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RISER BUOYANCY ADJUSTABLE THRUST COLUMN

Cross Reference to Related Application:

This application claims priority to provisional application S.N. 61/173,401, filed
April 28, 2009,

Field of the Invention:

This invention relates in general to drilling risers for offshore well drilling, and in
particular to a device for handing forces imposed by buoyancy modules attached to the
drilling risers.

Background of the Invention:

Drilling risers are employed while drilling an offshore well. The drilling riser
extends from a subsea wellhead on the sea floor to a drilling platform on the surface. A
typical drilling riser has a central riser pipe and a number of auxiliary pipes or lines. The
operator runs drill pipe, casing, and various tools through central pipe of the riser. The
auxiliary lines are parallel to the central pipe, spaced around it, and have smaller
diameters. The operator supplies hydraulic fluid through some of the auxiliary lines and
employs others as choke and kill lines.

Normally, drilling risers utilize buoyancy to reduce the overall weight of the
components in water. One type of buoyancy comprises modules of buoyant material.
The modules push upward on the riser couplings while in water due to the buoyancy.
While in air, the weight of the modules transfer to the riser couplings. The modules tend

to move upward while in water, and this movement is resistant by a variety of devices.



The devices may be complex or use friction to resist the upward movement. These devices also
include thrust columns that have adjustment notches.
Summary:

According to a first aspect, there is provided an offshore riser joint assembly, comprising:
a central riser pipe: an upper support flange on an upper end portion of the central riser pipe and a
lower support flange on a lower end portion of the central riser pipe, each of the support flanges
having a plurality of openings; a plurality of auxiliary lines spaced around the central riser pipe, each
auxiliary line having an upper end extending through one of the openings in the upper support flange
and a lower end extending through one of the openings in the lower support flange; a buoyancy
module assembly mounted around the central riser pipe and the plurality of the auxiliary lines; upper
and lower thrust flanges carried by at least one of the auxiliary lines, the upper thrust flange being at
an upper end of the buoyancy module assembly and the lower thrust flange being at a lower end of the
buoyancy module assembly; an upper thrust link extending between the upper thrust flange and the
upper support flange for transferring an upward force imposed by the buoyancy module assembly
while submersed to the upper support flange; a lower thrust link extending between the lower thrust
flange and the lower support flange for transferring a downward force imposed by the weight of the
buoyancy module assembly while out of water to the lower support flange; and wherein: the upper
thrust flange is axially movable relative to the auxiliary line on which it is carried so that upward
thrust forces applied to the upper thrust flange pass through the upper thrust link directly to the upper
support flange, bypassing the auxiliary line on which the upper thrust flange is carried.

According to a second aspect, there is provided an offshore riser joint assembly, comprising:
a central riser pipe; an upper support flange on an upper end portion of the central riser pipe and a
lower support flange on a lower end portion of the central riser pipe, each of the support flanges
having a plurality of openings; a plurality of auxiliary lines spaced around the central riser pipe, each
auxiliary line haying an upper end extending through one of the openings in the upper support flange
and a lower end extending through one of the openings in the lower support flange; a buoyancy
module assembly mounted around the central riser pipe and the plurality of the auxiliary lines: upper
and lower thrust flanges carried by at least one of the auxiliary lines, the upper thrust flange being at
an upper end of the buoyancy module assembly and the lower thrust flange being at a lower end of the
buoyancy module assembly; an upper thrust link extending between the upper thrust flange and the
upper support flange for transferring an upward force imposed by the buoyancy module assembly
While submersed to the upper support flange; a lower thrust link extending between the lower thrust
flange and the lower support flange for transferring a downward force imposed by the weight of the

buoyancy module assembly while out of water to the lower support flange; and wherein the upper



thrust link comprises an upper thrust sleeve through which the one of the auxiliary lines pass, the
upper thrust flange being secured to the upper thrust sleeve, the upper thrust sleeve having an upper
end that abuts a lower side of the upper support flange.

According to a third aspect, there is provided an offshore riser joint assembly, comprising: a
central riser pipe; an upper support flange on an upper end portion of the central riser pipe and a lower
support flange on a lower end portion of the central riser pipe, each of the flanges having a plurality of
openings; a plurality of auxiliary lines spaced around the central riser pipe, each auxiliary line having
an upper end extending through one of the openings in the upper support flange and a lower end
extending through one of the openings in the lower support flange; a buoyancy module assembly of a
buoyant material mounted around the central riser pipe and the auxiliary lines; a pair of upper thrust
sleeves, each of the upper thrust sleeves sliding over one of the auxiliary lines, each of the upper
thrust sleeves having an upper thrust flange that is engaged by an upper end of the buoyancy module
assembly, each of the upper thrust sleeves being mounted so as to transfer upward thrust imposed by
the buoyancy module assembly to the upper support flange; and a pair of lower thrust sleeves, each of
the lower thrust sleeves sliding over one of the auxiliary lines, each of the lower thrust sleeves having
a lower thrust flange that is engaged by a lower end of the buoyancy module assembly, each of the
lower thrust sleeves being mounted so as to transfer weight of buoyancy module assembly while out
of water to the lower support flange.

According to a fourth aspect, there is provided a method of providing buoyancy to an offshore
riser assembly having a central riser pipe, an upper support flange on an upper end portion of the
central riser pipe, a lower support flange on a lower end on a lower end portion of the central riser
pipe, and a plurality of auxiliary lines spaced around the central riser pipe, each auxiliary line having
ends extending through openings in the upper and lower support flanges, the method comprising:
placing upper and lower thrust flanges at upper and lower ends of a buoyancy module assembly, and
mounting the buoyancy module assembly around the central riser pipe and the auxiliary lines;
mounting an upper thrust link between the upper thrust flange and the upper support flange, the upper
thrust link being axially movable relative to the central riser pipe and the auxiliary lines; transferring
an upward force imposed by the buoyancy module assembly while submersed from the upper thrust
flange directly from the upper thrust link to the upper support flange, bypassing the central riser pipe
and the auxiliary lines; and transferring a downward force imposed by the weight of the buoyancy

module assembly while out of water from the lower thrust flange to the lower support flange.
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In this invention, upper and lower thrust flanges are carried by at least one of the auxiliary
lines. The upper thrust flange is at an upper end of a buoyancy module assembly, and the lower thrust
flange is at a lower end of the buoyancy module assembly. An upper thrust link extends between the
upper thrust flange and an upper support flange secured to the central riser pipe. The upper thrust link
transfers an upward force imposed by the buoyancy module assembly while submersed to the upper
support flange. A lower thrust link extends between the lower thrust flange and a lower support
flange of the central riser pipe. The lower thrust link transfers a downward force imposed by the
weight of the buoyancy module while out of water to the lower support flange.

The upper thrust flange is axially movable relative to the auxiliary line on which it is carried
so that upward thrust forces applied to the upper thrust flange pass through the upper thrust link
directly to the upper support flange, bypassing the auxiliary line on which the upper thrust flange is
carried.

An adjustment mechanism adjusts a distance from one of the thrust flanges to the other. In
the preferred embodiment, a set of external threads is located on at Ieast one of the auxiliary lines. A
threaded nut is in engagement with the external threads. One of the thrust links is engaged by the
threaded nut so as to selectively position one of the thrust flanges at a selected point along a length of
the assembly,

Preferably, there are two of the upper flanges and two lower flanges, each spaced 180 degrees

apart from the other relative to an axis of the central riser pipe. In the

Zb



WO 2010/129236 PCT/US2010/03246Y

preferred embodiment, the upper and lower thrust links comprise thrust sleeves, each -
recetving one of the auxiliary lines.
Brief Description of the Drawings:

Figure 1 is a partially sectioned side elevational view of a riser joint assembly
constructed in accordance with this invention.

Figure 2 is an isometric view of an upper portion of the riser joint assembly of
Figure 1, with the buoyancy modules removed.

Figure 3 is an isometric view of a lower portion of the riser joint assembly of
Figure 1, with the buoyancy modules removed.

Figure 4 is a top view of the riser joint assembly of Figure 1, with the buoyancy
modules removed.

Figure 5 is a sectional view of the riser joint assembly of Figure 1, taken along the
line 5- - 5 of Figure 1 and with the buoyancy modules removed.

Detailed Description of the Invention:

Referring to Figure 1, one section of a riser joint assembly 11 is illustrated. Riser
joint assembly 11 is typically from about 5-90 feet in length and is coupled into a string
of riser extending from a drilling vessel to a subsea wellhead. Riser joint assembly 11
has a main riser pipe 13, which has an upper connector 15 on one end and a lower
connector 17 on the other end. in this embodiment, upper connector 15 is a box-type
connection and lower connector 17 is a pin-type connector for connecting to a box of a
mating riser assembly. Connectors 15, 17 may be conventional members and could be

reversed, if desired.



WO 2010/129236 PCT/US2010/032469

An upper support flange 19 extends radially outward from upper connector 15.
Similarly, a lower support flange 21 extends radially outward from lower connector 17.
Support flanges 19 and 21 are located in parallel planes perpendicular to an axis 22 of
main riser pipe 13.

Several auxiliary pipes or lines 23 are mounted around and paraliel to main riser
pipe 13. Each auxiliary line 23 is smaller in diameter than main riser pipe 13 and is
parallel with axis 22. Auxiliary lines 23 serve various purposes, such as choke and kill
lines and hydraulic fluid supply lines. Typically, the auxiliary lines 23 serving as choke
and kill lines are larger in diameter than those serving as hydraulic fluid supply lines, but
this 1s not essential.

Each auxiliary line 23 has a box connector or coupling 25 on one end and a pin
connector or coupling 26 on an opposite end for connection to auxiliary lines 23 of
adjacent riser joint assemblies. In this example, box coupling 25 is on the upper end and
pin coupling 26 on the lower end, but that could be reversed. The types of couplings 25,
26 may vary. The upper coupling 25 of each auxiliary line 23 slides mto a slot 27 (Figure
2) formed i upper support flange 19. The lower coupling 25 passes through a hole
formed in lower support flange 21. Auxiliary lines 23 and couplings 25, 26 are attached
in a conventional manner to riser joint assembly 11 so that they are fixed axially to upper
and lower support flanges 19, 21. Any upward forces imposed on auxiliary lines 23
transfer to upper support flange 19 and any downward forces on auxiliary lines 23
transfer to lower support flange 21,

An upper thrust sleeve 29 is located on least two of the auxiliary lines 23. Each

upper thrust sleeve 29 is a tubular member with an upper end that abuts the lower side of
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upper support flange 19. The inner diameter of each upper thrust sleeve 29 is large
enough to slide over pin coupling 26 before it is inserted into a hole in lower support
flange 21, but not large enough to slide over box coupling 25. Each upper thrust sleeve
29 has a flange 31 that extends radially outward from it. Flange 31 is located at the lower
end of each upper thrust sleeve 29 in this example. Also, in this embodiment, the two
upper thrust sleeves 29 are located on auxiliary lines 23 that are 180° apart from each
other relative to axis 22. Also, upper thrust sleeves 29 are located on the auxiliary lines
23 that are larger in diameter and serve as choke and kill lines, but this is not necessary.
They could be located on the smaller auxiliary lines 23. In this embodiment, each upper
thrust sleeve 29 is axially slidable on its auxiliary line 23, such that any upward directed
forces applied to its flange 31 would be transmitted to upper support flange 19 and upper
connector 15, and not to its auxiliary line 23.

A lower thrust sleeve 33 is located on a lower portion of at least two of the
auxiliary lines 23. In this embodiment, each lower thrust sieeve 33 is on one of the
auxiliary lines 23 that also contains one of the upper thrust sleeve 29. Each lower thrust
sleeve 33 is also a tubular member that slides over the pin coupling 26 of one of the
auxiliary lines 23 before pin coupling 26 is inserted into a hole in lower support flange
21. Each lower thrust sleeve 33 has a flange 35 on its upper end that extends radially
outward from lower thrust sleeve 33, Lower thrust sleeves 33 are also located on
auxiliary limes 23 that are 180° apart {rom each other. However, lower thrust sleeves 33
do not have to be on the same auxiliary lines 23 as upper thrust sleeves 29.

The positions of either the upper or the lower thrust sleeves 31, 33 or both are

adjustable. In this embodiment, lower thrust sleeves 33 are adjustable so as to position
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their flanges 35 at a selected distance from flanges 31 of upper thrust sleeves 29. This is
handled by providing each lower thrust sleeve 33 with a nut 37, which is integrally
sccured or welded to the lower end of each lower thrust sleeve 33. Nuts 37 engage
threads 39 that are formed on the lower portions of auxiliary lines 23. Rotating each
lower thrust sleeve 33 in one direction will move flanges 35 upward; rotating lower thrust
sleeves 33 in the other direction will advance nuts 37 down threads 39 and move flanges
35 downward. A set screw (not shown) is employed to secure each nut 37 when its
flange 35 is in the desired position.

A number of buoyant module sections 41 are mounted between upper thrust
sleeve flange 31 and lower thrust sleeve flange 35 to add buoyancy to riser joint assembly
11, Module sections 41 may be formed of a conventional material used for that purpose,
such as a foam containing beads. Module sections 41 are mounted end-to-end along the
length of riser joint assembly 11. Each module section 41 comprises two semi-
cylindrical members that mate to each other around riser joint assembly 11 and provide a
cylindrical exterior configuration. Each half of each module section 41 has inner recesses
formed to fit around main riser pipe 13 and the various auxiliary lines 23. Bands or
straps 47 are employed around their exterior sides to secure the two halves of each
buoyant member module section 41 together. The upper end of the uppermost module
section 41 will be at upper thrust sleeve flange 31. Lower thrust sleeve flange 35 will be
adjusted to be in contact with the lower end of the lowermost module section 41.

A number of clamps 43 (Fig. 2) may be spaced along the lengths of riser joint
assembly 11 to secure auxiliary lines 23 to main riser pipe 13. As shown in Figure 5,

each clamp 43 comprises two pieces 43a and 43b that are bolted together around main
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riser pipe 13. When assembled, each clamp 43 defines spokes 44 that extend radially
outward relative to axis 22 for receiving the auxiliary lines 23. Caps 45 secure clamp
spokes 44 around auxiliary lines 23. Buoyant module scctions 41 have internal recesses
for receiving and enclosing clamps 43.

Figure 2 illustrates one of the clamps 43 in abutment with the lower side of upper
thrust sleeve flange 31. A portion of the upper end of the uppermost buoyant module
section 41 (Fig. 2) will abut the lower side of this uppermost clamp 43.

Buoyant module sections 41 are assembled into riser joint assembly 11 by placing
the halves of each module around main riser pipe 13 and clamping them together with
bands 47. The ends of each module section 41 will abut ends of adjacent module sections
41 above and/or below. Once assembled, lower thrust sleeves 33 are adjusted so that
their flanges 35 abut the lower end of the lowermost buoyant module section 41.

In operation, when riser joint assembly 11 is out of the water, the weight of each
buoyant module section 41 transfers to the next lower module section 41 due to their end-
to-end abutments. The lowermost module section 41 transfers the cumulative weight to
lower thrust sleeve flanges 35, which serves as a thrust link to transfer the cumulative
weight to auxiliary lines 23 and to lower support flange 21 and main riser pipe 13. As
riser joint assembly 11 is lowered into the water, a buoyant force will be exerted by
buoyant module sections 41. The buoyant forces pass up the modules 41 due to their
end-to-end abutments and to upper thrust sleeve flanges 31. Upper thrust sleeve flanges
31 transfer the forces through upper thrust sleeve 29, which serves as an upper thrust link,

to upper support flange 19 and upper connector 15.
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While the invention has been shown in only one of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.



The invention claimed is:

1. An offshore riser joint assembly, comprising:
a central riser pipe:

an upper support flange on an upper end portion of the central riser pipe and a lower support
flange on a lower end portion of the central riser pipe, each of the support flanges having a plurality of
openings;

a plurality of auxiliary lines spaced around the central riser pipe, each auxiliary line having an
upper end extending through one of the openings in the upper support flange and a lower end
extending through one of the openings in the lower support flange;

a buoyancy module assembly mounted around the central riser pipe and the plurality of the
auxiliary lines;

upper and lower thrust flanges carried by at least one of the auxiliary lines, the upper thrust
flange being at an upper end of the buoyancy module assembly and the lower thrust flange being at a
lower end of the buoyancy module assembly;

an upper thrust link extending between the upper thrust flange and the upper support flange
for transferring an upward force imposed by the buoyancy module assembly while submersed to the
upper support flange;

a lower thrust link extending between the lower thrust flange and the lower support flange for
transferring a downward force imposed by the weight of the buoyancy module assembly while out of
water to the lower support flange; and wherein:

the upper thrust flange is axially movable relative to the auxiliary line on which it is carried so
that upward thrust forces applied to the upper thrust flange pass through the upper thrust link directly
to the upper support flange, bypassing the auxiliary line on which the upper thrust flange is carried.

2. The riser joint assembly according to claim 1, further comprising an adjustment mechanism that

selectively adjusts a distance from one of the thrust flanges to the other.

3. The riser joint assembly according to claim 1, wherein:

the upper thrust flange comprises two of the upper flanges, each spaced 180 degrees apart
from the other relative to an axis of the central riser pipe; and

the lower thrust flange comprises two of the lower flanges, each spaced 180 degrees apart

from the other relative to the axis of the central riser pipe.

4. The riser joint assembly according to claim 1, wherein the upper and lower thrust links comprise

thrust sleeves, each receiving one of the auxiliary lines.



5. An offshore riser joint assembly, comprising:

a central riser pipe;

an upper support flange on an upper end portion of the central riser pipe and a lower support
flange on a lower end portion of the central riser pipe, each of the support flanges having a plurality of
openings;

a plurality of auxiliary lines spaced around the central riser pipe, each auxiliary line haying an
upper end extending through one of the openings in the upper support flange and a lower end
extending through one of the openings in the lower support flange;

a buoyancy module assembly mounted around the central riser pipe and the plurality of the
auxiliary lines:

upper and lower thrust flanges carried by at least one of the auxiliary lines, the upper thrust
flange being at an upper end of the buoyancy module assembly and the lower thrust flange being at a
lower end of the buoyancy module assembly;

an upper thrust link extending between the upper thrust flange and the upper support flange
for transferring an upward force imposed by the buoyancy module assembly while submersed to the
upper support flange;

a lower thrust link extending between the lower thrust flange and the lower support flange for
transferring & downward force imposed by the weight of the bucyancy module assembly while out of
water to the lower support flange; and wherein

the upper thrust link comprises an upper thrust sleeve through which the one of the auxiliary
lines pass, the upper thrust flange being secured to the upper thrust sleeve, the upper thrust sleeve

having an upper end that abuts a lower side of the upper support flange.

6. The riser joint assembly according to claim 5, further comprising:
a set of external threads on at least one of the auxiliary lines;
a threaded nut in engagement with the external threads; and
one of the thrust links is engaged by the threaded nut so as to selectively position one of the

thrust flanges at a selected point along a length of the riser joint assembly.

7. The riser joint assembly according to claim 5, further comprising:
at least one clamp bolted around the central riser pipe between the support flanges, the clamp
having a hub portion and a plurality of legs extending outward from the hub portion; and

a retainer securing each of the auxiliary lines to an outer end of one of the legs.

10



8. The riser joint assembly according to claim 5, wherein the buoyancy module assembly comprises a
plurality of foam block sections, each foam block section having at least two block segments fitted
around the central riser pipe and the auxiliary lines and strapped in position, the foam block sections

being stacked end on end between the thrust flanges.

9. An offshore riser joint assembly, comprising:

a central riser pipe;

an upper support flange on an upper end portion of the central riser pipe and a lower support
flange on a lower end portion of the central riser pipe, each of the flanges having a plurality of
openings;

a plurality of auxiliary lines spaced around the central riser pipe, each auxiliary line having an
upper end extending through one of the openings in the upper support flange and a lower end
extending through one of the openings in the lower support flange;

a buoyancy module assembly of a buoyant material mounted around the central riser pipe and
the auxiliary lines;

a pair of upper thrust sleeves, each of the upper thrust sleeves sliding over one of the auxiliary
lines, each of the upper thrust sleeves having an upper thrust flange that is engaged by an upper end of
the buoyancy module assembly, each of the upper thrust sleeves being mounted so as to transfer
upward thrust imposed by the buoyancy module assembly to the upper support flange; and

a pair of lower thrust sleeves, each of the lower thrust sleeves sliding over one of the auxiliary
lines, each of the lower thrust sleeves having a lower thrust flange that is engaged by a lower end of
the buoyancy module assembly, each of the lower thrust sleeves being mounted so as to transfer

weight of buoyancy module assembly while out of water to the lower support flange.

10. The riser joint assembly according to claim 9, wherein:

each of the upper thrust sleeves is axially movable relative to the auxiliary line on which it is
carried so that upward thrust forces applied to the upper thrust flanges pass through the upper thrust
sleeves directly to the upper support flange, bypassing the auxiliary lines on which the upper thrust

sleeves are carried.
11. The riser joint assembly according to claim 9, further comprising:

an adjustment mechanism in cooperative engagement with one of the pairs of thrust sleeves to

selectively adjust a distance from the pair of lower thrust sleeves to the pair of upper thrust sleeves.
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12. The riser joint assembly according to claim 9, further comprising:

a set of external threads on each of the auxiliary lines carrying the pair of lower thrust sleeves;
and

a threaded nut in engagement with each set of external threads and each lower thrust sleeve

for varying a position of each of the lower thrust sleeves relative to the upper thrust sleeves.

13. The riser joint assembly according to claim 9, wherein:
the upper thrust flanges are located on lower ends of the upper thrust sleeves; and

the lower thrust flanges are located on upper ends of the lower thrust sleeves.

14. The riser joint assembly according to claim 9, further comprising:
at least one clamp bolted around the central riser pipe between the support flanges, the clamp
having a hub portion and a plurality of legs extending outward from the hub portion; and

a retainer securing each of the auxiliary lines to an outer end of one of the legs.

15. The riser joint assembly according to claim 9, wherein the buoyancy module assembly comprises
a plurality of foam block sections, each foam block section having at least two block segments fitted
around the central riser pipe and the auxiliary lines and strapped in position, the foam block sections

being stacked end on end between the thrust flanges.

16. A method of providing buoyancy to an offshore riser assembly having a central riser pipe, an
upper support flange on an upper end portion of the central riser pipe, a lower support flange on a
lower end on a lower end portion of the central riser pipe, and a plurality of auxiliary lines spaced
around the central riser pipe, each auxiliary line having ends extending through openings in the upper
and lower support flanges, the method comprising:

placing upper and lower thrust flanges at upper and lower ends of a buoyancy module
assembly, and mounting the buoyancy module assembly around the central riser pipe and the auxiliary
lines;

mounting an upper thrust link between the upper thrust flange and the upper support flange,
the upper thrust link being axially movable relative to the central riser pipe and the auxiliary lines;

transferring an upward force imposed by the buoyancy module assembly while submersed
from the upper thrust flange directly from the upper thrust link to the upper support flange, bypassing
the central riser pipe and the auxiliary lines; and

transferring a downward force imposed by the weight of the buoyancy module assembly

while out of water from the lower thrust flange to the lower support flange.
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17. The method according to claim 16, further comprising selectively adjusting the position of one of

the upper and lower flanges relative to the other.

18. The method according to claim 16, wherein placing upper and lower thrust flanges comprises

positioning the thrust flanges on opposite sides of an axis of the central riser pipe.
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