OFFSHORE UNDERWAT E

The present invention relates to a method and
apparatus for drilling an offshore underwater well. _

Two conventlonal methods exist for drllllng an
offshore underwater we11. The flrst of these ‘is to drill
and set a conductor p1pe between a surface platform and the
sea bed followed by drllllng a surface well us:mg a
platform wellhead. The BOP is located on the surface
wellhead. Subsequent casing strings are landed in the
surface wellhead. The well is completed by suspending
completion tubing from the wellhead and installing a
platforxu tree. A second method is to drill and set a
conductor pipe into the seabed using a flbating drilling
vessel with the wellhead located on the bed. A subsea
drilling BOP has to run on a drilling ris‘er' down to the
seabed and is connected to the subsea wellhead. A subsea
well is drilled with subsequent cas:Lng hangers landed in
the subsea wellhead. .The well is completed by placing a
conventional tree on the seabed wellhead. An alternative
subsea option is to use a horizontal tree and then run the
tubing. _

As the industry moves further offshore and beyond the
continental shelf, the water depths being considered are
drastically increasing as reservoirs down the flank of the
continental shelf and on the ocean floors are discovered.
These water depths rule out the use of conventional
platforms and their low cost drilling techniques. Floating
or tension production platform systems can be used but
their drilling footprint into the reservoir is 1imited.,
requiring peripheral seabed subsea production support
wells. Subsea fields involve considerable complex subsea
architecture and require extensive high cost rig
intervention.

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



‘a'slanted conductor. In such an arrangement, the conductor
is supported at an angle by the platform. so that _it can be
run in at an angle thereby increasing the lateral distance
between the base of the platform-and the location where'the
conductor meets the seabed. However, such an arrangement
is* awkward -and costly as it requ:.res a spec1ally ‘made
structure to support the co _duct"r' at an angle. Further,
the system will not work 1n deep water w1thout some support.
for the conductor at various 1ocatlons between the surface
and the seabed which is not ava:.lable from a floatlng
platform. _ _

According to the present 1nventlon, a method of
drilling an offshore underwater well comprises the steps of
installing ‘a riser conduit so- that it is substantially
vertically supported at a production deck situated
substantially at the sea surfaceé and d‘evi'ate_s__ progressively
furthér from the vertical with increasing sea depth, fixing
the riser conduit at the seabed in a non-vertical
orientation, and drilling the well into the seabed at an
angle to the vertical.

As the riser conduit is substantially vertically
supported at the production deck, it is possible to use
conventional platform drilling and production techniques
which help keep the costs to a minimum. Further, because
the riser conduit is supported at the surface and at the
seabed, and deviates progressively further from the
vertical in between, intermediate support is not required
but can be provided if necessary by buoyancy modules.

In some fields, the reservoir could be relatively
close to the seabed. In such a case, there is insufficient
depth for a conventional subsea well which starts
vertically at the seabed to be deviated to a sufficient
angle to access reservoir formations not already being
drained by nearby vertical or deviated wells. Therefore
only a limited reservoir acreage can be accessed. With the
present invention, some of this deviation from the vertical
is already provided before reaching the seabed, so that
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less deviation is required underground which allows higher
.angle or horizontal welis to be drilled far along the
reservoir. This allows better access to reservoirs which
are close to the seabed. - However, the most important
benefit of the present invention arises when the water is
sufficiently deep that the riser conduit can be deviated to
be hori-zdnfé;l-. at thé l"'seé}'b'ed:._ - once the ri'_sgr_ conduit
becomes horizontal, it is possible to extend it . some
considerable distance aiong the seabed before drilling into
the seabed so that the drilling' footprint of a platform can
be greatly increased without drilling. "

There are a number of different ways in which the
riser conduit can be installed. According to a first
method, the riser conduit is run from an installation
vessel with a skid attached_,. installed vertically and
pivotally connected at the’ seabed, the installation vessel
is moved horizoritaily 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. According to a second method, the production
deck is offset from the location where the riser conduit is
connected to a skid and 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. According to a third method the
riser conduit is pre-made and towed to the appropriate
location before being fixed at the .productio_n deck and
fixed at the seabed. In this third case, the pipe may be
towed out just off the seabed, and one end raised to the
production deck. Alternatively, the pipe may be towed out
and hung off at the platform before being lowered to the
seabed and fixed. . '

According to a second aspect of the present invention,
an offshore wellhead assembly comprises 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 fixed at
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an- angle to tﬁe vertical at the _'s_,'_e'abed. by a fixture, and a
cased well extending into the seabed from the fixture.
This arrangement provides the same advantages of being able
to access reservoirs areas close to the seabed, and
increase the drilling footprint ‘of the production
1nsta11atlon as referred to above.

The . riser condult may be’ rlgldly 1ocked to the
fixture. However, in order to provide ease of 1nsta;l_atlor_4
and a fixture which can accommodate the riser at any angle
it is preferable for the riser conduit to be pivotally
attached to the fixture. |

' The fixture is preferably in the form of a skid having
a gravity base or piles to secure it to the seabed. The
skid is readily able to be transported to the correct
location and ca'in. be simply secured to the seabed by the
base or the piles. _ _

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 accordlng 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 wvertically, 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,



_with'the one exception that it is not horizontal at the
seabed. Instead, it is fastened at an oblique angle to the
skid 7 and the cased well 8 extends at the same angle into
the seabed.

The details of the horizontally extendinhg arrangement
.of condult 5A are shown. in more deta11 1n Fig. 2 and Figs.
3A - 3D and 1nsta11atlon of the wellhead assembly will be
described with reference to these draw1ngs.

The first stage of the 1nsta11at10n is to 1nsta11 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 cbnduit at the

production platform. The riser conduit, is then run
vertically from the productlon 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 leg 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 pte-installed on the
seabed as previeusly 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



mo_vahle' through an angle of 90° as de_mco_nstfated' by the
arrow 14. The wellhead has a swival telescopic section 123
which is locked during the installation process- at mid-
stroke and is- unlocked once the sy'stem is installed to
allow for riser conduit tw:.st and thermal expans1on. This
allows not only for the thlrd 1nstallatlon method descrlbed
above where the" wellhead 12 w:.ll :Ln:Lt:Lally have to be
vertlcal hut also allows for the obllque rlser cendult 5B
as 111ustrated in Flg. 1. The riser conduit 5 is .lJanded
within the wellhead 7 and is sealed by pressure seals 15.

The next stage is to er.ll from the wellhead 12 into
the seab_ed 6 and to install a conductor. Depend:.ng on the
surface formation a hole can be drilled and a conductor can
be i'n'stalled or the conductdr 16 can he run with an
internal shoe bit rotated by a drill string turbine. This
latter arrangement can be used in order to drlll through
unconsolidatéd 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 techniques 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
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riser conduit 5, pa‘-r-t:icularly where the riser conduit has
a long horizontal portion.

The appropriate tie back casings 19, 20 are hung off
at the production deck and landed within the wellhead 12 in
a similar manner as for conventional vertical tieback
wellheads. | o - o

' The well completlon tublng 12 1s now run from the
productlon 1nsta11atlon all the way to the productlon
formation. Alternatlvely, the completlon tubing can be
hung off in the wellhead 12. The completion tubing can be
prov1ded with two surface control safety valves 22, 23.

By using the tie back strings and 1and1ng the
production tubing in the wellhead 12, it is possible to
perform a disconnect operatlon above the wellhead 12 after
“the well is made safe. To facilitate reconnectlon, the
skid can have a horlzontal pipeline pull in system.-
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
Fig. 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 relative_l'y' 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,



the drilling riser is vertical at the subsurface platform
25,
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1. A method of drilling an offshore underwater well, the
method comprising the steps of installing a riser conduit
(5) so that it is substantially vertically supported at a
production deck (1,25) sit#atgd‘substantidlly at . the sea
surface (2) and deviatégfprdgréssiVely furﬁher ﬁromvthé .
vertical with indreasing- sea"depth, fixiﬁg  the riser
conduit at the seabed (6) in a non-vertical orientation,
and drilling the well into the seabed at an angle to the
vertical.

2. A method according to claim 1, wherein the drilling
conduit (5) is run from an installation vessel with a skid
attached, installed vertically and pivbtaliy connectéd at
the seabed (6), the: iﬁstéllation 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 (25) is offset from the location where the riser
conduit is to be fixed at the seabed (6), the riser conduit
is connected to a skid and is fed down from the production
deck (1,25) and is manoeuvred out to the end target
location at the seabed.

4. A method according to claim 1, wherein the riser
conduit (5) is pre-made and towed to the appropriate
location before being fixed at the production deck (1,25)
-and fixed at the seabed (6) .

5. An offshore wellhead assembly comprising a production
deck (1,25) at which a riser conduit (5) is vertically
suspended, the riser conduit deviating progressively
further from the vertical with increasing sea depth, the
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riser conduit being secured at an angle to the vertical at
the seabed (6) by a fixture (7), and a cased well (8)
extending into the seabed from the fixture 7.

6. A assembly according to claim 5, wherein the riser
conduit (5) is attachgd by the fixture (7) at a oblique
angle to the vertical, and the cased well (8) extends into
the seabed at the samévébliﬁue angle.

7. An assembly according to claim 5, wherein, at the
seabed (6), the riser conduit (S)Iis horizontal and extends
across the seabed to the fixture (7).

8." An assembly according to any one of claims 5 to 7,
wherein the riser conduit (5) is pivotally mounted to the
fixture. | ' '

9. An assembly according to any one of claims 5 to 8,
wherein the fixture is in the form of a skid (7) which is
to be fixed to the seabed.
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