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

According 1o a first aspect, there is provided an offshore riser ioint assembly, comprising:

a central riser pipe: an unper 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 flapges

having a plarality of openings: & 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 throush one of the openines in the lower support flanse; a buovancy

module assembly mounted around the central riser pipe and the plurality of the auwxiliary lines: upper

and lower thrust flanges carried by at least one of the auxiliary lines, the upper thrust flange being at

an upner end of the huovancy module assembly and the lower thrust flanee beinyg at a lower end of the

buovancy module assemblv: an upper thrust link extending between the upper thrust flance and the

unper support flange for transferring an upward force imposed bv the buovancy module assembly

while submersed to the upper support flange; a lower thrust link extendinge between the Jower thrust

flange and the lower support flanse for transferring a downward force imposed by the weieht of the

buovancey module assembly while out of water to the lower support flange: and wherein: the upper

thrust flanee is axially movable reiative io the auxiliary line on which it is camried so that upward

thrust forces anplied to the upper thrust flange pass throueh the upper thrust link directly to the upver

support flange, bypassing the auxiliary line on which the upper thrust flange jis carried,

According to a second aspect, there is provided an offshore riser joint assembly, comprising;

a central riser pipe; an upper support flangs 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 pluralitv of openings; a plurality of auxiliary hines spaced around the central riser nipe, each

auxiliary Hine 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 i the lower support flange: a buovancy

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

and lower thrust {lanees carried by at least one of the auxiliary Lines, the upper (hrust flange beine ai

an upper end of the buovancy moduls assembiv and the lower thrust flanee beine at a lower end of the

buovancy module assembiy: an upwper thrust link extending between the upper thrust flanee and the

upper support flance for transferrine an upward force imposed by the buovancv 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 transfermnge a downward force imposed by the welcht of the

Jbuovancy module assembiy 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 voner 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 nine. each of the flanves 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

extendin

r through one of the openings i the lower support flange: a buovancy module assemblv of a

buovant material mounted around the central riser pipe and the auxiliary lines: a pair of uoper 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 upner end of the buovancy module

assembly. each of the upper thrust sleeves being mounied so as to transfer upward thrust imposed by

the buoyancy module assemblv to the upper support flange; and a pair of lower thrust sleeves, each of

the lower thrust slegves sliding over one of the auxiliary lines, each of the lower thrust sleeves having

a lower thrust flange that is envaged bv a lower end of the buovancy module assembly. cach of the

lower thrust sleeves being mounted so as to transfer weight of buovancy module assembly while out

of water to the lower support flange.

According 1o a fourth aspect. there 1s nrovided a method of providing buovancy to an offshore

riser assembly having g central riser pipe. an unper support flange on an upper end poriion 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 pine. each auxiliarv line having

ends extending through openings in the upper and lower support flanges, the method comprising:

placing upper and lower thrust flances at upper and lower ends of a buovancy module assembly, and

mouniing the buovancy module assembly around the central rser pipe and the auxiliary lines:

mounting an upper thrast link between the upper thrust flange and the upper support flange, the upper

thrust link being axially movable relative 1o the central riser pipe and the auxiliary lines: transferring

an upward force imposed bv the buovancy 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 buovancy

module assembly while out of water from the lower thrust flanee to the lower sunport 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 least 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
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Clajms
1. An offshore riser joint assembly, comprising:
a central riser pipe;
an upper support flange on an upper end portion of the central riser r a
lower support flange on a lower end portion of the central riser pipe, o the support
flanges having a plurality of openings; |
a plurality of auxiliary lines spaced around the central risc; ipe, each auxiliary
line having an upper end extending through one of the openhin the upper suppert
flange and a lower end extending through one of the opem in the lower support
flange;
a buoyancy module assembly mounted o the central riser pipe and the
auxiliary lines; |
by at least one of the auxiliary lines, the

upper and lower thrust flanges cag,

upper thrust flange being at an f d of the buoyancy module assembly and the

support {lan: , tfransferring a downward {orce imposed by the weight of the buoyancy

module ag embiy while out of water to the lower support flange.
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2. The riser joint assembly according to claim 1, wherein:
the upper thrust flange is axially movable relative to the auxiliary line on y hich it
is carried so that upward thrust forces applied to the upper thrust flange pass ough_ the

upper thrust link directly to the upper support flange, bypassing the auxiligry line on

which the upper thrust flange is carried.

3. The riser joint assembly according to claim 1, further comprising an adjustment

mechanism that selectively adjusts 2 distance from one of e thrust flanges to the other.

4, The tiser joint assembly according to claim 1,
the upper thrast flange comprises two of the upper flanges, each spaced 180
degrees apart from the other relative to an g&is of the central riser pipe; and
the lower thrust flange comprisgé two of the lower flanges, cach spaced 180
degrees apart from the other relative to the axis of the central riser pipe.
3, The riser joint assembly dccording to claim 1, wherein the upper and lower thrust links
comprise thrust sleeves/each receiving one of the auxiliary hines.
6. The riser joipt assembly according to claim 1, wherein the upper thrust link comprises
an upper thpdst sleeve through which the one of the auxiliary lines pass, the upper thrust

ng secured to the upper thrust sleeve, the upper thrust sleeve having an upper

flange b,
end 'K::V abuts a lower side of the upper support flange.
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7. The tiser joint assembly according to ciaim 1, further comprising:
a set of external threads on at least one of the auxiliary lines;

a threaded nut in engagement with the exterpal threads; and

8. The riser joint assembly according to claim 1, further comling:
at least one clamp bolted around the central riser pjfe 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 auxiliarylines to an outer end of one of the legs.
9. The riser joint assembly according 6 laim 1. wherein the buoyancy module assembly
comprises a plurality of foam block eciions, each foam block section having at least two
block segments fitted around thé entrai riser pipe and the auxiliary lines and strapped in
position, the foam block seons being stacked end on end between the thrust flanges.
10. An offshore risgt joint assembly, comprising:
a central fiser pipe;
an up r support flange on an upper end portion of the central riser pipe and a

lower s ort flange on a lower end portion of the central riser pipe, each of the flanges

ifg a plurality of openings;

il




WO 2010/129236 PCT/US2U16/032469

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 ea lower end extending through one of the openings in the lower suppert
flange; |

a buoyancy module assembiy of a buoyant matertal mounted d the central
riser pipe and the auxiliary lines; |

a pair of upper thrust sleeves, each of the upper thrust sleg sliding over one of
the auxiliary lines, each of the upper thrust sleeves having agp/ pee: thrust flange that 1s
engaged by an upper end of the buoyancy module assemp , each of the upper thrust
sleeves being mounted so as to transfer upward t iposed by the buoyancy module
assembly to the upper support flange; and |

a pair of lower thrust sleeves, each ofthe lower thrust sleeves sliding over one of
the auxiliary lines, each of the lower gsieeves having a lower thrust flange that is
engaged by a lower end of the buoya y module assembily, each of the lower thrust

sieeves being mounted so as to tpansfer weight of buoyancy module assembly while out

of water to the lower suppor#flange.

11. The riser joint agsemmbly according to claim 10, whersin:

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

auxiffary lines on which the upper thrust sleeves are carried.
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12. The riser joint assembly according to claim 10, 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 slecves to the

pair of upper thrust sleeves.

13. The riser joint assembiy according to claim 10, further comprising:
a set of external threads on each of the auxiliary lines carrying the 3 r of lower
thrust sleeves;
a threaded nut in engagement with each set of external __e-; and each lower

thrust sleeve for varying a position of each of the lower thruspleeves relative to the

upper thrust sleeves.

14, The riser joint assembly according to claim
the upper thrust flanges are located o lower ends of the upper thrust sleeves; and
the lower thrust flanges are locafed on upper ends of the lower thrust sleeves.

15. The riser joint assembly ording to claim 10, further comprising:

at least one clamp/olied around the ceniral riser pipe between the support

flanges, the clamp ha¢ing a hub portion and a plurality of legs extending outward {rom

the hub port:;;yand
& retdiner securing each of the auxiliary lines to an outer end of one of the legs.
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16. The riser joint assembly according to claim 10, wherein the buoyancy module
assembly comprises a plurality of foam block sections, each foam block section havi_ at
Jeast two biock segments fitted around the central riser pipe and the auxiliary liney d
strapped in position, the foam block sections being stacked end on end betweg thrust
flanges.

17. A method of providing buoyancy to an offshore riser assembl, a central riger
pipe, an upper support flange on an upper end portion of the g ral Tiser pipe, a lower
support flange on a lower end on a lower end portion of the entral riser pipe, and a
plurality of auxiliary lines spaced around the central rjder pipe, each auxiliary line having
ends extending through openings in the upper andAower support flanges, the method
comprising:

placing upper and lower thrust flapges on at least one of the auxiliary lines;

mounting a buoyancy module dssembly around the central riser pipe and the
auxiliary lines, with an upper end,Of the buoyancy module assembly in engagement with
the upper thrust flange and a Jdwer end of the buoyancy module assembly in engagement
with the lower thrust flange;

transferring an/upward force imposed by the buoyancy module assembly while
submersed from the upper thrust flange to the upper support flange; and

transfeiring a downward force imposed by the weight of the buoyancy module

assemblyAvhile out of water from the lower thrust flange to the lower support fiange.

/
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18. The method according o claim 17, further comprising selectively adjusting the

position of one of the upper and lower flanges relative to the other.

19. The method according to claim 17, further comprising:
mounting an upper thrust link between the upper thrust flange and the upper

support flange; and wherein
'transferring an upward force comprises passing the upward force through the

xiliary line on which the

upper thrust link to the upper support fiange, bypassing the

upper thrust flange is placed.

20. The method according to claim 17, wherein placing upper and lower thrust flanges

comprises positioning the thrust flanges on gpposite sides of an axis of the central riser

pipe.
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The invention claimed is:

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

an upper support flange on an upper end postion 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 hnes;

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 wpper 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 movabie 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 deprees 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, cach auxiliary ne 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
fower 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 broyancy module assembly while out of
water {0 the lower support {lange; 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 riger 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, cach 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 externa!l threads on each of the auxiliary lines carrving 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 sieeves; 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 auxihary lnes to an outer end of one of the legs.

15. The riser joint assembly according to claim 9, wheremn the buoyancy module assembly comprises
a plurality of foam block sections, each foam block section having at least two biock 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 buovancy 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
iower 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 centrai 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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