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(57) Abrégée/Abstract:
A lightweight catenary system for deepsea operations in which a lightweight flexible pipe such as disclosed in U.S. Patent No.
6,491,779 Is suspended In seawater from a vessel or platform, and having a positive or nearly positive buoyancy, and which Is

stabilized by disposing weight in proximity to or attached to the lower portion of the pipe at or near the seabed, whereby the weight
and costs of supporting heavy pipe In offshore operations is reduced or eliminated.
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(57) Abstract: A lightweight catenary system for deepsea operations in which a lightweight flexible pipe such as disclosed in U.S.
Patent No. 6,491,779 is suspended in seawater from a vessel or platform, and having a positive or nearly positive buoyancy, and
which is stabilized by disposing weight in proximity to or attached to the lower portion of the pipe at or near the seabed, whereby
the weight and costs of supporting heavy pipe in offshore operations is reduced or eliminated.
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TITLE: LIGHTWEIGHT CATENARY SYSTEM

TECHNICAL FIELD

The field of the invention is lightweight tlexible pipe catenary systems
for deep sea installations.

BACKGROUND

US Patent Number 6,491,779B1 discloses a flexible pipe made of
lightweight composite materials for subsea use. Prior to the invention of said
Patent 6,491,779B1, 1t was generally known that relatively heavy pipe, usually
steel, for subsea use formed a catenary when disposed in seawater from a vessel
on the waters surface to the seabed. Such prior systems require the users to
provide expensive equipment at the surface or elsewhere to offset the large
weight of the steel pipe. In spite of the cost of supporting the weight of the pipe
in seawater in the past, the industry has continued to use such heavy pipe with
the problems resulting from the weight of the pipe.

Also, prior art flexible non-metallic hoses for use in water depths which
are greater than about one-thousand feet could not have been used in this
invention, because they would have collapsed to a closed inoperative condition
by the seawater pressure at those depths.

DISCLOSURE OF THE INVENTION

With the present invention, using the lightweight flexible pipe, such as
disclosed in US Patent Number 6,491,779, the catenaries formed when the pipe
1s submerged from a vessel or platform have a positive Buoyancy, or a
substantially reduced weight, compared to the prior art, which significantly
reduces the cost for supporting the pipe when suspended in subsea uses.

Thus, with the lightweight catenary system of this invention a flexible
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pipe with an upward buoyancy of the pipe when submerged in seawater, some
weight is applied to the lower portion of the flexible pipe in an amount which is
sufficient to provide resistance to the floatation of the flexible pipe, which
thereby stabilizes the pipe in such catenary configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s an elevation schematically showing a vessel floating in seawater
with a first heavy pipe of steel or the like on the right of Fig. 1 suspended by the
vessel or other support from the seawater’s surface and forming a conventional
catenary as it extends to a position on the seabed, and also for comparison, a
lightweight pipe of this invention is shown on the left which is either buoyant or
nearly buoyant when suspended in the same manner from the vessel or other
support;

Fig. 2 1s an elevation schematically showing the catenary configuration of
the lightweight pipe to which some weight has been added to increase tension in
the catenary to maintain the catenary as the seawater depth changes and the pipe
1s picked up and laid down on the seabed; and

Fig. 3 1s a partial elevation of an alternate form of the lightweight pipe in
accordance with US Patent Number 6,491,779, and which has steel, lead or
heavy filler material laid in with the helically wound non-metallic strands to
provide weight to maintain the catenary configuration in the final position on
the seabed.

BEST MODE FOR CARRYING OUT THE INVENTION

In Fig. 1 of the drawings, a vessel or platform 10 is provided for
supporting a pipe 12 or 14 for “sweet” and “sour” service production, including,
export and injection services. Fluids transported include oil, gas, water and
injection chemicals. The pipe 12 is a conventional pii:)e or umbilical made of
steel and 1S non-buoyant. The ottshore industry has spent millions of dollars to
provide buoyancy to such conventional pipe because every unit of weight

suspended 1n water requires buoyancy from a floating system, which in turn
dictates the size and cost of the systems.
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As also shown in Fig. 1, the pipe 14 1s a lightweight tlexible pipe which is
entirely non-metallic or substantially non-metallic, and is buoyant when
suspended as a catenary in seawater from the seawater surface S supported from
a vessel or platform 10. Thus, as shown Fig. 1, the lightweight pipe tends to be

“unstable when affected by water currents or other forces usually 1n lateral

directions. However, the buoyancy of the lightweight pipe when stabilized by
adding weight has a major advantage of reducing or even eliminating the
problems and costs of suspending heavy pipe in seawater for offshore
operations.

Tubular composite non-metallic pipe has been disclosed per se in US
Patent Numbers 5,261,462 and 5,435,867, but so far as known, such pipe has
not been made in long lengths prior to the invention disclosed in US Patent
Number 6,491,779 invented by Michael J. Bryant, where the flexible pipe is
suspended from a vessel or platform to and along a seabed in a catenary
configuration. Therefore, although the pipe disclosed by Donald H. Wolfe in the
patents 1dentified above may be considered “light\Neight”, it did not solve the
problems of this invention. The flexible composite pipe of US Patent Number
6,491,779 invented by Michael J. Bryant and as used in this invention has
solved the problem of the costs of supporting long lengths of pipe used in such
catenary configurations for offshore operations. The term “lightweight pipe” as
used herein means pipe made from composite, substantially non-metallic
materials and 1n lengths which are long enough for deep subsea operations in
which the pipe forms a catenary from the sea water surface to the seabed. This
invention is especially suitable for use at deepwater depths of more than one-
thousand feet.

When a lightweight pipe such as disclosed in US Patent Number
6,491,779 1s suspended 1n a catenary configuration from the seawater’s surface
S, the pipe 1s normally lighter than the seawater when it transports gas and, in
such case, which can be determined, for both the static and dynamic modes with
known software, the pipe would float in an upward direction as schematically
tHlustrated by pipe 14 in Fig. 1. If lightweight pipe is heavier than the seawater it
will hang 1n a downward curve such as illustrated by the pipe 12 in Fig. 1.
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To better stabilize the lightweight pipe in dynamic situations where sea
currents and other forces act on the pipe, tension is created in the lightweight

catenary by applying some weight to the pipe in proximity to the lower end of
the pipe catenary.

Weight may be added to the lightweight pipe to the extent determined to
maintain it in a stable catenary configuration. For example, one or more weights

16 maybe distributed together or separately along the lower part of the pipe 20,
near the portion of the pipe resting on the seabed, and/or preferably just above
the seabed B. The weights are attached to the pipe 20 and then the pipe is
lowered into the seawater W from the seawaters surface S to extend along the
seabed B to terminals or other submerged equipment (not shown). Tension is

created in the pipe 20 to achieve the catenary configuration such as shown in
Fig. 2 of the drawings to stabilize the pipe during use in the seawater S.

Fig. 3 shows a portion of a lightweight pipe made in accordance with US
Patent Number 6,491,779, which is essentially made of composite non-metallic
components such as a tubular conductor 30, pressure and collapse reinforcements

32, a membrane extrusion 33, tensile reinforcements 34, and an outer jacket 36. To

provide the weight for overcoming all or some of the tendency of the lightweight pipe
to be buoyed upwardly or moved upwardly by currents 50 or other forces, steel, lead
or heavy material 40 may be wires laid or formed helically with non-metallic strands

34 in the manufacturing process.

The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and the various changes in the details of the

llustrated apparatus and construction and method of manufacture may be made
without departing from the spirit of the invention.
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AMENDED CLAIMS

[ Received by the International Bureau on 07 December 2005 (07.12.05);
Originals claims 1-8 replaced by new claims 1-10 (02 pages)]

1. A lightweight catenary system comprising:

a. a lightweight flexible pipe which has an upward or nearly upward

buoyancy when submerged in seawater forming a catenary configuration
which hangs under tension in a downward curve in proximity to the

seabed to the area at or near the upper seawater surface; and

b. some weight attached in proximity to the lower portion of the pipe, with
the amount of weight being sufficient to provide resistance to floatation of
the flexible pipe and with tension on the pipe to stabilize and maintain the
catenary configuration from displacement caused by lateral and other

forces 1n the subsea.

2. The system of claim 1, wherein the lightweight flexible pipe is substantially

entirely non-metallic.

3. The system of claim 1, wherein the weight 1s distributed along the lower portion

of the pipe in proximity to the seabed.

4. The system of claim 1, wherein the weight 1s a metal wire laid in a helical wrap

adjacent non metallic strands.

5. A system for maintaining a flexible pipe in a substantially stable catenary

configuration when suspended in seawater, comprising:

(a) suspending a flexible pipe having a positive or nearly positive buoyancy when
disposed as in a catenary configuration which hangs in tension in a downward curve in
proximity to seawater from at or near the seabed to the area at or near the upper seawater

surface; and

(b) applying weight in proximity to the lower end of said catenary to provide

sufficient resistance to floatation of the pipe to stabilize the catenary;

7
AMENDED SHEET (ARTICLE 19)
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and (c) maintaining the tension on the pipe to stabilize and maintain the catenary

configuration from displacement by lateral and other forces in the subsea.

6. The system of claim 5, wherein the lightweight flexible pipe 1s substantially

entirely non-metallic.

7. The system of claim 5, wherein the weight is distributed along the lower portion

of the pipe in proximity to the seabed.

8. The system of claim 5, wherein the weight is a metal wire laid in a helical wrap

adjacent nonmetallic strands.
9. A lightweight catenary system comprising;

(a) alightweight flexible pipe which has an upward or nearly upward

buoyancy when submerged in seawater in a catenary configuration;

(b) some weight attached in proximity to the lower portion of the pipe, with
the amount of weight being sufficient to provide resistance to floatation of

the flexible pipe to stabilize the catenary configuration;

(c) wherein the weight is a metal wire laid in a helical wrap adjacent non

metallic strands.

10. A system for maintaining a flexible pipe in a substantially stable catenary

configuration when suspended in seawater, comprising;

(a) suspending a flexible pipe having a positive or nearly positive buoyancy when

disposed as a catenary 1n seawater,

(b) applying weight in proximity to the lower end of said catenary to provide

sufficient resistance to floatation of the pipe to stabilize the catenary;

(c) wherein the weight is a metal wire laid in a helical wrap adjacent nonmetallic

strands.

8
AMENDED SHEET (ARTICLE 19)
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