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PUMPING OF OPTICAL WAVEGUIDES INTO CONDUITS

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with fiber pumping
operations and, in one example described below, more
particularly provides for pumping of optical waveguides into

conduits.

BACKGROUND

An optical fiber can be “pumped” into a tubing by
flowing a fluid through the tubing, so that fluid drag
acting on the optical fiber draws the optical fiber into the
tubing. Optical fibers can, in this manner, be installed in
wells, along pipelines, or at other locations. Therefore, it
will be appreciated that advancements are continually needed

in the art of pumping optical waveguides into conduits.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of an optical waveguide pumping system and method that

can embody the principles of this disclosure.

FIG. 2 is a representative schematic view of an example
of a fluid recovery device that can embody the principles of

this disclosure.

FIG. 3 is a representative schematic view of another

example of the fluid recovery device.

FIG. 4 is a representative schematic view of yet

another example of the fluid recovery device.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is an optical
waveguide pumping system 10 and an associated method which
can embody principles of this disclosure. However, it should
be clearly understood that the system 10 and method are
merely one example of an application of the principles of
this disclosure in practice, and a wide variety of other
examples are possible. Therefore, the scope of this
disclosure is not limited at all to the details of the
system 10 and method described herein and/or depicted in the

drawings.

In the FIG. 1 example, it is desired to install an
optical waveguide 12 (such as, an optical fiber, an optical
ribbon, etc.) in a subterranean wellbore 14. In other
examples, the optical waveguide 12 could be installed
proximate (or in) a pipeline or other facility. Thus, the

scope of this disclosure is not limited to any particular
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location or facility in which the optical waveguide 12 is

installed.

In order to facilitate installation of the optical
waveguide 12, a conduit 18 is previously installed in the
wellbore 14. In the FIG. 1 example, the conduit 18 extends
in a section of the wellbore 14 lined with casing 16 and
cement 20, but in other examples the conduit could extend in

an uncased or open hole section of the wellbore.

The conduit 18 is depicted in FIG. 1 as comprising
tubing, also known to those skilled in the art as “control
line.” The conduit 18 is positioned within the casing 16.
However, in other examples, the conduit 18 could be
positioned external to the casing 16 (such as, in the cement
20), or in a wall of the casing or other tubular string in
the well. The conduit 18 could comprise a passage extending
through various types of structures in the wellbore 14

(e.g., not necessarily in a tubing).

In the FIG. 1 example, the conduit 18 is “double-
ended,” in that two side-by-side sections of the conduit
extend into the wellbore 14 and are joined therein by a
“turn-around” 18a. This allows a fluid 22 to be pumped into
one section of the conduit 18, and the fluid is returned via
the other section of the conduit. In other examples, the
conduit 18 may not be double-ended at surface, so that the
fluid 22 is pumped through the conduit and is expelled into
the wellbore 14 downhole (for example, via a check valve at

a distal end of the conduit).

The optical waveguide 12 may be installed into all, or
only a portion, of the conduit 18. In some examples, the
optical waveguide 12 could extend from the surface to the
turn-around 18a in only one of the side-by-side sections of

the conduit 18, and in other examples the optical waveguide
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could extend in both side-by-side sections of the conduit.
The scope of this disclosure is not limited to any
particular extent of installation of the optical waveguide

12 into the conduit 18.

A pump 24 pumps the fluid 22 from a reservoir 26 and
into the conduit 18. As the fluid 22 flows through the
conduit 18, fluid drag on the optical waveguide 12 causes it
to be drawn into the conduit from a spool 28. An enlarged or
otherwise drag-increasing tip 30 can be used at a distal end
of the optical waveguide 12 to help draw the optical
waveguide into the conduit 18 and prevent bunching of the

optical waveguide in the conduit.

The fluid 22 can be a liquid (such as, isopropyl
alcohol) at ambient surface conditions. However, after
exposure to elevated temperatures in the wellbore 14, the
fluid 22 that returns to the surface can boil or otherwise
pose a hazard. For example, if the fluid 22 is a hydrocarbon
fluid (such as, isopropyl alcohol), the vaporized fluid
could be explosive or otherwise pose a danger to personnel

exposed to the vaporized fluid.

Therefore, it would be beneficial to be able to reduce
a temperature of the fluid 22 after it has returned from the
wellbore 14. For example, the fluid 22 could be cooled in
the conduit 18 prior to the fluid returning to the reservoir
26 (which can be at ambient surface conditions, such as, at

atmospheric pressure).

In some examples, the fluid 22 can be cooled from
greater than its boiling point temperature to less than its
boiling point temperature after it returns from the wellbore
14. As used herein, the term “boiling point temperature” is
used to indicate a temperature at which a liquid begins to

boil at standard atmospheric pressure (1 bar).
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After the pumping operation is concluded, the fluid 22
can be flushed out of the conduit 18 (for example, to
prevent hydrogen darkening of the optical waveguide 12) with
a compressed gas, such as, air or nitrogen (or another inert
gas). However, even after substantial flushing with gas,

traces of the fluid 22 can remain in the conduit 18.

Therefore, it would be beneficial to be able to reduce
a fluid pressure in the conduit 18 to less than a vapor
pressure of the fluid 22 (for example, after the flushing
operation), so that any fluid remaining in the conduit can
be vaporized and can thereby be readily removed from the
conduit. As used herein, the term “vapor pressure” is used
to indicate a pressure of a vapor in equilibrium with its
condensed (solid and/or liquid) phase(s) at standard ambient

temperature (25°C).

In some examples, reducing pressure in the conduit 18
to less than the vapor pressure of the fluid 22 may be
followed by flushing the conduit 18 again with air or an
inert gas. In some examples, pressure in the conduit 18 may
remain less than the vapor pressure of the fluid 22, or at
least less than atmospheric pressure at the surface (such
as, by closing off the conduit at the surface after the
pressure therein has been reduced), after the completion of

the installation operation.

To obtain the benefits mentioned above of safely
returning the fluid 22 to the surface and/or removing the
fluid from the conduit 18 after the installation operation,
the system 10 includes a fluid recovery device 32. Note that
it is not necessary for the fluid recovery device 32 to
obtain any particular benefit or combination of benefits, in

keeping with the scope of this disclosure.
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For example, the fluid recovery device 32 could be used
to reduce pressure in the conduit 18 to below the vapor
pressure of the fluid 22, in order to remove the fluid from
the conduit, even if the temperature of the fluid is not
decreased by the fluid recovery device to below its boiling
point temperature. Such a fluid recovery device 32 could be
useful, for example, in cases where the fluid 22 does not
return to the surface (e.g., the conduit 18 is not double-
ended), although such a fluid recovery device could also be

useful even though the fluid does return to the surface.

As another example, the fluid recovery device 32 could
be used to reduce the temperature of the fluid 22 that
returns from the wellbore 14, in order to prevent boiling of
the fluid, even if the pressure in the conduit 18 is not
thereafter reduced to less than a vapor pressure of the
fluid. Such a fluid recovery device 32 could be useful, for
example, in cases where flushing the conduit 18 with gas is

highly effective in removing the fluid 22 from the conduit.

In the FIG. 1 example, the fluid recovery device 32 is
depicted as being connected in a return section of the
conduit 18 (e.g., between the wellbore 14 and the reservoir
26). In other examples, the fluid recovery device 32 could
be otherwise connected, such as, between the pump 24 and the
wellbore 14. The scope of this disclosure is not limited to
any particular position, configuration or arrangement of

components in the system 10.

Referring additionally now to FIG. 2, an example of a
fluid recovery device 32 that may be used with the system 10
and method of FIG. 1 is representatively illustrated.
However, the fluid recovery device 32 could be used with
other systems and methods, in keeping with the principles of

this disclosure.
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The optical waveguide 12 is not shown in FIG. 2 for
illustrative clarity, but it should be appreciated that the
optical waveguide and associated equipment (such as, the

spool 28, etc.) would be provided with the FIG. 2 system 10.

In the FIG. 2 example, the conduit 18 passes through a
cooling tank 34 between the wellbore 14 and the reservoir
26. Preferably, a tortuous section 18b of the conduit 18 is
contained in the cooling tank 34. As depicted in FIG. 2, the
tortuous section 18b comprises a helical coil of the conduit
18, but in other examples tortuosity could be achieved by
use of zig-zag sections, multiple direction reversals, etc.
Thus, the scope of this disclosure is not limited to any
particular configuration or arrangement of components in the

fluid recovery device 32.

A cooling fluid 36 in the cooling tank 34 is maintained
at a sufficiently low temperature, and is in contact with
the conduit 18, so that the temperature of the fluid 22 in
the conduit is reduced to below its boiling point
temperature when it exits the cooling tank and returns to
the reservoir 26. A refrigeration unit or chiller 38 can be
used to extract heat from the cooling fluid 36, and to
circulate the reduced temperature cooling fluid through the

cooling tank 34.

Referring additionally now to FIG. 3, another example
of the fluid recovery device 32 is representatively
illustrated. In this example, the fluid recovery device 32
includes a vacuum pump 40 connected to the conduit 18

between the cooling tank 34 and the reservoir 26.

The vacuum pump 40 is used to reduce pressure in the
conduit 18 to below the vapor pressure of the fluid 22, for
example, after the optical waveguide 12 has been installed

in the conduit and most of the fluid has been flushed from
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the conduit. The vacuum pump 40 is depicted in FIG. 3 as

being connected to the conduit 18 between the cooling tank
34 and the reservoir 26, but in other examples, the vacuum
pump could be connected to the conduit at another location

(such as, between the pump 24 and the wellbore 14).

Also depicted in FIG. 3 are throttle valves, chokes, or
other types of flow control devices 42, 44 which variably
restrict flow through the conduit 18. It will be appreciated
that, by regulating flow of the fluid 22 through the conduit
18, the pressure of the fluid in the conduit can be

controlled.

For example, by decreasing restriction to flow of the
fluid 22 from the pump 24 into the conduit 18 in the
wellbore 14, the pressure of the fluid when it is heated in
the wellbore and returns therefrom can be increased.
Similarly, by increasing restriction to flow of the fluid 22
from the cooling tank 34 to the reservoir 26, the pressure
of the fluid when it is heated in the wellbore 14 and

returns therefrom can be increased.

The flow control devices 42, 44 can, thus, be used to
maintain sufficient pressure of the fluid 22 in the conduit
18, so that it does not boil prior to the fluid being cooled
in the cooling tank 34. After the fluid 22 has been cooled
to below its boiling point temperature, it can be safely

returned to the reservoir 26.

Referring additionally now to FIG. 4, another example
of the fluid recovery device 32 is representatively
illustrated. In this example, three-way or “T” fittings 46,
48 are used to provide access to the conduit 18 between the
pump 24 and the wellbore 14, and between the wellbore and
the cooling tank 34.
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The fittings 46, 48 can be useful for changing a
circulation direction of the fluid 22 or a purging gas
through the conduit 18 in the wellbore 14, for example, in
cases in which it is desirable to pump out the optical
waveguide 12 and/or pump another optical waveguide into one
leg of the conduit. The fittings 46, 48 can allow fluid 22
to bypass the optical waveguide 12 in cases where it may be
desirable to maintain one optical waveguide in the wellbore
14 while pumping another optical waveguide into another leg

of the conduit 18.

In addition, this can allow continuous optical
monitoring of one optical waveguide 12 while pumping in a
second optical waveguide. The first optical waveguide 12 can
be spliced to a fiber optic pressure penetrator (not shown)
to allow safe pumping of the second optical waveguide while

monitoring the first optical waveguide.

As depicted in FIG. 4, the system 10 is configured to
pump an optical waveguide into the conduit 18 (e.g., fully
or completely to the turnaround 18a) via the fitting 46,
while fluid 22 returned from the conduit is flowed to the
cooling tank 34 via the fitting 48. To pump another optical
waveguide into the conduit 18 via the fitting 48 (e.g.,
fully or completely to the turnaround 18a), the pump 24 can
be connected to the fitting 48, and fluid 22 returned from
the conduit can be flowed to the cooling tank 34 via the

fitting 46.

It may now be fully appreciated that the above
disclosure provides significant advances to the art of
pumping optical waveguides into conduits. In an example
described above, the fluid 22 can be safely returned from
the conduit 18 to the reservoir 26 without boiling. In

another example, the fluid 22 can be more completely purged
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from the conduit 18 by reducing pressure therein to below a

vapor pressure of the fluid.

The above disclosure provides to the art an optical
waveguide pumping method. In one example, the method can
comprise: pumping a liquid fluid 22 through a conduit 18,
thereby causing an optical waveguide 12 to extend further
into the conduit 18; and operating a fluid recovery device
32, thereby causing a condition to exist in the conduit 18,
the condition comprising a) fluid pressure in the conduit 18
being less than a vapor pressure of the fluid 22, and/or b)
fluid temperature in the conduit 18 being reduced from above
a boiling point temperature of the fluid 22 to below the
boiling point temperature of the fluid 22.

The step of operating the fluid recovery device 32 may
be performed after the fluid 22 is substantially purged from
the conduit 18.

The fluid pressure in the conduit 18 may be reduced to
less than the vapor pressure of the fluid 22 after flowing a

gas through the conduit 18.

The step of operating the fluid recovery device 32 can
include operating a vacuum pump 40, thereby reducing the
fluid pressure in the conduit 18 to less than atmospheric

pressure.

Operating the fluid recovery device 32 may include
cooling the fluid 22 in the conduit 18 prior to returning
the fluid 22 to a reservoir 26 from which the fluid 22 is

pumped into the conduit 18.

Operating the fluid recovery device 32 may include

immersing the conduit 18 in a cooling tank 34.

An optical waveguide pumping system 10 is also provided

to the art by the above disclosure. In one example, the
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system 10 can include a pump 24 which pumps a liquid fluid
22 into a conduit 18 and thereby causes an optical waveguide
12 to progressively extend into the conduit 18, and a fluid
recovery device 32 connected to the conduit 18. The fluid
recovery device 32 reduces fluid pressure in the conduit 18

to below a vapor pressure of the fluid 22.

The fluid recovery device 32 may comprise a vacuum pump

40.

The fluid recovery device 32 may reduce the fluid

pressure to below atmospheric pressure.

The fluid recovery device 32 may reduce the fluid
pressure while the conduit 18 is substantially filled with a

gas.

The conduit 18 may extend into a wellbore 14. In other

examples, the conduit 18 may not be in a wellbore.

The conduit may extend into a wellbore 14 between the

pump 24 and the fluid recovery device 32.

The fluid recovery device 32 may reduce fluid
temperature in the conduit 18 from above a boiling point
temperature of the fluid 22 to below the boiling point
temperature of the fluid 22.

Another optical waveguide pumping system 10 described
above can comprise a pump 24 which pumps a liquid fluid 22
into a conduit 18 and thereby causes an optical waveguide 12
to progressively extend into the conduit 18, and a fluid
recovery device 32 connected to the conduit 18. The fluid
recovery device 32 reduces fluid temperature in the conduit
18 from above a boiling point temperature of the fluid 22 to

below the boiling point temperature of the fluid 22.

The conduit 18 may extend into a wellbore 14 between

the pump 24 and the fluid recovery device 32.
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The fluid recovery device 32 may comprise a cooling
tank 34. A tortuous section 18b of the conduit 18 can be
contained in the cooling tank 34. The fluid recovery device
32 may also comprise a cooling fluid 36 which contacts the

conduit 18 in the cooling tank 34.

The system 10 may include a flow control device 44
connected to the conduit 18 upstream of a reservoir 26 from
which the fluid 22 is pumped by the pump 24. The flow
control device 44 variably restricts flow through the
conduit 18 and thereby increases fluid pressure in the

conduit 18.

The fluid recovery device 32 reduces fluid pressure in

the conduit 18 to below a vapor pressure of the fluid 22.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments

described herein may be utilized in various orientations,
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such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be

clearly understood as being given by way of illustration and
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example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An optical waveguide pumping method, comprising:

pumping a liquid fluid through a conduit, thereby
causing an optical waveguide to extend further into the

conduit; and

operating a fluid recovery device, thereby causing a
condition to exist in the conduit, the condition being
selected from the group consisting of: a) fluid pressure in
the conduit being less than a vapor pressure of the fluid,
and b) fluid temperature in the conduit being reduced from
above a boiling point temperature of the fluid to below the

boiling point temperature of the fluid.

2. The method of claim 1, wherein operating the fluid
recovery device is performed after the fluid is

substantially purged from the conduit.

3. The method of claim 1, wherein the fluid pressure
in the conduit is reduced to less than the vapor pressure of

the fluid after flowing a gas through the conduit.

4. The method of claim 1, wherein operating the fluid
recovery device further comprises operating a vacuum pump,
thereby reducing the fluid pressure in the conduit to less

than atmospheric pressure.

5. The method of claim 1, wherein operating the fluid

recovery device further comprises cooling the fluid in the
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conduit prior to returning the fluid to a reservoir from

which the fluid is pumped into the conduit.

6. The method of claim 1, wherein operating the fluid
recovery device further comprises immersing the conduit in a

cooling tank.
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7. An optical waveguide pumping system, comprising:

a pump which pumps a liquid fluid into a conduit and
thereby causes an optical waveguide to progressively extend

into the conduit; and

a fluid recovery device connected to the conduit,
wherein the fluid recovery device reduces fluid pressure in

the conduit to below a vapor pressure of the fluid.

8. The system of claim 7, wherein the fluid recovery

device comprises a vacuum pump.

9. The system of claim 7, wherein the fluid recovery
device reduces the fluid pressure to below atmospheric

pressure.

10. The system of claim 7, wherein the fluid recovery
device reduces the fluid pressure while the conduit is

substantially filled with a gas.

11. The system of claim 7, wherein the conduit extends

into a wellbore.

12. The system of claim 7, wherein the conduit extends
into a wellbore between the pump and the fluid recovery

device.

13. The system of claim 7, wherein the fluid recovery

device reduces fluid temperature in the conduit from above a
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boiling point temperature of the fluid to below the boiling

point temperature of the fluid.
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14. An optical waveguide pumping system, comprising:

a pump which pumps a liquid fluid into a conduit and
thereby causes an optical waveguide to progressively extend

into the conduit; and

a fluid recovery device connected to the conduit,
wherein the fluid recovery device reduces fluid temperature
in the conduit from above a boiling point temperature of the

fluid to below the boiling point temperature of the fluid.

15. The system of claim 14, wherein the conduit
extends into a wellbore between the pump and the fluid

recovery device.

16. The system of claim 14, wherein the fluid recovery

device comprises a cooling tank.

17. The system of claim 16, wherein a tortuous section

of the conduit is contained in the cooling tank.

18. The system of claim 16, wherein the fluid recovery
device further comprises a cooling fluid which contacts the

conduit in the cooling tank.

19. The system of claim 14, further comprising a flow
control device connected to the conduit upstream of a
reservolir from which the fluid is pumped by the pump,
wherein the flow control device variably restricts flow
through the conduit and thereby increases fluid pressure in

the conduit.
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20. The system of claim 14, wherein the fluid recovery
device reduces fluid pressure in the conduit to below a

vapor pressure of the fluid.
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