e

200004154-1.

2'5 JUL 2800
SUBSEA WELL DRILLING AND/OR COMPLETION APPARATUS

This invention relates generally to apparatus for use in the drilling, completion’
and/or workover of a subsea well from a spar buoy at the sea level above the well.
More particularly, it relates to apparatus of this type having an improved riser
system which extends through a well in the spar buoy.

Spar buoys are caissons of such vertical length as to extend within relatively
quiescent areas of the ocean. They have a well through which a riser extends from
the platform at the upper end of the buoy for connection at their lower ends to the
subsea well.

During a drilling process, a bit on the lower end of a string of drill pipe is
lowered into and raised from the well through the riser, with drilling mud circulated
downwardly through the bit being returned to the drill ship through the annulus
between the drill string and the riser. During a completion or workover process, the
drilling riser is replaced by a completion riser through which tubing and casing
strings may be run for installation within the bore of the well.

According to U.S. Patent Nb. 4,702.321 , it has been proposed to support the
weight of the riser pipes by means of buoyancy units, usually air filled tanks which

surround the riser to support it within the well of the spar buoy. In this way, the cans
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as well as the upper portions of the risérs enjoy the protection afforded within the
well by the buoy passageway.

As shown in such patent, however, the cans connect to the platform, so that,
although the risers are maintained in tension, the tanks are in compression. This
of course subjects the tanks to buckling, and for this reason, the riser system
includes several intermediate decks within the well through which the tanks are
guideably received to_ counter their tendency to buckle.

It is the object of this invention to provide apparatus of this type in which the
riser system is of such construction as to minimize compression in the buoyancy
tanks and thereby, among other things, alleviate the need for their lateral stability
within the well of the spar buoy.

This and other objects are accomplished, in accordance with the illustrated
embodiments of the invention, by subsea drilling, completion and/or workover
apparatus which comprises a spar buoy having a well deck and; as in the Horton
patent, a riser system which includes a riser which extends through the well of the
buoy to the subsea well during drilling and/or completion of the well, and one or
more buoyancy tanks formed b}etween inner and outer walls. e&iaecr®er disposed
about the risers for supporting them. More particularly, the inner wall of the tank has
a shoulder on which the riser is landed, and the riser is free to move vertically with
respect to the well deck of the platform so that the tank is not placed in compression

other than that due to its weight. As shown in the illustrated embodiments of the
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invention, the shoulder may be adjacent the lower or upper end of the passageway
or positions between them. Also, a tubular extension on the upper end of the tank
may surround a downward extension of the deck for guided vertical reciprocation
with respect thereto.

For this purpose, and as shown in the preferred embodiments of the
invention, the inner wall or the tank has an upwardly facing seat on which a
downwardly facing shoulder about the riser is supported. More particularly, the riser
shoulder is formed on an outward enlargement which is closely received within the
passageway to space the riser therefrom.

Supporting the stem of the riser on a shoulder near the upper end of the
passageway of the can will of course reduce the length of it which must be
stabiiized, and further facilitates access to its upper end for test purposes. On the
other hand, if supported on a shoulder near the lower end of the inner wall of the
tank, the riser stem is more accessible for repair or replacement. In either case, or
even when the riser stem is more centrally supported, compression in the tank is
minimized.

The spar buoy also has at least one deck across its well having an opening
through which the tank is guideably received intermediate its upper and lower ends.

As illustrated, the deck opening and tank preferably have vertically interfitting parts

to prevent relative rotation between them.
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As also illustrated, there may be a plurality of side by side risers within the
well of the buoy, and a corresponding number of tanks, with each riser extending
through and supported within each tank being freely moveable vertically with
respect to the well deck so that, as previously described, compression in each is
minimized.

In the drawings, wherein like reference characters are used throughout to
designated like parts:

Fig. 1A -1D are vertical sectional views of a first embodiment of the invention,
with Fig. 1A showing a surface tree mounted on an offshore platform and a sleeve
at the upper end of the buoyancy tank guideably disposed about a lower extension
of the well deck on which the tree is mounted, Fig. 1B being discontinuous to show
upper and intermediate portions of the tank; Fig. 1C showing the lower open end of
the tank on whiqh the riser stem is supported; and Fig. 1D showing the extension
of the lower end of the dirill string beneath the tank for connection to the subsurface

wellhead;

Fig. 2A is an enlarged vertical sectional view of the surface tree and upper
sleeve extension shown in Fig. 1A;
Fig. 3 is an enlarged vertical sectional view of the connection of the closed

upper end of the tank an a tube through which air is supplied thereto, as shown in

the upper portion of Fig. 1B;
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Fig. 4 is a vertical sectional views of the upper ends of guide sleeves of risers
which are disposed in side by side relation within the well of the buoy, and the drill
string extending within the cental riser.

Figs. 5A and 5B are vertical sectional views of an alternative embodiment of
the invention, including a surface wellhead, as in Fig. 1A, and in which a drill string
extending therethrough is supported near upper end of the inner wall of the riser.

Referring now to the details of the drawings, and particularly the upper end
of the first embodiment of the apparatus shown in Fig. 1A to 1D, a surface welthead
is shown, in the production mode in which a tree 10 is mounted on and extends
through the well deck 11 of an offshore platform. The deck is mounted on and
disposed above the upper end of the well 13 of the spar buoy indicated gerierally
at12.

As well known in the art, and best shown in Fig. 2A, the surface tree 10
includes a housing 14 extending through the well deck and connected at its lower
end to the upper end of the riser stem RS. The housing has a bore with a shoulder
on which the casing hanger 15 is mounted for suspending a casing string extending
downwardly through the riser stem at the lower end of the housing into the subsea
well subsea well head (Fig. 1D), as well as a tubing hanger 16 which is in turn

supported on the upper end of the casing hanger for suspending it within the casing

string.
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As well known in the art, an outer annulus is formed between the casing string
and the bore of the housing 14 and riser stem suspended therefrom, while aninner
annulus is formed between the casing string and tubing string. During production,
the well fluid flows upwardly through the tubing string and the bore of the tubing
hanger from which it is suspended, and is in turn controlled by suitable valves
mounted on the tree. The inner annulus is connected to ports in the side of the
housing connecting with additional valves of the tree, while the outer annulus is
connected to lower ports for flow through additional valving.

A buoyancy tank BT is disposed about the riser beneath the tree for guided
movement vertically within the well 13 of the spar buoy in position to support the
riser, as will be described in more detail to follow. Thus, the tank includes an inner
wall 21 and an outer wall 22 to form an annular space between them to which air
may be supplied or from which air may be exhausted through a line 23 extending
downwardly from a source at the head of the well and through the closed upper end
of the tank. As shown, the lower end of the annular space is open beneath the
water level intermediate the upper and lower ends of the can, although, in a less
preferred embodiment, the lower end may also be closed and the buoyancy of the
tank totally controlled by the air pressure in the closed upper end of the tank.

A sleeve 30 extends upwardly from the upper end of the inner wall of the tank
for guideably surrounding means on the well deck, which, as shown, comprises a

series of gussets. More particularly, these gussets are of such height or vertical
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length as to ensure that the upper end of the sleeve of the tank is free to slide
vertically with respect thereto in all the anticipated vertical positions of the can
beneath the deck, thus avoiding placing the can in compression.

As both shown in Fig. 1C, the lower end of the inner wall of the can has an
annular seat 35 on which a downwardly facing shoulder 36 about an intermediate
portion of the riser stem is mounted, thus supporting the riser from the can, but
nevertheless permitting the can to rise and fall without being placed in compression.
The closed upper end of the can comprises a cap, which, as shown in Fig. 1B,
surrounds the lower end of the guide sleeve 30 for connection thereto by means of
bolts or the like. The line 23 through which air flows to or from the interior of the
tank extends sealably through a connector mounted on the cap at the upper end of
the can.

As previously described, the riser is guidably received within the inner wall of
the tank, as indicated by the flanges.on the lower end riser stem on which shoutder
36 is found. As shown in Fig. 1C, the outer wall of the can and the opening in the
spar buoy through which it is received have vertically interfitting parts P which
prevent the rotation of the can within tﬁe buoy. Also, there are gusseted flanges on
the intermediate portion of the outer wall of the can which maintain the inner and
outer walls properly spaced.

In the altgrnate embodiment of the invention shown in Figs. 5A and 5B, a

shoulder 35A on the riser is seated on a shoulder 36A on the inner wall of the tank
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near the upper end of its inner wall.- In many other respects, it is similar to the first
embodiment, and hence the same'reference characters are used. In one respect,
however, it differs in that the tank does not have an upper sleeve for guidance
purposes. Thus, it contemplates the use of other conventional means used for
stabilizing the riser stem to the extend required. Also, the invention of course
anticipates that the supporting shoulder within the can may be at other locations
intermediate its upper and lower ends.

As previously described, and as shown in Fig. 4, for example, the well through
the spar buoy may be of such size as to permit a number of risers and buoyancy
tanks to be disposed therein generally in side by side relation, but free to move
vertically with respect to one another. Thus, as shown in Fig. 4, the upper end of
the guide sleeve for each can extends upwardly for guided disposal about the lower
end of an individual well deck. Although only one surface tree is shown mounted
on one of the decks to suspend a riser therefrom for extension through a buoyancy
tank, it will be understood that two or three or even more may be so disposed, thus
enabling the completion of a number of wells through the single spar buoy.

In this later regard, and as well known in the art, prior to completion of the
well, the subsea well may be drilled through the riser by means of drilling tools
lowered through a blowout preventer mounted on the upper end thereof. Then of

course, upon drilling of the well, the blowout preventer may be replaced by the
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surface tree to permit the completion and production from the well. These of course
are procedures well known in the art.

From the foregoing it will be seen that this invention is one well adapted to
attain all of the ends and objects hereinabove set forth, together with other
advantages which are obvious and which are inherent to the apparatus.

It will be understood that certain features and subcombinations aré of utility
and my be employed without reference to otﬁer features and subcombinations. This
is contemplated by and is within the scope of the claims.

As many possible embodiments may be made of the invention without
departing from the scope thereof, it is to be understood that all matter herein set

forth or shown in the accompanying drawings is to be interpreted as illustrative and

not in a limiting sense.



What Is Claimed ls:

1. Apparatus for use in drilling, completing and/or working over a subsea

well, comprising:

a spar buoy having a well therethrough and a surface wellhead

connected at its upper end to a deck of the buoy,

a riser extending through the well for connecting the surface wellhead
to the subsea well during drilling, completion and/or workover of the well,

a buoyancy tank having an inner wall, and

means on the inner wall for supporting the riser therefrom,

the upper end of the tank being free vertically with respect to subsea

wellhead.

2. As in claim 1, wherein

the supporting means is near the lower end of the inner wall.

3. As in claim 1, wherein

the passageway is near the upper end of the inner wall.

4, As in claim 1, wherein

the inner wall of the tank has an upper extension surrounding the

surface wellhead for guided vertical reproduction with respect thereto.
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5.  Asinany one of claims 1 to 4, including:

at least one deck across the well in the spar buoy and having an

opening through which the tank is guidably received intermediate its upper and

lower ends.

6. As in claim 5, wherein;

the deck opening and tank have vertically interfitting parts to prevent

relative rotation therebetween.

7. As in claim 1, wherein; .

there are a plurality of side by side tanks within the buoy well.

8. Asinclaim 1, wherein:
the tank has a closed upper end and
there is a source of air or other gas on the deck, and

a line connects the gas with the tank below its upper end.

9.  Foruseindrilling, completing and/or working over of a subsea well from

a spar buoy having a well to receive a surface wellhead, an assembly comprising:

a riser pipe whose upper end is adapted to extend through the well to

connect the surface wellhead to a subsurface wellhead, and
-11-
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a buoyancy tank disposed about the riser within the well and having an
upwardly facing shoulder at its inner wall for supporting a downwardly facing

shoulder on the riser pipe when so disposed.

10. As in claim 9, wherein:
the shoulder is near the lower end of the passageway, and

a tubular extension on the upper end of the inner wall of the tank

surrounds the surface wellhead for vertical reciprocation with respect thereto;

11. Asin9, wherein:

the shoulder is near the upper end of the passageway.
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