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Riser System

Background
[0001] Drilling operations for the recovery of offshore deposits of crude oil
and natural gas are taking place in deeper and deeper waters. Drilling
operations in deeper waters are typically carried out from floating vessels
rather than from stationary platforms resting on the ocean floor and commonly
used in shallow water. According to conventional procedures, a drilling vessel
is dynamically stationed, or moored, above a well site on the ocean floor. After
a wellhead has been established, a blowout preventer (BOP) stack is mounted
on the wellhead to control the pressure at the surface.
[0002] Subsea well boreholes are typically drilled with multiple sections
having decreasing diameters as the wellbore extends deeper into the earth. Each
borehole is cased with a casing string that extends into the borehole from a
wellhead and is cemented within the borehole. The drilling, casing installation,
and cementing are performed through one or more risers that extend from the
wellhead to the surface, such as to a floating drilling vessel.
[0003] A riser pipe extends from the floating vessel to the wellhead
equipment on the ocean floor to conduct downhole operations. The riser is
attached to the wellhead equipment and is supported in tension at or near the
water surface. In drilling the borehole for the well, a drill string is passed from
the floating vessel down through the riser and wellhead equipment and into the
borehole.
[0004] The floating drilling vessel applies tension at the top of the riser to
support the weight of the riser and the drilling fluid in the riser. This
necessitates that the riser have sufficient strength to handle the tension thereby
requiring that the thickness of the wall of the riser be increased which in turn
increases the weight of the riser. The more weight that is required, the greater
the tension that is required.
[0005] Drilling mud is circulated down through the drill string and returned to

the vessel through the annulus formed between the riser and the drill pipe. It is
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necessary for the riser, extending several thousand feet, to handle the pressure
of all of the drilling mud needed for drilling the borehole sections. The
difference in density between the drilling mud and sea water causes the fluid
column in the riser to create a large pressure differential that must be contained
within the riser. The column of drilling mud can be approximately twice as
heavy as sea water such that for every foot of depth, there is about one-half psi
of mud gradient weight so that at a depth of 10,000 feet, there could be 5,000
psi inside the riser relative to the sea water around the riser.

[0006] The drilling fluids in the riser also form a fluid column placing a
hydrostatic head on the well for well control purposes. Well control is
established by maintaining the density of the drilling fluid, and thus the
hydrostatic pressure exerted on the subsurface formations, at a level that is
sufficient to prevent the production fluids under pressure in the formation from
overcoming the hydrostatic head. If the hydrostatic head on the well is
insufficient, the pressurized gas and other formation fluids may exceed the
hydrostatic head leading to a blowout.

[0007] On the other hand, if the hydrostatic head is too great, the hydrostatic
head may force drilling fluids into the formation causing the loss of drilling
fluids into the formation or a reduction or loss in production. If too much
drilling fluid is lost into the formation and the level of drilling fluid drops in the
riser, the hydrostatic head can decrease below the pressure of the formation and
cause a blowout. Furthermore, the hydrostatic head may increase to an amount
so0 as to fracture the formation resulting in increased lost circulation.

[0008] According to conventional practice, various auxiliary fluid lines may
be coupled to the exterior of the riser tube. Exemplary auxiliary fluid lines
include choke, kill, booster, glycol, and hydraulic fluid lines. Choke and kill
lines typically extend from the drilling vessel to the wellhead to provide fluid
communication for well control and circulation. The choke line is in fluid
communication with the borehole at the wellhead and bypasses the riser to vent
gases or other formation fluids directly to the surface. A surface-mounted

choke valve is connected to the terminal end of the choke conduit line. The
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downhole back pressure can be maintained substantially in equilibrium with the
hydrostatic pressure of the column of drilling fluid in the riser annulus by
adjusting the discharge rate through the choke valve.

[0009] The kill line is primarily used to control the density of the drilling
mud. One method of controlling the density of the drilling mud is by the
injection of relatively lighter drilling fluid through the kill line into the bottom
of the riser to decrease the density of the drilling mud in the riser. On the other
hand, if it is desired to increase mud density, a heavier drilling mud is injected
through the kill line.

[0010] The booster line allows additional mud to be pumped to a desired
location so as to increase fluid velocity above that point and thereby improve
the conveyance of drill cuttings to the surface. The booster line can also be
used to modify the density of the mud in the annulus. By pumping lighter or
heavier mud through the booster line, the average mud density above the
booster connection point can be varied. While the auxiliary lines provide
pressure control means to supplement the hydrostatic control resulting from the
fluid column in the riser, the riser tube itself provides the primary fluid conduit
to the surface.

[0011] In some riser systems the auxiliary fluid lines cooperate with the riser

main tube to share the tensile forces applied to support the riser.

Summary
[0012] A riser system for coupling a surface platform to a wellhead is
disclosed herein. In one embodiment, a riser section includes a main tube,
flanges and one or more tie rods. The main tube forms an annulus for fluid flow
between the wellhead and the platform. A flange extends radially from each
end of the main tube. The tie rods are coupled to and extend between the
flanges.
[0013] In another embodiment, a drilling system for boring earthen
formations includes a drilling platform, a subsea wellhead, and a riser string

disposed between the drilling platform and the subsea wellhead. The riser
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string includes a plurality of riser sections. At least one of the riser sections
includes one or more ties rods coupled to and extending between flanges
radiating from each end of the riser section. The tie rods are configured to share

a tensile load applied to the riser section.

Brief Description of the Drawings
[0014] For a detailed description of exemplary embodiments of the invention,
reference will now be made to the accompanying drawings, which are not
necessarily drawn to scale, in which:
[0015] Figure 1 shows a drilling system including a tie rod enhanced riser
system in accordance with various embodiments;
[0016] Figure 2A shows a riser section including tie rods in accordance with
various embodiments;
[0017] Figure 2B shows an end view of the riser section including tie rods in
accordance with various embodiments; and
[0018] Figures 3A-3C show flange views of various exemplary tie rod

arrangements employed to enhance riser joint strength.

Notation and Nomenclature
[0019] Certain terms are used throughout the following description and claims
to refer to particular system components. As one skilled in the art will
appreciate, companies may refer to a component by different names. This
document does not intend to distinguish between components that differ in
name but not function. In the following discussion and in the claims, the terms
“including” and “comprising” are used in an open-ended fashion, and thus
should be interpreted to mean “including, but not limited to... .” Also, the term
“couple” or “couples” is intended to mean either an indirect or direct
connection. Thus, if a first device couples to a second device, that connection
may be through a direct connection, or through an indirect connection via other

devices and connections.
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Detailed Description
[0020] The following discussion is directed to various embodiments of the
invention. Although one or more of these embodiments may be preferred, the
embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. In addition, one skilled in the
art will understand that the following description has broad application, and the
discussion of any embodiment is meant only to be exemplary of that
embodiment, and not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.
[0021] The riser string extends from the blowout preventer (BOP) at the sea
floor to the drilling rig at the surface. The riser serves a number of important
functions. For example, the riser string provides: an annulus for flow of spent
drilling fluid, a structure to support auxiliary fluid lines, a guide to the well
bore for the drill bit and other tools, and a means to operate the BOP. The riser
string is supported by tension lines at the surface. The auxiliary fluid lines run
along the riser string between the surface and the blowout preventer. The
auxiliary fluid lines may bear at least a portion of the load to which the riser
string is subject when deployed in the subsea environment. For example, the
auxiliary fluid lines may bear a portion of the tensile load applied from the
surface to support the riser string. This arrangement advantageously distributes
the riser load bearing capacity across multiple structural elements of a riser
joint. However, since the auxiliary fluids lines differ in size and are not equally
spaced about the main tube, the load sharing riser string is weaker in the
direction of omitted and/or smaller auxiliary fluid lines. As with any columnar
loaded member, the overall strength of the riser is determined by the strength of
the riser in its weakest direction.
[0022] Embodiments of the riser string disclosed herein include a riser joint
having tie rods extending lengthwise along the riser joint. Tie rods are
structural support members extending between elements of an apparatus. In
embodiments of the riser joint disclosed herein, the tie rods may be applied to

strengthen the riser joint in its weakest direction, making the polar moment of
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inertia of the riser joint more uniform. Thereby making the entire riser string
capable of sustaining greater loads.

[0023] Figure 1 shows a drilling system 100 in accordance with various
embodiments. The drilling system 100 includes a drilling rig 102, a riser string
104, and a blowout preventer stack 106. The blowout preventer 106 is
connected to a wellhead housing 108 disposed on the ocean floor. The blowout
preventer stack 106 includes multiple blowout preventers 110 in a vertical
arrangement to control well bore pressure. The riser string 104 is coupled to the
upper end of blowout preventer stack 106. The riser string 104 includes
multiple riser sections or riser joints 112 connected end to end and extending
upward to the drilling rig 102.

[0024] Each riser joint 112 includes a main tube 114 and one or more tie rods
116 disposed along the main tube 114. Embodiments may also include one or
more auxiliary fluid lines 118. The tie rods 116 share the loads applied to the
riser joint 112 with the main tube 114 and, in some embodiments, with the
auxiliary fluid lines 118.

[0025] Figure 2A shows the riser section 112 including tie rods 116 in
accordance with various embodiments. The riser section 112 includes flanges
202 disposed at each end, with the main tube 114, auxiliary fluid lines 118, and
tie rods 116 extending between the flanges 202. Instances of the riser section
112 are connected end-to-end at the flanges by bolts, dogs, or other suitable
fasteners. Each end of the main tube 114 and the auxiliary fluid lines 118
sealingly mates with a corresponding end of a different instance of the riser
section 112 to form continuous fluid channels between the rig 102 and the
blowout preventer 106.

[0026] Embodiments of the riser section 112 include various numbers of
auxiliary fluid lines 118 and/or tie rods 116. The embodiment of Figure 6
includes five auxiliary fluid lines 118. Other embodiments may include fewer
or more auxiliary fluid lines 118. In some embodiments of the riser section
112, the auxiliary fluid lines 118 are secured to the flanges 202 and/or secured

to the main tube 114. Nuts 204 may be coupled to a threaded end of the
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auxiliary fluid line 118 to secure the auxiliary fluid line 118 to the flange 202,
and clamps 206 may secure the auxiliary fluid line 118 to the main tube 114.
Some embodiments of the riser section 112 employ other and/or different
fastening mechanisms to secure the auxiliary fluid lines 118 to the flange 202
and/or the main tube 114.

[0027] The auxiliary fluid lines 118 may share, with the main tube 114,
tensile and other forces applied to the riser section 112. However, the load
bearing capacity of the auxiliary fluid lines 118 of the riser section 112 may be
asymmetrical. For example, the riser section 112 includes five auxiliary fluid
lines that are unevenly spaced about the main tube 114. Le., no auxiliary fluid
line is provided at position 208 of the riser section 112 for load sharing,
causing asymmetry in load sharing by the auxiliary fluid lines 118.
Additionally, the auxiliary fluid lines 118 may be of different sizes and/or have
different load bearing capacities. For example, choke or kill lines may employ
larger and/or heaver tubing than other fluid lines, causing asymmetry in load
sharing by the auxiliary fluid lines 118.

[0028] The tie rods 116 are coupled to the flanges 202, and carry at least a
portion of the load applied to the rise section 112. The tie rods 116 may be
threaded to the flanges or secured thereto by other suitable attachment device
or technique. Various embodiments of the tie rods 116 may have square,
circular, or other suitable cross section. The riser section 112 includes 12 tie
rods 116 evenly spaced about the main tube 112. Other riser section
embodiments may include a different number of tie rods 116 with even or
uneven spacing.

[0029] In some embodiments of the riser section 112, the tie rods 116 may
sustain all or most of the tensile load applied to the riser section 112. Because
the tie rods 116 carry a portion of the tensile load applied to the riser section
112, the strength of the main tube 114 and/or the strength of the auxiliary tubes
118 may be reduced. For example, the wall thickness of the main tube 114
and/or the auxiliary fluid lines 118 may be reduced, potentially reducing the

weight of the riser section 112. Thus, embodiments of the riser section 112
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may, without loss of tensile strength, employ lighter and/or thinner tubes 114,
118 than conventional riser sections of equivalent strength that employ the
same tubing material as the riser section 112 but lack tie rods 116.

[0030] The materials flowing in the annulus formed by the main tube 114
may dictate the materials from which the main tube 114 is formed. For
example, to accommodate hydrogen sulfide in the fluid flowing through the
main tube 114, National Association of Corrosion Engineers standards may
limit the main tube 114 to an 80K material, which also limits the tensile
strength of the tube 114. Because the tie rods 116 are not exposed to the
drilling fluid within the annulus, the tie rods are not subject to the material
restrictions of the main tube 114, and may be formed of a higher tensile
strength material than the main tube 114.

[0031] In some embodiments of the riser section 112, the tie rods 116
compensate for asymmetrical load sharing among the auxiliary fluid lines 118,
producing in the riser section 112 having an omni-directional load bearing
profile. Asymmetrical load sharing among the auxiliary fluid lines 118 may
result, for example, from lack of an auxiliary fluid line 118 or from differing
strength of included auxiliary fluid lines 118. Embodiments of the riser section
112 compensating for lack of an auxiliary fluid line 118 may include a tie rod
116 only in circumferential areas of the riser section 112 where no load-sharing
auxiliary fluid line 118 is disposed. Embodiments of the riser section 112
compensating for differing strength among auxiliary fluid lines 118 include
stronger tie rods 116 positioned in association with lower strength auxiliary
fluid lines 118 and/or lower strength tie rods positioned in association with
higher strength auxiliary fluid lines 118. Tie rod strength may be based on rod
material, rod thickness, etc. Some embodiments of the riser section 112 may
include tie rods 116 compensating for both missing auxiliary fluid lines 118
and strength difference among auxiliary fluid lines 118.

[0032] Figure 2B shows an end view of the rise section 112 including tie rods
116 in accordance with various embodiments. The various auxiliary lines

disposed about the main tube 114 include a choke line 210, a kill line 212, a
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mud boost line 214, and hydraulic fluid lines 216, 218. The choke line 210 and
the kill line 212 may be 6.25”(0D)x4.25”(ID) pipes, the hydraulic fluid lines
316, 318 may be 3.63”x3” pipes, and the mud boost line 314 may be a 57x4”
pipe. Other pipe diameters may also be used. Bolt holes 220 are arranged about
the flange 202 for connecting the riser section 112 to a different riser section or
structure by bolts or other connecting device. Some embodiments of the flange
202 include lift lug hole 222 that can be used by lifting equipment to handle the
riser section 112.

[0033] Tie rod holes 224 are distributed about the flange 202 for attaching tie
rods 116 to the riser section 112. In some embodiments of the riser section 112,
a tie rod 116 is connected to the flange 202 at each hole 224. In other
embodiments of the riser section 112, tie rods 116 are connected to the flange
202 at some of the holes 224, while other of the holes 224 are empty. The
determination of whether to connect a tie rod 116 at a hole 224 may be based,
for example, on the load bearing capacity of the auxiliary lines near the tie rod
hole 224.

[0034] Figures 3A-3C show flange views of various exemplary tie rod
arrangements employed to enhance riser joint strength, and are intended to
illustrate configurations where tie rods are applied to advantage rather than to
illustrate all features of the flange end of a riser joint. Figure 3A shows a riser
joint 310 including a plurality of auxiliary fluid lines 118 that load share with
the main tube 114. In Figure 3A, the auxiliary fluid lines 118 are disposed on
opposite sides of the main tube 114. Tie rods 116 are disposed in
circumferential areas of the riser joint 310 that lack load sharing auxiliary fluid
lines. The tie rods 116 load share with the main tube 114, and compensate for
the lack of load sharing auxiliary fluid lines in the areas where the tie rods 116
are positioned. Other embodiments of riser joint may include a different
number and/or arrangement of auxiliary fluid lines 118 and tie rods 116
providing a symmetrical load profile.

[0035] Figure 3B shows a riser joint 312 including larger auxiliary fluid lines

118 and smaller auxiliary fluid lines 302. Each of the larger auxiliary fluid lines
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118 can bear a greater load than one of the smaller auxiliary fluid lines 302. Tie
rods 116 are interspersed between the auxiliary fluid lines 118, 302. In some
embodiments of the riser joint 312, the tie rods 116 bear most or substantially
all of the tensile load applied to the riser joint. In some embodiments, the tie
rods 116 may be preloaded, and/or the auxiliary fluid lines 118, 302 may be
configured for non-load sharing (e.g., not rigidly coupled to the flange 202).
[0036] Figure 3C shows a riser joint 316 including larger auxiliary fluid lines
118 and smaller auxiliary fluid lines 302. Each of the larger auxiliary fluid lines
118 can bear a greater load than one of the smaller auxiliary fluid lines 302. Tie
rods 116 are associated with each of the smaller auxiliary fluid lines 302, and
with circumferential areas of the riser joint 316 lacking load sharing auxiliary
fluid lines (e.g., the opening 306). The tie rods 116 are arranged to provide
symmetrical load sharing about the circumference of the riser joint 316.
Accordingly, embodiments of the tie rods 116 may be configured to bear a
greater or lesser load at different positions about the riser joint 316. For
example, because the area about the opening 306 lacks a load sharing auxiliary
fluid line, the tie rods 116 about the opening 306 may be configured to bear a
greater load than the tie rods 116 about the auxiliary fluid lines 302. The
combination of tie rods 116 and/or tie rods 116 and auxiliary fluid lines 302
may be configured to approximate the load bearing capacity of the larger
auxiliary fluid line 118. The load bearing capacity of each tie rod 116 may be
determined by the material, diameter, and/or manufacturing process associated
with the tie rod 116.

[0037] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. For example, the various features illustrated
and/or discussed with regard to riser sections 112, 310, 314, and 316 may be
combined and applied to a riser section embodiment and used with the drilling
system 100. It is intended that the following claims be interpreted to embrace

all such variations and modifications.
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Claims

What is claimed is:

1. A riser section for coupling a surface platform to a wellhead, the riser section comprising:

a main tube for fluid flow between the wellhead and the platform;

a flange extending radially from each end of the main tube;

tie rods coupled to and extending between the flanges to share a tensile load applied
to the riser section and transferred through the flanges;

an auxiliary fluid line extending between the flanges to share the tensile load applied
to the riser section; and

wherein the tie rods are disposed to counter an imbalance in tensile strength of the

riser section caused by at least one of size and arrangement of the auxiliary fluid line.

2. The riser section of claim 1, further comprising multiple auxiliary fluid lines extending
between the flanges, the auxiliary fluid lines configured to share the tensile load applied to

the riser section.

3. The riser section of claim 2, wherein the tie rods are disposed to counter an imbalance in
tensile strength of the riser section caused by at least one of size and arrangement of the
auxiliary fluid lines.

4. The riser section of claim 1, wherein the tie rods are threadingly coupled to the flanges.

5. The riser section of claim 1, wherein the tie rods are unevenly spaced about the

circumference of the main tube.

6. The riser section of claim 2, wherein the positions of the tie rods are based, at least in part,

on the positions of the auxiliary fluid lines.

7. The riser section of claim 1, wherein a circumferential wall of the main tube is thinner than

would be necessary to withstand a given load than without the tie rods.

8. The riser section of claim 1, wherein the tie rods are disposed to provide the riser section
11



with an omni-directional load bearing profile.

9. The riser section of claim 1, wherein the tie rods comprise material of higher tensile

strength than a material of the main tube.

10. The riser section of claim 2, wherein the tie rods differ in tensile strength, and tie rods of
higher tensile strength are disposed in areas of lower auxiliary fluid line tensile load sharing,
and tie rods of lower tensile strength are disposed in areas of higher auxiliary fluid line tensile

load sharing.

11. The riser section of claim 2, wherein tensile strength of the tie rods disposed in a
circumferential area around the main tube inversely corresponds to tensile load sharing

capability of the auxiliary fluid lines disposed in the circumferential area.

12. A drilling system for boring earthen formations using a drilling platform, the drilling
system comprising:
a subsea wellhead; and
a riser string disposed between the drilling platform and the subsea wellhead, the riser
string comprising a plurality of riser sections, at least one of the riser sections comprising:
a main tube for fluid flow between the subsea wellhead and the drilling
platform;
a flange extending radially from each end of the main tube;
tie rods coupled to and extending between the flanges to share a tensile load
applied to the riser section and transferred through the flanges;
an auxiliary fluid line extending between the flanges to share the tensile load
applied to the riser section; and
wherein the tie rods are disposed to counter an imbalance in tensile strength of
the riser section caused by at least one of size and arrangement of the auxiliary fluid

line.

13. The drilling system of claim 12, further comprising a blowout preventer coupled to the

riser and to the wellhead.

14. The drilling system of claim 12, wherein the riser section comprises multiple auxiliary
12



fluid lines extending between the flanges, the auxiliary fluid lines configured to share the
tensile load applied to support the riser string, and wherein the tie rods are disposed to
counter an asymmetry in tensile strength of the riser section caused by the auxiliary fluid

lines.

15. The drilling system of claim 14, wherein the positions of the tie rods are based, at least in

part, on the positions of the auxiliary fluid lines.

16. The drilling system of claim 14, wherein the tie rods differ from one another in tensile
strength, and tie rods of higher tensile strength are disposed in areas of lower auxiliary fluid
line tensile load sharing, and tie rods of lower tensile strength are disposed in areas of higher

auxiliary fluid line tensile load sharing.
17. The drilling system of claim 14, wherein tensile strength of the tie rods disposed in a

circumferential area of the riser section inversely corresponds to the tensile load sharing

capability of the auxiliary fluid lines disposed in the circumferential area.
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