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JACKETED PIPELINE SYSTEM WITH
PRESSURIZED GAS TO RESIST EXTERNAL
STRESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to pipeline systems particularly
designed for withstanding elevated external compres-
sive loads. More particularly, the invention relates to
pipeline systems capable of withstanding increased
stresses of the type resulting from use as oil or gas carri-
ers in a submarine environment or as a liquefied natural
gas carrier.

2. Description of the Prior Art

Cost, ease of installation, and resistance to internal
and external stresses are important factors in the design
of pipeline systems. Oil pipelines, gas pipelines, or espe-
cially liquefied natural gas (hereinafter referred to as
“LLNG™) pipeline systems and submarine pipeline sys-
tems, are particularly vulnerable to stresses as described
below, and each type of system must be designed to
withstand these stresses.

LNG is generally transported by pipe at temperatures
of —160° C. Insulation material is conventionally used
to maintain the low LNG temperature. Typically, the
insulation material is surrounded by an outer pipe jacket
made of material such as steel, plastic, or fiber rein-
forced plastic. The outer jacket serves to maintain the
integrity of the insulation material, such as by protect-
ing it from the ingress of water and water vapor, which
would increase the thermal conductivity of the insula-
tion. LNG pipelines are often placed in environments
where they are subjected to elevated external compres-
sive loads (for example, buried deep on the seafloor or
underground), increasing the risk of jacket failure. Once
the outer jacket has failed at one or more locations, the
risk of water or water vapor penetrating the insulation
is increased, resulting in an increase in the insulation’s
thermal conductivity and possible structural destruction
of the insulation. The insulation’s thermal conductivity
can then be further increased by ice formation. Ingress
of water or water vapor causes the outer jacket to be
further weakened because the radical change in jacket
temperature resulting from the increase in the insula-
tion’s thermal conductivity causes the lowering of
Jjacket temperature and contraction of the jacket. Struc-

tural destruction of the insulation material may result.’

As the jacket is weakened, the likelihood of outer jacket
failure, and the resulting ingress of water and water
vapor, increases. Ultimately, ice builds up in the insula-
tion, expanding to a volume where it destroys the outer
jacket, leaving the LNG-carrying pipe exposed to the
environment. An initial jacket failure can ultimately
result in complete failure of the pipe itself, and finally,
the escape of LNG into the environment.

For many applications, submarine pipeline systems
must be able to withstand high external hydrostatic
pressure since hydrostatic pressure increases at the rate
of 4 pound per square inch per foot [approximately 10
kiloPascal (kPA) per meter] of water depth. For this
reason, submarine pipeline systems conventionally are
reinforced with an outer pipe jacket. Still, outer jackets
are vulnerable to failure, especially when installed in
sections. Small buckles which occur during installation
can propagate along the jacket, causing collapse of the
Jjacket, if the external hydrostatic pressure is greater
than the initiation pressure (a function of the diameter to
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wall-thickness ratio and the jacket material grade). In
order to handle elevated external hydrostatic pressures,
conventional outer jackets are made of steel having
large wall thickness. These solutions have disadvan-
tages. Because conventional submarine pipelines typi-
cally have large diameters, increasing the density or
thickness of the jacket material adds significantly to the
cost and ease of installation of the system.

Jacketed pipelines for oil, gas and especially LNG
often employ expansion bellows to withstand the ther-
mal stress resulting from contrasting temperatures of
the inner pipe and the outer jacket. The bellows, usually
installed on the outer pipe jacket, do not totally prevent
leakage, and destruction of the insulation material is still
possible.

It is also conventional to use a denser insulation mate-
rial in a submarine pipeline system than would be used
for surface application, because more of the external
compressive load can be supported. However, increas-
ing the density of the insulation material results in an
increase in thermal conductivity. So, while a large com-
pressive load can be supported, the insulation will not
be as effective.

The previously discussed problems associated with
LNG pipelines are more severe for submarine LNG
pipeline systems. The high external hydrostatic com-
pressional load increases the risk that the outer jacket
will leak and that the insulation will be flooded. The
low temperature of the LNG carrying pipe aggravates
the situation. The thermal conductivity of the insulation
increases as water penetrates the outer jacket. As de-
scribed above, the pipeline system can be destroyed as a
result of ice formation inside the outer jacket.

It is an object of the present invention to provide an
improved pipeline system capable of withstanding ele-
vated external compressional loads, so that the risk of
damage resulting from outer jacket failure is minimized.

SUMMARY OF THE INVENTION

According to this invention, pressurized gas is used to
provide structural support to a pipeline system so that
the system can withstand elevated external compres-
sional loads, especially those present in submarine envi-
ronments.

In a preferred embodiment, the pipeline system of the
invention includes a pipe with insulation material encas-
ing the pipe. An outer pipe jacket surrounds the insula-
tion material, such that an annulus is provided between
the jacket and the insulation. This annulus is filled with
gas at a pressure greater than the external pressure ex-
pected to be exerted on the outer pipe jacket. The gas is
selected from those available which will not condense
at extremely low temperatures which also have suffi-
ciently low thermal conductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view of a
length of a pipeline having pressurized gas in an annulus
between its outer jacket and closed cell insulation mate-
rial to provide structural support to the pipeline, show-
ing a preferred embodiment of the invention.

FIG. 2 is a partial perspective, partial longitudinal
cross-sectional view of a length of pipeline that is at-
tached to means for the supply and maintenance of
pressurized gas.

FIG. 3 is a longitudinal cross-sectional view of a
length of pipeline having open cell insulation.
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FIG. 4 is a chart showing the pressure and water
depth at which selected gases, and combinations of
gases, condense.

FIG. 5 is a graph showing the thermal conductivity
of the gases shown in FIG. 4 at various temperatures.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The preferred embodiment may be understood with
reference to FIG. 1. FIG. 1 is a longitudinal cross-sec-
tional view of a length of pipe of the pipeline system of
the invention. Pipe 10 is encased by insulation material
12. Vapor barrier 14, preferably composed of an imper-
meable material, encases and adheres to insulation mate-
rial 12. Vapor barrier 14 keeps gas 16 from penetrating
insulation material 12. Quter pipe jacket 18 surrounds
vapor barrier 14 in such a manner that an annulus filled
with gas 16 is provided between outer jacket 18 and
vapor barrier 14. Vapor barrier 14 is centered in the
system by braces such as 15.

Gas 16 is introduced to the pipeline system from a
location on a ship or on shore. As discussed later in
greater detail, gas 16 may be entirely one type of gas or
a combination of gases. Preferably, the annulus will be
evacuated, followed by introduction of gas 16 into the
annulus at the desired pressure. For this technique of
filling the annulus to succeed, the outer jacket must be
able to structurally withstand external pressure while
the annulus is evacuated. If this is not possible, or is
deemed to be too high a risk, the annulus must be
purged of undesired gas by having both ends of the
pipeline open. Gas 16 is introduced into a first end to
displace undesired gas, which exits the system through
the second end. When all undesired gas has been dis-
placed from the annulus (so that the annulus contains
substantially only gas 16), the second end is sealed and
the pressure of gas 16 increased to the desired level.

FIG. 2 is a partial perspective, partial cross-sectional
view of the system used to supply gas to and regulate
the pressure of the pipeline system. Supply tank 26
contains gas 16. Pressure regulator 28, is used to read
the gas pressure in the annulus. If the pressure de-
creases, gas 16 will be directed into the annulus at en-
trance 32 at a level sufficient to maintain the desired
pressure. Gas flowmeter 30 will regulate the amount of
gas allowed to enter the annulus. Instrumentation panel
34 may be used to indicate the amount of gas needed to
maintain the desired pressure, allowing determination
of the severity of a leak. Supply tank 26 can be replen-
ished with gas 16 at gas resupply connector 36. Thus, it
can be decided if repair is needed.

Insulation material 12 must be capable of withstand-
ing the increased pressure from gas 16 surrounding it.
Insulation material 12 is accordingly selected so that it
has sufficient compressive strength to prevent its col-
lapse subjected to the pressure exerted by gas 16. Most
suitable insulation materials will have a high density,
since compressive strength increases proportionally
with density increases.

Open cell insulation material may be preferred in
some applications. An open cell insulation material
equalizes pressure distribution through the annuius
faster, lessening the risk of insulation collapse. Open cell
insulation is designed so that gas can flow through the
insulation’s cells and the pressure throughout the annu-
lus and insulation material is equalized. No discrete
annulus will be formed. In contrast, closed cell insula-
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tion is slower to equalize the pressure of the surround-
ing gases.

When closed cell insulation is used, it should be en-
capsulated by vapor barrier 14 to prevent the ingress or
egress of gas or water. Vapor barrier 14 helps to main-
tain the thermal conductivity of insulation material 12 at
a generally constant level.

Gas 16 should be carefully selected to optimize utility
for each particular application. For LNG applications,
gas 16 must not condense at the low temperatures at
which LNG is transported, yet it should add only mini-
mally to the thermal conductivity of the pipeline sys-
tem. FIG. 3 and FIG. 4 may be used to show how gas
16 can be selected for a particular application. FIG. 4 is
a chart showing pressure in pounds per square inch and
Pascals at which selected gases will condense at - 165°
C., which is the temperature at which LNG is typically
carried. The chart also shows the water depth in meters
at which these pressures are found. FIG. 5 shows the
thermal conductivities of the gases shown in FIG. 4
over a range of temperatures. Preferably, the gas or
combination of gases selected for a given measure has
the maximum molecular weight which is not subject to
condensation at that pressure. Condensation should be
prevented in order to maintain a constant gas pressure.
In addition, condensation in open cell insulation in-
creases the thermal conductivity of the material. If the
thermal conductivity increases, a substance such as
LNG will absorb heat from the surrounding insulation,
causing further condensation and weakening of the
insulation. Outer pipe jacket 18 may contract and
weaken as the cold LNG temperature is carried
through insulation material 12.

The molecular weight should be maximized since
thermal conductivity generally decreases with an in-
crease in molecular weight. The correlation between
thermal conductivity and molecular weight is detailed
by H. J. Huldy, “De involved van gas- en waterdamp-
doorlatendheid van isolatiematerialen op hun warmte-
isolerende eigenschappen” Plastica, Vol. 21, No. 9,
(1968), pp. 368-376. For the reasons discussed above, it
is important to minimize thermal conductivity.

By using FIGS. 4 and 5, it can be shown how a gas
can be selected for use in a pipeline to be installed at a
certain depth. At 300 feet (91.4 meters), the external
pressure on a pipeline will be 12.9 pounds per square
inch (0.896 Pa). Thus, gas 16 in the annulus must be
pressurized to a value larger than 129.9 psi (0.896 Pa).
By looking at FIG. 5, it can be seen that of the gases
shown, nitrogen, a helium and nitrogen mixture, and a
nitrogen and argon mixture can be used. A nitrogen and
argon mixture will have the lowest thermal conductiv-
ity, and is thus preferred. This mixture should have as
much argon as can be used without condensation.

It is not intended that the choice of gases used for gas
16 be limited to those shown in FIGS. 4 and 5. The gas
selected for gas 16 should be chemically inert with
respect to the pipeline, jacket, and insulation materials.

Thus, the present invention provides an improved
pipeline system capable of withstanding elevated exter-
nal pressure. In an insulated pipeline system embodying
the pressure. In an insulated pipeline system embodying
the invention, water or water vapor will be prevented
from penetrating the insulation and thus increasing its
thermal conductivity or destroying it mechanically.
Even if outer jacket 18 develops a leak, the elevated
pressure of gas 16 can keep water from penetrating the

" system until the leak can be repaired.
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While this invention is especially well suited for sub-
marine liquefied natural gas pipeline systems, and is
discussed with reference to such uses, the invention
may be embodied in pipeline systems to increase the
ability of such system to withstand elevated external
pressures. Other means and techniques can be employed
without departing from the scope of the invention de-
fined in the following claims.

I claim:

1. A pipeline system capable of withstanding an exter-
nal pressure, comprising:

a pipe;

an outer pipe jacket surrounding and spaced from

said pipe to define an annulus;

insulation material located in said annulus so as to

encase said pipe; and

a volume of gas which is chemically inert with re-

spect to said pipe, said pipe jacket, and said insula-
tion material located in said annulus at a pressure
greater than the external pressure on said jacket,
said gas selected so that it will not condense at its
pressure in the system while adding minimally to
the thermal conductivity of the system.

2. The pipeline system of claim 1 further comprising
a vapor barrier encasing and adhering to said insulation

15

20

25

30

35

45

50

55

65

6

material to prevent said volume of gas from penetrating
said insulation material and said pipe.

3. The pipeline system of claim 1 wherein said gas is
supplied and maintained in said annulus at a selected
pressure by a supply tank, a pressure regulator, and a
gas flowmeter.

4. A pipeline system capable of withstanding an exter-
nal pressure, comprising:

a pipe;

insulation material encasing said pipe;

a vapor barrier encasing and adhering to said insula-
tion material to prevent said volume of gas from
penetrating said insulation material and said pipe;

an outer pipe jacket surrounding and spaced from
said pipe to define an annulus; and

a volume of gas which is chemically inert with re-
spect to said pipe, said pipe jacket, and said insula-
tion material located in said annulus having a pres-
sure greater than the external pressure incident at
the exterior surface of said jacket, said gas selected
so that it will not condense at its pressure in the
system while adding minimally to the thermal con-
ductivity of the system.

S. The pipeline system of claim 4 wherein said gas is

supplied and maintained in said annulus at a selected
pressure by a supply tank, a pressure regulator, and a

gas flowmeter.
* ok Xk k%



