10

15

20

25

30

DESCRIPTION

DRILLING RISER ASSEMBLIES

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application Serial No. 61/791,222, filed March 15, 2013, hereby incorporated by reference in

its entirety.

FIELD OF THE INVENTION

[0002] This invention relates riser assemblies for use in offshore drilling operations. In

particular, this invention relates to flanged connections between riser assemblies.

BACKGROUND

[0003] Flanged connections have a wide variety of industrial uses including
connecting structural members that will be subjected to critical external loads and in sealing
high pressure vessels. The flanges used in such applications must be maintained in face-to-
face contact to ensure proper operation. This face-to-face contact is maintained by the
plurality of fasteners that are tightened to a high percentage of their yield strength. It is well
known in the art that such flanges bend in an axial or meridional direction during this
tightening procedure. This meridional bending is transmitted to the fasteners, contributes
significantly to the stress in the fasteners, and reduces the amount of tightening to which the
fasteners can be safely subjected. As a consequence, the bending reduces the face-to-face
contact between the flanges and therefore also the load to which the flanged connections can
be subjected.

[0004] Flanged connections play a particularly significant role in the oil and gas
industry where large diameter tubular members with flanged end connections, called “risers”
or “riser joints,” are used. These risers are used in offshore drilling and production operations
and extend from the wellhead at the ocean floor to a surface vessel. A drawback of
conventional flanged connections that is specific to risers is that flanged connections often
dictate the manner in which risers are connected, commonly referred to as either “pin up” or
“box up.” Conventional flanges are designed to either be a bottom flange or a top flange, and
are designed to either connect risers in a pin up or a box up configuration, but not both. As a
consequence, this lack of robustness from conventional flanged connections hinders riser
connection innovation. Because flanged connections between adjacent riser joints must

contain internal pressure along with enormous external loads due to environmental
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conditions, it is critical that these flanged connections, and the fasteners holding them

together, function flawlessly and enable innovative riser connection designs.

SUMMARY

[0005] Riser assemblies and riser strings are disclosed. In one embodiment, a riser
assembly is disclosed comprising: a main tube; two flanges coupled to the main tube, each
flange comprising: a central lumen configured to be in fluid communication with the main
tube; at least one choke/kill hole configured to receive a choke/kill line; at least one booster
hole configured to receive a booster line; and a plurality of bolt holes, each bolt hole
comprising a tapered portion and a dowel slot, where each bolt hole is configured to receive a
nut, a bolt, and a dowel.

[0006] In another embodiment, the riser assembly further comprises a plurality of
bolts; a plurality of slick nuts equal in number to the plurality of bolts, where each nut
comprises: a cylindrical section comprising an outer surface; a tapered section; and a
shoulder between the cylindrical section and the tapered section; where each nut further
comprises a slot in the outer surface; and a plurality of dowels equal in number to the
plurality of nuts.

[0007] In some embodiments, the riser assembly further comprises: a plurality of
threaded nuts equal in number to the plurality of bolts, where each nut comprises: a
cylindrical section comprising an outer surface; a tapered section; and a shoulder between
the cylindrical section and the tapered section; where each nut further comprises a slot in the
outer surface; and a plurality of dowels equal in number to the plurality of nuts.

[0008] In specific embodiments, the riser assembly comprises six bolts or six nuts.
[0009] In some embodiments, the riser assembly comprises a choke/kill line coupled to
cach flange such that the choke/kill line is received in a choke/kill hole of each flange. In
other embodiments, the riser assembly comprises a booster line coupled to each flange such
that the booster line is received in a booster hole of each flange.

[0010] In some specific embodiments, the riser assembly further comprises a bracket
configured to support at least one choke/kill line and at least one booster line; at least one
choke/kill line supported by the bracket and coupled to each flange such that the choke/kill
line is received in a choke/kill hole of each flange; and at least one booster line supported by
the bracket and coupled to each flange such that the booster line is received in a booster hole

of each flange.
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[0011] In another embodiment, a riser string is disclosed comprising: a first riser
assembly comprising: a first main tube; a first flange coupled to the first main tube, the first
flange comprising: a central lumen configured to be in fluid communication with the main
tube; at least one first choke/kill hole configured to receive a first choke/kill line; at least one
first booster hole configured to receive a first booster line; and a plurality of first bolt holes,
each first bolt hole comprising a tapered portion and a dowel slot, where each first bolt hole is
configured to receive a nut, a bolt, and a dowel; a plurality of bolts, each bolt disposed in a
first bolt hole; a plurality of slick nuts equal in number to the plurality of bolts, each slick nut
disposed in a first bolt hole; a plurality of dowels equal in number to the plurality of slick
nuts, each dowel disposed in a first bolt hole with a slick nut; a second riser assembly
comprising: a second main tube; a second flange coupled to the second main tube, the second
flange comprising: a central lumen configured to be in fluid communication with the second
main tube; at least one second choke/kill hole configured to receive a choke/kill line; at least
one second booster hole configured to receive a booster line; a plurality of second bolt holes,
each second bolt hole comprising a tapered portion and a dowel slot, where each second bolt
hole is configured to receive a nut, a bolt, and a dowel; a plurality of threaded nuts equal in
number to the plurality of bolts, each threaded nut disposed in a second bolt hole; and a
plurality of dowels equal in number to the plurality of threaded nuts, each dowel disposed in
a second bolt hole with a threaded nut; where the first riser assembly is coupled to the second
riser assembly via the plurality of bolts such that each bolt is received in a slick nut and is
coupled to a threaded nut.

[0012] In specific embodiments, the riser string comprises a first bracket coupled to
the first riser assembly and a second bracket coupled to the second riser assembly, where
each bracket is configured to support at least one choke/kill line and at least one booster line;
at least one choke/kill line supported by each bracket and coupled to each flange such that the
choke/kill line is received in a choke/kill hole of each flange; and at least one booster line
supported by each bracket and coupled to each flange such that the booster line is received in
a booster hole of each flange.

[0013] The term “coupled” is defined as connected, although not necessarily directly,
and not necessarily mechanically.

[0014] The terms “a” and “an” are defined as one or more unless this disclosure
explicitly requires otherwise.

[0015] The term “substantially” is defined as being largely but not necessarily wholly

what is specified (and include wholly what is specified) as understood by one of ordinary
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skill in the art. In any disclosed embodiment, the term “substantially” may be substituted with
“within [a percentage] of” what is specified, where the percentage includes .1, 1, 5, and 10
percent.

[0016] The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has” and “having”), “include” (and
any form of include, such as “includes” and “including”) and “contain” (and any form of
contain, such as “contains” and “containing”) are open-ended linking verbs. As a result, a
container assembly or composition that “comprises,” “has,” “includes” or “contains” one or
more elements possesses those one or more elements, but is not limited to possessing only
those one or more elements. Likewise, an element of a system or composition that
“comprises,” “has,” “includes” or “contains” one or more features possesses those one or
more features, but is not limited to possessing only those one or more features.

[0017] Furthermore, a structure or composition that is configured in a certain way is
configured in at least that way, but may also be configured in ways that are not listed. Metric
units may be derived from the English units provided by applying a conversion and rounding
to the nearest millimeter.

[0018] The feature or features of one embodiment may be applied to other
embodiments, even though not described or illustrated, unless expressly prohibited by this
disclosure or the nature of the embodiments.

[0019] Any embodiment of any of the disclosed container assemblies and
compositions can  consist of or  consist  essentially = of-—rather  than
comprise/include/contain/have—any of the described elements and/or features and/or steps.
Thus, in any of the claims, the term “consisting of” or “consisting essentially of” can be
substituted for any of the open-ended linking verbs recited above, in order to change the
scope of a given claim from what it would otherwise be using the open-ended linking verb.

[0020] Details associated with the embodiments described above and others are

presented below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The following drawings illustrate by way of example and not limitation. For the
sake of brevity and clarity, every feature of a given structure may not be labeled in every
figure in which that structure appears. Identical reference numbers do not necessarily indicate
an identical structure. Rather, the same reference number may be used to indicate a similar

feature or a feature with similar functionality, as may non-identical reference numbers.
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[0022] Unless otherwise noted, the figures are drawn to scale, meaning that the sizes
of the depicted items are accurate relative to each other for at least the embodiments depicted

in the figures.

[0023] FIG. 1 is a perspective view of an embodiment of a riser assembly.
[0024] FIG. 2 is an exploded perspective view of the riser assembly of FIG. 1.
[0025] FIG. 3 is a side view of the components of the riser assembly of FIG. 1
[0026] FIG. 4 is an end view of an embodiment of a flange.
[0027] FIG. 5 is a side-section view of two flanges joined to each other.
[0028] FIG. 6 is a side view of an embodiment of a bolt.
[0029] FIG. 7 is a bottom view of an embodiment of a nut.
[0030] FIG. 8 is a sectional view of the nut of FIG. 7.
[0031] FIG. 9 is a detail view of a slot on the nut of FIG. 7.

DETAILED DESCRIPTION
[0032] Various features and advantageous details are explained more fully with

reference to the non-limiting embodiments that are illustrated in the accompanying drawings
and detailed in the following description. It should be understood, however, that the detailed
description and the specific examples, while indicating embodiments of the invention, are
given by way of illustration only, and not by way of limitation. Various substitutions,
modifications, additions, and/or rearrangements will become apparent to those of ordinary
skill in the art from this disclosure.

[0033] In the following description, numerous specific details are provided to provide
a thorough understanding of the disclosed embodiments. One of ordinary skill in the relevant
art will recognize, however, that the invention may be practiced without one or more of the
specific details, or with other methods, components, materials, and so forth. In other
instances, well-known structures, materials, or operations are not shown or described in detail
to avoid obscuring aspects of the invention.

[0034] FIGS. 1-3 depict an embodiment of a riser assembly 10, which is one example
of the present riser assemblies. In the present embodiments, riser assembly 10 comprises a
main tube 18 coupled to two flanges 20. Riser assembly 10 comprises a bracket 26
configured to support at least one line coupled to the two flanges. In various embodiments,
lines may comprise booster lines 22 (which may be hydraulic lines in certain embodiments)

and choke/kill lines 23.
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[0035] In the illustrated embodiment, riser assembly 10 comprises two booster lines 22
and two choke/kill lines 23, and bracket 26 is configured to support four lines. Other
embodiments of riser assembly 10 may be configured to support five or six lines, such as four
booster lines 22 and two choke/kill lines 23,

[0036] In the illustrated embodiment, riser assembly 10 comprises six bolts 30
configured to be coupled to a flange 20.

[0037] FIG. 4 is an end view of a flange 20. The flanges 20 in the illustrated
embodiment are substantially identical to one another.

[0038] Each flange 20 in the present riser assembly 10 comprises six bolt holes 230,
four booster holes 222, and two choke/kill holes 223. Each booster hole 222 is configured to
receive a booster line 22. Likewise, each choke/kill hole is configured to receive a choke/kill
line 23. central lumen 218 is configured to be in fluid communication with main tube 18.
Each bolt hole 230 is configured to receive a bolt 30.

[0039] Each bolt hole 230 is about 60° apart from the nearest bolt hole 230 in the
illustrated embodiment. Choke/kill holes 223 are about 180° apart in the illustrated
embodiment. Booster holes 222 are about 60° apart from each other and about 60° apart from
the nearest choke/kill hole 223.

[0040] As shown in FIGS. 3 and 4, each flange 20 has a raised inner face 25 and an
offset outer face 27. Bolt holes 230, choke/kill holes 223, and booster holes 222 are
substantially centered on the edge 25E where raised inner face 25 and offset outer face 23
meet.

[0041] Each flange 20 also has an elliptically tapered neck 21. In the embodiment
shown, tapered neck 21 is tapered in a 2:1 ratio of long axis to short axis.

[0042] The raised face and the elliptically tapered neck operate to reduce bending
forces on the bolts when two flanges are coupled together.

[0043] FIG. 5 is a side sectional view of two flanges joined to each other with a bolt,
as when riser assemblies are coupled in a riser string.

[0044] As shown in FIG. 5 with further reference to FIGS. 6-9, first flange 20a is
coupled to second flange 20b. In the illustrated embodiment, first flange 20a is in the “pin
up” or “male” configuration, where bolts 30 are coupled to bolt holes 230a of flange 20a such
that the bolts extend beyond the base of flange 20a and are configured to be received by
second flange 20b. Second flange 20b is in the “box up” or “female” configuration, where no
bolts are inserted into bolt holes 230b such that flange 20b is configured to receive the bolts

30 coupled to flange 20a.
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[0045] As shown in FIG. 6, each bolt 30 comprises a shoulder portion 31 and a
threaded portion 33. Shoulder portion 31 of bolt 30 is configured to limit travel of bolt 30
relative to nut 40 (and specifically the top 45 of nut 40).

[0046] As shown in FIGS. 7-9, each nut 40 comprises a top 45, a substantially
cylindrical segment 43, a tapered segment 41, and a shoulder 47 between cylindrical segment
43 and tapered segment 41, and a bottom 42. Each nut has two auxiliary bolt holes 46 that
extend through the cylindrical segment 43. In the illustrated embodiment, auxiliary bolt holes
46 are countersunk. Auxiliary bolt holes 46 on each nut are configured to be aligned with
auxiliary bolt holes on a flange 20 and are further configured to receive a bolt or a screw in
some embodiments. The embodiment of nut 40 shown in FIG. 8 comprises internal threads
48 (that is, the nut is a threaded nut). In embodiments where the nut is a slick nut, there are no
internal threads.

[0047] Further, each nut 40 has a slot 44 configured to receive an anti-rotation dowel.
As shown in FIGS. 7 and 9, slot 44 is formed on outer surface 49 of cylindrical segment 43.
Slot 44 is configured to receive an anti-rotation dowel configured to prevent nut 40 from
rotating. Slot 44 extends from shoulder 47 toward top 45 but does not extend through the
thickness of cylindrical segment 43 (that is, the length of the slot 44 is less than the thickness
of the cylindrical segment 43).

[0048] In addition, nut 40 may be a slick nut (that is, the nut does not comprise any
internal threads) or a threaded nut (i.e., at least a portion of the nut comprises internal
threads).

[0049] Returning to FI1G. 5, first nut 40a is shown inserted into bolt hole 230a and
second nut 40b is shown inserted into second bolt hole 230b. As shown, first nut 40a is a
slick nut and second nut 40b is a threaded nut.

[0050] Bolt hole 230a comprises a tapered portion 235a configured to receive the
tapered segment 4la of nut 40a. Bolt hole 230a further comprises a dowel slot 244a
configured to receive an anti-rotation dowel 64a.

[0051] Bolt hole 230b comprises a tapered portion 235b configured to receive the
tapered segment 41b of nut 40b. Bolt hole 230b further comprises a dowel slot 244b
configured to receive an anti-rotation dowel 64b. Each anti-rotation dowel is configured to
secure its respective nut in place and prevent it from rotating.

[0052] In the embodiments discussed above, the nuts are configured to be replaceable

when they wear out.
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[0053] One of skill in the art would recognize that in alternative embodiments, second
flange 22b could be configured to comprise the bolts 30 (i.e., be configured to be pin up)
while first flange 22a could be configured to receive the bolts 30 (i.e., be configured to be
box up).

[0054] Thus, embodiments of a drilling riser assembly that is convertible between a
pin up and box up configuration are disclosed.

[0055] Further, seal sub 50 is shown coupled to first flange 20a via a bolt 52 coupled
to flange 20a as well as to a seal sub retaining tab 54. Seal sub retaining tab 54 is located in a
slot 56 of seal sub 50. In addition, first booster line 22a is shown coupled to second booster
line 22b.

[0056] Multiple flanges of multiple riser assemblies may be coupled to one another as
disclosed above to form a riser string. In a riser string, like elements are typically configured
to be in fluid communication with one another. For example, choke/kill lines, booster lines,
and the main lines are configured to be in fluid communication along the length of the riser
string.

[0057] The above specification and examples provide a complete description of the
structure and use of an exemplary embodiment. Although certain embodiments have been
described above with a certain degree of particularity, or with reference to one or more
individual embodiments, those skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the scope of this invention. As such, the
illustrative embodiment of the present devices is not intended to be limited to the particular
forms disclosed. Rather, they include all modifications and alternatives falling within the
scope of the claims, and embodiments other than the one shown may include some or all of
the features of the depicted embodiment. For example, components may be combined as a
unitary structure and/or connections may be substituted. As another example, one of ordinary
skill in the art would understand that, in alternate embodiments, cookies 40 may instead be
chocolates. Further, where appropriate, aspects of any of the examples described above may
be combined with aspects of any of the other examples described to form further examples
having comparable or different properties and addressing the same or different problems.
Similarly, it will be understood that the benefits and advantages described above may relate
to one embodiment or may relate to several embodiments.

[0058] The claims are not to be interpreted as including means-plus- or step-plus-
function limitations, unless such a limitation is explicitly recited in a given claim using the

phrase(s) “means for” or “step for,” respectively.
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CLAIMS

A riser assembly comprising:
a main tube;
two flanges coupled to the main tube, each flange comprising:
a raised inner face;
an offset outer face adjacent to the raised inner face and forming an edge
between the raised inner face and the offset outer face;
a central lumen configured to be in fluid communication with the main tube;
at least one choke/kill hole configured to receive a choke/kill line;
at least one booster hole configured to receive a booster line; and
a plurality of bolt holes, each bolt hole comprising a tapered portion and a
dowel slot, where each bolt hole is configured to receive a nut, a bolt,
and a dowel;
where the holes are substantially centered on the edge between the raised inner

face and the offset outer face.

The riser assembly of claim 1, further comprising:
a plurality of bolts;
a plurality of slick nuts equal in number to the plurality of bolts, where each nut
comprises:
a cylindrical section comprising an outer surface;
a tapered section; and
a shoulder between the cylindrical section and the tapered section;
where each nut further comprises a slot in the outer surface; and

a plurality of dowels equal in number to the plurality of nuts.

The riser assembly of claim 2, comprising six bolts.

The riser assembly of claim 1, further comprising:

a plurality of threaded nuts equal in number to the plurality of bolts, where each nut
comprises:
a cylindrical section comprising an outer surface;

a tapered section; and



a shoulder between the cylindrical section and the tapered section;
where each nut further comprises a slot in the outer surface; and

a plurality of dowels equal in number to the plurality of nuts.

5. The riser assembly of claim 4, comprising six nuts.

6. The riser assembly of claim 1, further comprising a choke/kill line coupled to each

flange such that the choke/kill line is received in a choke/kill hole of each flange.

7. The riser assembly of claim 1, further comprising a booster line coupled to each

flange such that the booster line is received in a booster hole of each flange.

8. The riser assembly of claim 1, further comprising:
a bracket configured to support at least one choke/kill line and at least one booster
line;
at least one choke/kill line supported by the bracket and coupled to each flange such
that the choke/kill line is received in a choke/kill hole of each flange; and
at least one booster line supported by the bracket and coupled to each flange such that

the booster line is received in a booster hole of each flange.

9. A riser string comprising:
a first riser assembly comprising:
a first main tube;
a first flange coupled to the first main tube, the first flange comprising:

a first raised inner face;

a first offset outer face adjacent to the first raised inner face and
forming a first edge between the first raised inner face and the
first offset outer face;

a central lumen configured to be in fluid communication with the main
tube;

at least one first choke/kill hole configured to receive a first choke/kill
line;

at least one first booster hole configured to receive a first booster line;

and
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a plurality of first bolt holes, each first bolt hole comprising a tapered
portion and a dowel slot, where each first bolt hole is
configured to receive a nut, a bolt, and a dowel;

a plurality of bolts, each bolt disposed in a first bolt hole;

a plurality of slick nuts equal in number to the plurality of bolts, each
slick nut disposed in a first bolt hole;

a plurality of dowels equal in number to the plurality of slick nuts, each
dowel disposed in a first bolt hole with a slick nut;

where the holes are substantially centered on the first edge between the

first raised inner face and the first offset outer face;

a second riser assembly comprising:

a second main tube;

a second flange coupled to the second main tube, the second flange

comprising:

a second raised inner face;

a second offset outer face adjacent to the second raised inner face and
forming a second edge between the second raised inner face
and the second offset outer face;

a central lumen configured to be in fluid communication with the
second main tube;

at least one second choke/kill hole configured to receive a choke/kill
line;

at least one second booster hole configured to receive a booster line;

a plurality of second bolt holes, each second bolt hole comprising a
tapered portion and a dowel slot, where each second bolt hole is
configured to receive a nut, a bolt, and a dowel;

a plurality of threaded nuts equal in number to the plurality of bolts,
each threaded nut disposed in a second bolt hole; and

a plurality of dowels equal in number to the plurality of threaded nuts,
each dowel disposed in a second bolt hole with a threaded nut;

where the holes are substantially centered on the second edge between

the second raised inner face and the second offset outer face;

where the first riser assembly is coupled to the second riser assembly via the plurality

of bolts such that each bolt is received in a slick nut and is coupled to a
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threaded nut, and the first inner face contacts the second inner face.
10. The riser string of claim 9, further comprising six bolts.

11. The riser string of claim 9, further comprising a choke/kill line coupled to a first

choke/kill hole and a second choke/kill hole.

12. The riser string of claim 9, further comprising a booster line coupled to a first booster

hole and a second booster hole.

13. The riser assembly of claim 9, further comprising:

a first bracket coupled to the first riser assembly and a second bracket coupled to the
second riser assembly, where each bracket is configured to support at least one
choke/kill line and at least one booster line;

at least one choke/kill line supported by each bracket and coupled to each flange such
that the choke/kill line is received in a choke/kill hole of each flange; and

at least one booster line supported by each bracket and coupled to each flange such

that the booster line is received in a booster hole of each flange.
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