl etion tubing can be provided with two surface control
safety valves 22, 23. By using the tie back strings and | andi ng the
production tubing in the wellhead 12, it is possible to performa

di sconnect operation above the well head 12 after the well is made safe. To
facilitate reconnectlon the Skld can have a horlzontal pi peline pull in

e Al 2 a0 o o 1 " y ——— = a7 o I 1



At the production deck, a BOP (not shown) is renoved and a tree 24 of known
construction is installed for production. In this case, a horizontal tree
i's shown which has the tubing run through it and | anded in it.1A6§ﬁﬂ9qmga
exanpl e of an assenbly is shown in Fig. 4. The only difference between this
assenbly and that shown in Fig. 1 relgtes to the nature of the production
installation. Instead of a tension |l eg production installation at the

surface as shigie it ke vertita PR Hedildd By RAS Bcth@S] Uhd &9
subsurface platform 25 which is positioned at a relatively short distance
bel ow t hE38H% el b exkerdhnecivgot bhg AsBPre drePm thg Fdddire6 by a short

drillinghisearzangti®Ridsy iddd lthed s¥pssgdvantagesndy ase Deg VEisTe _
wel | heads 28 together with g drlllln% BCﬁ 29 apd can thus be_used to dril
a nunber RECESS | FeSRTY VIS, areas gClPse Hpf3 the F¢iPFRg ri%@r is

vertical iaicrdwseubshef ack Pl Bidgr mEabtprint6 Jif 2662 9 middudxilonA net hod
of drllhf%% f%éfggrgsupggéygggrtgegbbvghe nmet hod conpri sing the steps of

installing a drilTTng riser conduit so that it is substantially vertically
supported at &2 oduicteon gy t maved beubsigadilyl | yogkedhetgeathear f ace

and devi i85 prOI" ey, il bheler! EQUP%B@i&@réAQé"oW iXs LI LESHAY Sea
depth, fixing the drilling riser conduit _at the seabed in a non-verti cal

ori ent at i3M e Etyre Wh Heh (F i REsoRmedake Bhe EH5EYidh MY IRFLCinto the
seabed atjtaniangrefierdtiee Veblki Gle 2Zisérmidhahiacceodiveg pivetainyl,

wher ein tq_re dr.i Iéigg gondgi.tti s run froman installation vessel with a skid
at t ached, 25 TRTA®E ebOVERE EAFEYTENd pivotal Iy connected at the seabed, the
instal |l ati on vRissefixtsuneves hosfeaiv By | in tthe foxrpr ofuat skndi havahfat i on

while the, rj conduit ig f t . fr Lostal Lat] el, d the
riser co'rslladu. ?gﬁéegrg%sg%epﬁre&%[dlo&%htéé pg%ﬁgtgi %E }tr@\’sttgﬁ galf]elacl)k?\é§3. Xﬁraret hod
accor di nFkA cligi nreadih¥r élnle hoprriutrraarertied stof tdh@ FPERPERe

| ocati on 1e4€ibAe ahlas Varf 0BEUkl mply! Gdturdd e€o athkh@esddiedoy t BRel | SEr
conduit is connecied tg.a skid and is fed down fromthe production deck and
i s manoelR3RY BFt *h6 Phde®8nd target |ocation at the seabed.

Examples of methods and assemblies in accordance with
the present invention will now be described with reference
to the accompanying drawings, in which:

Fig. 1 is a schematic view of an assembly according to
a first example;

Fig. 2 shows the assembly of Fig. 1 in greater detail;

Figs. 3A-3D show details of elements of Fig. 2; and

Fig. 4 is a schematic view of a second example.

Fig. 1 shows an example of a tension leg production
installation 1 which is shown at the sea surface and is
anchored to an optional gravity storage base 3 by mooring
legs 4. From the production installation a number of riser
conduits 5A, 5B are suspended initially vertically, but
deviating progressively from the vertical with increasing
sea depth. The conduit 5A has sufficient curvature that by
the time it reaches the seabed 6 it is horizontal and can
extend a significant horizontal distance along the seabed.
At the desired location, the conduit 5A terminates at a
skid 7 from which a cased well 8 extends towards the
production reservoir 9 where a liner or screen 10 can be
positioned. The conduit 5B is of similar construction,



., 4. A method according to claim1, wherein the riser conduit is pre-nade
and towed to the appropriate |ocation before being fixed at the production
deck and fixed at the seabed. 5. An offshore well head assenbl

or, | |
extending into a seabed conprising: a production deck at a prﬁhété“&iﬁﬁﬂ
position; a riser conduit verticallysuspended fromthe production deck and
t hrough which the well is drilled, cOnpleted and produced; 10 1 6 JUL

2003t he, iiyp eEn &OBAR te)&%‘ﬁt?fc%ﬁ‘gﬁﬂéegr %Sslélerllé(tfﬂgi'tigﬁnftr aQMdthepygr ti cal

wi th increasing sea de e riser condult being secured at an angle

to the Aaahedy attnque@ds'eaﬁed%ﬁaétfeimuaé ant AbLAgugcRRads: EAJERY into the

seabed idiM8 (Nrd XHYE Caded Av@bE eI YL SREST S NEhé Os&hé! Fh§leMIRESI N the
riser condU|t is attached by the fixture at a oblique angle to the

verticalth&iReabPRAwel | extends into the seabed at the same oblique angle.
7. An of f shorpnaedbeats ass crt \hSOIPena Dy extending arrangement

of conduit 5A are shown in more detail in Fig. 2 and Figs.
3A - 3D and installation of the wellhead assembly will be
described with reference to these drawings.

The first stage of the installation is to install the
riser conduit, which is in this particular example a well
riser conduit, from the production installation 1 to the
skid 7, and connected to the skid secured to the seabed.
This can be done in a number of ways. Firstly, the skid 7
can be fixed to the end section of the riser conduit at the

production platform. The riser conduit, is then run
vertically from the production platform and is manoeuvred
out towards the seabed target =zone. When correctly

positioned the skid 7 is fixed to the seabed. As a second
method, instead of running the riser conduit vertically
from the production installation, the riser conduit can be
pre-made and can be horizontally towed to the desired
location, where it is attached at one end to the production
deck 1. The riser conduit is then positioned on the seabed
and the skid 7 is fixed to the seabed. A third alternative
which can be used with a installation vessel instead of a
tension leqg production installation deck is to position the
installation vessel immediately above the skid 7 and run
the drilling riser conduit vertically to attach it to the
skid 7 as shown in Fig. 3D which is pre-installed on the
seabed as previously described. The installation vessel
can then be moved across to the production platform. The
end of the riser conduit is transferred from the
installation vessel and secured to the production platform.

In order to attach the riser conduit to the skid 7,
the riser conduit 5 is connected to a wellhead 12 which is
held vertically and is pivotally attached to the skid 7 as
shown in Fig. 2 and Fig. 3B about an axis 13 so as to be



‘a production deck at which a riser conduit is vertically suspended, the

ri ser conduit deviating progressively further fromthe vertical W‘?@l vuud

i ncreasing sea depth; the riser conduit being secured at an angle 0 the
vertical at the seabed by a fixture, a cased well extending into the seabed
fromthe fixture. wherein, at the seaped, the riser conduit is horizontal
and extends across the seabed to the fixture. 8. An offshore well head
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seabed. allows not only for the third installation method described
above where the wellhead 12 will initially have to be
vertical, but also allows for the oblique riser conduit 5B
as illustrated in Fig. 1. The riser conduit 5 is landed
within the wellhead 7 and is sealed by pressure seals 15.
The next stage is to drill from the wellhead 12 into
the seabed 6 and to install a conductor. Depending on the
surface formation a hole can be drilled and a conductor can
be installed, or the conductor 16 can be run with an
internal shoe bit rotated by a drill string turbine. This
latter arrangement can be used in order to drill through
unconsolidated formations close to the surface of the
seabed so that the conductor 16 supports the formation
where a drilled hole would collapse during drilling. 1In
the case of the riser conduit 5B the conductor 16 will
follow the angle of the riser conduit into the seabed,
while for the horizontal arrangement as shown in Figs. 2
and 3B the conductor will initially be horizontal but will
drop angle under gravity so that it continues obliquely
downwardly through the seabed to the desired depth. The
conductor 16 is provided with a stop which lands in the
wellhead 12 at which point the internal shoe bit is removed

and conventional drilling technigques can be used to install
a intermediate string 17, a production casing string 18,
both of which are landed and sealed within the wellhead 12,
and a liner or screens 10.

The drilling elements can be provided with a system of
rollers which may be driven in order to facilitate their
rotation and passage down the riser conduit. It may even
be useful to provide hydraulic force to the drilling or to
the casing running systems to provide movement along the



“'~6 J UL 2003 ~1 10. An assenbly according to claim8, wherein the
fixture is in the formof a skid which is to be fixed to the seabed. 15 Eﬁn
assenbly according to claim6, wherein the riser conduit is piv1n&ﬂJU¢ 00
mounted to the fixture. 12. An assenbly according to claim7, wherein the
rriser conduit is pivotally nmounted to_the fixture. 13. An assenbly
according to claim®6, wherein the fixture is in the formof a skid which is

to be fixed to the, seabed. 14, .An,asse ceordin 0 Lm.7 erein
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said riser conéU|ts el ng secured at an angle to t vertical at the seabed
by a fixtMfrlethe@lsThe system according to claim15, wherein each riser

conduit is piveial L¥110WERsh d©0idh Sthibihdg €12 is now run from the
production installation all the way to the production
formation. Alternatively, the completion tubing can be
hung off in the wellhead 12. The completion tubing can be
provided with two surface control safety valves 22, 23.

By using the tie back strings and 1landing the
production tubing in the wellhead 12, it is possible to
rerform a disconnect operation above the wellhead 12 after
the well is made safe. To facilitate reconnection, the
skid can have a horizontal pipeline pull in systemn.
Alternatively if it is envisaged that the conductor will
never need to be disconnected the intermediate casing
string and the production casing string can be run directly
up to the production platform without landing in the skid
wellhead 12,

At the production deck, a BOP (not shown) is removed
and a tree 24 of known construction is installed for
production. In this case, a horizontal tree is shown which
has the tubing run through it and landed in it.

A second example of an assembly is shown in Fig. 4.
The only difference between this assembly and that shown in
Fiqg. 1 relates to the nature of the production
installation. Instead of a tension 1leg production
installation at the surface as shown in Fig. 1, the example
of Fig. 4 has a tension leg subsurface platform 25 which is
positioned at a relatively short distance below the surface
2 and connected to a mobile drilling vessel 26 by a short
drilling riser 27. The mobile drilling vessel can be moved
between wellheads 28 together with a drilling BOP 29 and

can thus be used to drill a number of wells. In this case,



"17. The system according to claim15, wherein each fixture is in the form
of a skid which is to be fixed to the seabed. 1 6 JUL 2003 12 18. An

of fshore systemfor drilling, conpletion) and production of a m riUﬁt&m&f
subsea wells extending into the seabed at an angle fromvertical)
conprising: a substantially stationaryg production platformat which a riser
conduit is vertically suspended for each well; each riser conduit deviating
progr essitnel urfiuntibkey fi<ur the vertieal it BheneudaurTadepXeptdr®o t hat
at the s§§bed, the riser conduit is substantially horizontal; a plurality
of fixtufés at the seabed; and each riser conduit being secured at the
seabed by a fixture with each well extending into the seabed from a
different fixture. 19. The system according to claim 18, wherein each riser
conduit is pivotally mounted to the fixture. 20. The system according to
claim 18, wherein each fixture is in the formof a skid which is to be
fixed to the seabed. 21. An offshore well head assenbly for drilling,

conpl etion, or production of at |east tw subsea wells extending into the
seabed at an angle, conprising: a substantially stationary production deck
at which first and second riser conduits are vertically suspended;



said riser conduits deviating progressively further fromthe vertical wth
i ncreasing sea depth so that, at the seabed, said riser conduits being
substantially horizontal; and said first and second riser cond E mf ma
secured at the seabed by first and second fi xtures, respectlveﬂy h e
wel I's extending into the seabed fromeagh fixture. 22. The system accordi ng
to claim 21, wherein the riser conduit 1s pivotally nounted to the fixture.
16 JU IEIMS 23. The system according to claim?21, wherein the fixture
isinthe formof a skid which is to be fixed to the seabed. 24. An
assenbly accordi ng to cl ai m 5, wherein, at the seabed, the riser conduit is
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pivotally connected at the seabed, the installation vessel is moved

horizontally to the production installation while the riser conduit is fed out
from the installation vessel, and the riser conduit is transferred to the

production installation.

3. A method according to claim 1, wherein the production deck is offset
from the location where the riser conduit is to be fixed at the seabed, the
riser conduit is connected to a skid and is fed down from the production

deck and is manoeuvred out to the end target location at the seabed.

4. A method according to claim 1, wherein the riser conduit is pre-made
and towed to the appropriate location before being fixed at the production

deck and fixed at the seabed.

S. An offshore wellhead assembly for a well extending into a seabed
comprising:

a production deck at a predetermined position;

a riser conduit vertically suspended from the production deck and

through which the well is drilled, completed and produced;
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seabed by a fixture with the well extending into the seabed from the fixture.

6. A assembly according to claim 5, wherein the riser conduit is
attached by the fixture at a oblique angle to the vertical, and the well

extends into the seabed at the same oblique angle.

7. An offshore wellhead assembly comprising:
( a production deck at which a riser conduit is vertically suspended,
the riser conduit deviating progressively further from the vertical
with increasing sea depth;
the riser conduit being secured at an angle to the vertical at the
seabed by a fixture,
a cased well extending into the seabed from the fixture.
wherein, at the seabed, the riser conduit is horizontal and extends

across the seabed to the fixture.

8. An offshore wellhead assembly comprising:

a production deck at which a riser conduit is vertically suspended,

the riser conduit deviating progressively further from the vertical
with increasing sea depth,

the riser conduit being secured at an angle to the vertical at the
seabed by a fixture,

a cased well extending into the seabed from the fixture.

wherein the riser conduit is pivotally mounted to the fixture.

9. An assembly according to claim 5, wherein the fixture is in the form

of a skid which is to be fixed to the seabed.



1000 1000

1000! " Y! 10%00&" ()-3,011111172r S4! sM 10%&' () - @s10%&' () $ 10%& ()-3 10 10

10! ° F3&10%& () - @! * F3&10%F& () - @722356; 9<9=9WUG94! J

10! V' sM 10%&' () - @! 9 sM 10%& () - @! ~sM 10%& () - @!" sI\/I 10%&' 0) @ Y %Bq’;mn&
() - @=9>9MP9999999sT5" 3109%& () - y109%& (P $ 109& ()-F 10 10

10L3! 109%& () - $&10%&' ()- 1099;:<==aBsT5 3

10%&' () - 901 0%&1( }assemmy&dcprdirig td @¥king )8, sehE i@’ (He fixtufo® {n the;form

>>>>>37~ T5 1" m 109%&’ Y+" 109
f & 10%0/&%&;@@; X «k?(?be#ﬁ&%ﬁ/ép ?Wgﬁ.d??’??’??xanS yf 109%& ()- 10 10
10810%&' () - S@10%& () -s@10%VE () - 3f 109&' () - ??B@@3A3® AJENbC5 " 109&' () - &" 10%
& ()-° 109%& ()- @O% ()-

11. An assembly according to claim 6, wherein the riser conduit is

pivotally mounted to the fixture.

12. An assembly according to claim 7, wherein the riser conduit is

pivotally mounted to the fixture.

13. An assembly according to claim 6, wherein the fixture is in the form

of a skid which is to be fixed to the seabed.

14. An assembly according to claim 7, wherein the fixture is in the form

of a skid which is to be fixed to the seabed.

15. An offshore system for a well extending through the seabed,
comprising;:

a production platform at a predetermined geographic position,;

a plurality of riser conduits vertically suspended from the production
platform;

the riser conduits deviating progressively further from the vertical

(\- t with increasing sea depth;
a plurality of fixtures at the seabed; and
each of said riser conduits being secured at an angle to the vertical

at the seabed by a fixture.

16. The system according to claim 15, wherein each riser conduit is

pivotally mounted to its fixture.

17. The system according to claim 15, wherein each fixture is in the form

of a skid which is to be fixed to the seabed.
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with increasing sea depth so that at the seabed, the riser conduit is
substantially horizontal,

a plurality of fixtures at the seabed; and
each riser conduit being secured at the seabed by a fixture with each

well extending into the seabed from a different fixture.

19. The system according to claim 18, wherein each riser conduit is

pivotally mounted to the fixture.

20. The system according to claim 18, wherein each fixture is in the form
of a skid which is to be fixed to the seabed.

21. An offshore well head assembly for drilling, completion, or
production of at least two subsea wells extending into the seabed at an
angle, comprising:

a substantially stationary production deck at which first and second
riser conduits are vertically suspended,

said riser conduits deviating progressively further from the vertical
with increasing sea depth so that, at the seabed,

said riser conduits being substantially horizontal; and

said first and second riser conduits being secured at the seabed by
first and second fixtures, respectively, with the wells extending into the

seabed from each fixture.

22. The system according to claim 21, wherein the riser conduit is

pivotally mounted to the fixture.
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23. The system according to claim 21, wherein the fixture is in the form

of a skid which is to be fixed to the seabed.

24. An assembly according to claim 5, wherein, at the seabed, the riser

conduit is horizontal.



