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(57) Abstract: An interrogation system includes lasers and an optical filtering device. The lasers include a primary set of lasers coupled
to a primary multiplexer for generating primary light signals and a secondary set of lasers coupled to a secondary multiplexer for
generating secondary light signals. The primary set of lasers may generate light signals having a first set of overlapping wavelengths
and the secondary set of lasers may generate light signals having a second set of overlapping wavelengths. The optical filtering device
may route the primary light signal and the secondary light signal to an optical fiber sensing cable positioned in a wellbore and receive
reflection signals corresponding to the primary light signal and the secondary light signal. The reflection signals corresponding to the
secondary light signal may have a first wavelength range that matches a second wavelength range of the primary light signals.
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DIFFERENTIAL ATTENUATION COMPENSATION
FOR DISTRIBUTED TEMPERATURE SENSING SYSTEMS

Technical Field

[0001] The present disclosure relates generally to distributed temperature
sensing and, more particularly (although not exclusively), to differential attenuation
compensation for dual-wavelength distributed temperature sensing systems in
wellbore environments.
Background

[0002] Distributed Temperature Sensing (DTS) systems utilize fiber optic
cable to obtain high-resolution temperature measurements in wellbore and other
industrial environments. DTS-based measurements can use of an interrogation
system to detect spontaneous Raman back-scattering. For example, a DTS system
may launch a light signal into an optical sensing fiber coupled to a fiber optic
distributed sensor positioned in a wellbore. The light signal may result in two back-
scattered spectral components, a Stokes component and an anti-Stokes component.
The Stokes component has a lower frequency and higher wavelength content than
the launched light signal and the anti-Stokes signal has a higher frequency and lower
wavelength than the launched light signal.

[0003] The anti-Stokes signal is temperature sensitive and the Stokes signal is
temperature independent. A ratio of the two signals may be used to determine the
temperature of the optical fiber at a particular point along the optical sensing fiber.
As the Stokes and anti-Stoke signals travel, the signals can experience different
attenuation profiles due to the difference in the wavelength band of the signals. For
proper temperature measurement, a correction may be made to cause the signals to

exhibit the same attenuation.
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Brief Description of the Drawings

[0004] FIG. 1 is a cross-sectional schematic diagram depicting an example of
a wellbore environment including a distributed temperature sensing system
according to one aspect of the present disclosure.

[00035] FIG. 2 is a schematic diagram of an example of a distributed
temperature sensing system according to one aspect of the present disclosure.
[0006] FIG. 3 is a block diagram of an example of a light source for the
distributed temperature sensing system of FIG. 2 according to one aspect of the
present disclosure.

[0007] FIG. 4 is a flow chart of a process for compensating for differential
attenuation in a distributed temperature sensing system according to one aspect of
the present disclosure.

[0008] FIG. 5 is a block diagram of an example of a distributed temperature
sensing system for simultaneous temperature measurements on two separate fibers
according to one aspect of the present disclosure.

Detailed Description

[0009] Certain aspects and examples of the present disclosure relate to
distributed temperature sensing system configurations that compensate for
attenuation in light signals traversing optical sensing fiber in a wellbore. Attenuation
can be compensated by interrogating the optical fiber using light signals having a
wavelength range that matches the wavelength range of the light signals reflected
from the wellbore.

[0010] The optical sensing fiber may include optical fiber having one or more
sensors for sensing temperature in a section of the wellbore. The sensors may be

embedded or otherwise coupled the optical fiber or correspond to locations of the
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fiber itself. In one example, a distributed temperature sensing system has dual light
sources for interrogating the optical sensing fiber. Each light source includes
encompassing a set of lasers. The set of lasers may be coupled to a wavelength-
division multiplexer (WDM) that generates a light signal by multiplexing a set of light
signals generated by the set of lasers. The light signals of the set of multiplexed light
signals may have different and overlapping wavelengths to create the wavelength
range of the light signal routed to the optical sensing fiber. The reflection signal
received from the optical sensing fiber may be routed to an optical detector for
determining temperature in a section of the wellbore.

[0011] In some aspects, the wavelength ranges of the light signals generated
by each light source of a distributed temperature sensing system may include
primary and secondary light signals separated by the other’s Stokes and anti-Stokes
wavelength. For example, the light signals generated by each light source may
traverse the optical sensing fiber with the primary light signal’s outgoing wavelength
matching the secondary light signal’s returning Stokes wavelength. Similarly, the
secondary light signal’'s outgoing wavelength may match the primary light signal’s
anti-Stokes wavelength. The wavelength wavelength range of the light sources may
compensate for the small differences in differential attenuation between the light
signals generated by the light sources. The differential attenuation may correspond
to differences in the loss of power as each of the light signal traverses the optical
sensing fiber.

[0012] A distributed temperature sensing system according to some aspects
of the present disclosure allow for accurate temperature measurements for any
attenuation profile of the optical sensing fiber of the system. For example, the

attenuation profile of the fiber may include multiple changes at different locations of
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the fiber. The profile changes may cause a difference in the bandwidth between the
light signal routed to the optical sensing fiber and the reflected light signal that
results in corresponding differences in the total attenuation between the
corresponding light signals reflected back from the optical sensing fiber. The
reflected light signals are routed to an optical detector for determining temperature in
the wellbore. But, differences in the attenuation between the reflected light signals
may cause varying temperature measurements.

[0013] In one example, the differences in attenuation may be caused by
extreme changes in temperature in the environment surrounding the optical sensing
fiber. For example, optical sensing fiber positioned in a wellbore may experience
extreme temperatures when steam is injected into the wellbore to melt heavy oils in
the wellbore. As the steam penetrates the fiber, it may lose power, or darken. The
darkening of the optical sensing fiber may change the attenuation profile, which can
affect the differential attenuation of the reflected light signals traversing the fiber.
But, the differences in the wavelengths of the light signals used to generate the
source light signals of the distributed temperature sensing system may be
wavelength enough to account for the differences in the total attenuation between
the reflected light signals.

[0014] Detailed descriptions of certain examples are discussed below. These
illustrative examples are given to introduce the reader to the general subject matter
discussed here and are not intended to limit the scope of the disclosed concepts.
The following sections describe various additional aspects and examples with
reference to the drawings in which like numerals indicate like elements, and
directional descriptions are used to describe the illustrative examples but, like the

illustrative examples, should not be used to limit the present disclosure. The various
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figures described below depict examples of implementations for the present
disclosure, but should not be used to limit the present disclosure.

[0015] Various aspects of the present disclosure may be implemented in
various environments. FIG. 1 illustrates an example of a wellbore environment 100
that includes a distributed temperature sensing system according to some aspects of
the present disclosure. The wellbore environment 100 includes a casing string 102
positioned in a wellbore 104 that has been formed in a surface 106 of the earth. The
wellbore environment 100 may have been constructed and completed in any suitable
manner, such as by use of a drilling assembly having a drill bit for creating the
wellbore 104. The casing string 102 may include tubular casing sections connected
by end-to-end couplings 108. In some aspects, the casing string 102 may be made
of a suitable material such as steel. Within the wellbore 104, cement 110 may be
injected and allowed to set between an outer surface of the casing string 102 and an
inner surface of the wellbore 104. At the surface 106 of the wellbore 104, a tree
assembly may be joined to the casing string 102. The tree assembly 112 may
include an assembly of valves, spools, fittings, etc. to direct and control the flow of
fluid (e.g., oll, gas, water, etc.) into or out of the wellbore 104 within the casing string
102.

[0016] Optical fiber cables 114 may be routed through one or more ports in
the tree assembly 112 and extend along an outer surface of the casing string 102.
The optical fiber cables 114 may include one or more optical sensors 116 along the
optical fiber cables 114. The sensors 116 may be embedded in the optical fiber
cables 114 or otherwise coupled to the optical fiber cables 114 to create an optical
fiber sensing cable. The optical fiber cables 114 and the sensors 116 may be

deployed in the wellbore 104 and used to sense and transmit measurements of
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temperature conditions in various sections of the wellbore 104 to the surface 106.
The optical fiber cables 114 may be retained against the outer surface of the casing
string 102 at intervals by coupling bands 118 that extend around the casing string
102. In FIG. 1, the optical fiber cables 114 are retained by two coupling bands 118
installed on either side of the couplings 108.

[0017] The optical fiber cables 114 can be coupled to an interrogation
subsystem 120 of the distributed temperature sensing system. The interrogation
subsystem 120 is positioned at the surface 106 of the wellbore 104. In some
aspects, the interrogation subsystem 120 may be an opto-electronic unit that may
include devices and components to interrogate the sensors 116 coupled to the
optical fiber cables 114. For example, the interrogation subsystem 120 may include
light sources, such as laser devices, that can generate light signals to be transmitted
through one or more of the optical fiber cables 114 to the sensors 116 in the wellbore
104. The interrogation subsystem 120 may also include a detector device to receive
and perform interferometric measurements of reflected light from the sensors 116
coupled to the optical fiber cables 114.

[0018] FIG. 2 is a schematic diagram of an example of a distributed
temperature sensing system according to one aspect of the present disclosure. The
distributed temperature sensing system includes an interrogation system 200. In
some aspects, the interrogation system 200 of FIG. 2 represents one configuration of
the interrogation subsystem 120 of FIG. 1, but other configurations are possible. For
example, the components of the distributed temperature sensing system may be
arranged in a different order or configuration without departing from the scope of the

present disclosure. Similarly, one or more components may be added to or
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subtracted from the configuration of the distributed temperature sensing system
shown in FIG. 2 without departing from the scope of the present disclosure.

[0019] The interrogation system 200 includes two light sources 202A, 202B.
Each light source 202A, 202B may be configured to generate light signals. The light
sources 202A, 202B each include multiple light-generating devices. Non-limiting
examples of the light-generating devices of the light sources 202A, 202B include
laser devices, light-emitting diodes, or other optical transmitters for generating and
emitting the light signals. In some aspects, the light sources 202A, 202B may also
include additional devices, including, but not limited to a pulse generator and a
wavelength-division multiplexer. The pulse generators may manipulate or modulate
the light signals emitted from the light sources 202A, 202B such that the lights
signals are emitted as pulses. The wavelength-division multiplexer may multiplex or
otherwise combine multiple light signals generated by the light-generating devices of
the light sources 202A, 202B to generate a single light signal emitted from the light
sources 202A, 202B. Though two light sources 202A, 202B are shown in FIG. 2, in
some aspects, the interrogation system 200 may include three or more light sources
without departing from the scope of the present disclosure.

[0020] The light sources 202A, 202B are communicatively coupled to optical
switches 204, 206. In some aspects, the optical switches 204, 206 may include
circuitry for receiving multiple light signals at input ports and selecting which light
signal to route through an output port. The optical switches 204, 206 may be
optically transparent. For example, the optical switches 204, 206 may operate in a
passband wavelength range to allow light signals to be routed through the optical
switches 204, 206 without being scattered. In additional and alternative aspects, the

optical switches 204, 206 may be passive. For example, the optical switches 204,
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206 may not include any gain elements between the input and the output of the
switches 204, 206. In further aspects, the optical switches 204, 206 may be
unidirectional switches or bi-directional switches. For example, optical switch 204
may be a unidirectional switch configured to route light signals in a single direction.
The optical switch 204 may receive a light signal from the light source 202A at an
input port communicatively coupled to the light source 202A and route the light signal
through an output port to the optical switch 206.  Similarly, the optical switch 204
may receive a light signal from the light source 202B at an input port
communicatively coupled to the light source 202B and route the light signal through
an output port to the optical switch 206. In a further example, the optical switch 206
may be a bi-directional switch capable of routing light signals in either direction (e.g.,
one or more ports operating as both an input port and an output port to light signals).
For example, optical switch 206 may include bi-directional ports coupled to a filtering
device 208 and may both route light signals to the filtering device 208 and receive
light signals from the filtering device 208.

[0021] The filtering device 208 may include one or more filters. In some
aspects, one or more filters of the filtering device 208 may be thin-film filters. The
filtering device includes at least three bi-directional ports. Ports 210A, 210B are
coupled to the optical switches 204, 206 for transmitting light signals between the
optical switch 206 and the filtering device 208. In some aspects the ports 210A,
210B may be designated ports for receiving light signals from the light source 202A,
202B, respectively. Port 212 is a common port coupled to an optical fiber cable 214.
The optical fiber cable 214 is coupled to one or more sensors 216 to create an
optical fiber sensing cable. In some aspects, the sensors 216 are embedded in the

optical fiber cable 214. The sensors 216 and at least a portion of the optical fiber
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cable 214 may be positioned in a wellbore (e.g., wellbore 104 of FIG 1) to sense
temperature downhole in the wellbore in sections of the wellbore where the optical
fiber cable 214 or sensors 216 are located.

[0022] During operation of the interrogation system 200, the light sources
202A, 202B each generate a light signal for interrogating the optical fiber cable 214
and sensors 216 positioned in a wellbore. In some aspects, the light sources 202A,
202B may be operable to generate light signals having different wavelengths. For
example, the light signals generated by the light source 202A may have a
wavelength A1 and the light signals generated by the light source 202B may have a
wavelength A2. In some aspects, the wavelengths A1 and A2 are separated by the
other's Stokes and anti-Stokes wavelength. The separation causes the light signals
generated by the light source 202A to have a wavelength that match the Stokes
wavelength of the reflected light signals of the light signals generated by the light
source 202B, reflected from the optical fiber cable 214 and sensors 216. The
separation also causes the light signals generated by the light source 202B to have a
wavelength that matches the anti-Stokes wavelength of the reflected light signals of
the light signals generated by the light source 202A, reflected from the optical fiber
cable 214 and sensors 216.

[0023] The light signals generated by the light sources 202A, 202B are routed
to the optical switch 204. The optical switch 204 selectively routes one of the light
signals to the optical switch 206. In some aspects, the optical switch 204 may be
configured to alternate which light signal to route to the optical switch 206. For
example, the optical switch 204 may be coupled to a control device, timer,
processor, or other means for determining which light signal to route to the optical

switch 206. The optical switch 206 routes the received light signal to port 210A or
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port 210B depending on which light signal is being routed through the optical switch
206. For example, the optical switch 206 may route a light signal generated by the
light source 202A to the port 210A in response to receiving the light signal from the
optical switch 204. Similarly, the optical switch 206 may route a light signal
generated by the light source 202B to the port 210B in response to receiving the light
signal from the optical switch 204.

[0024] The filtering device 208 may route the light signals received at port
210A or port 210B to the optical fiber cable 214 for interrogating the sensors 216 via
port 212. In some aspects, the filtering device 208 may filter the light signals routed
through the filtering device 208 prior to routing the light signals to the optical fiber
cable 214. For example, the filtering device 208 may be tuned to only route light
signals within a certain bandwidth or wavelength range. In some aspects, the
filtering device 208 may be tunable to adjust the bandwidth of the light signals routed
through the filtering device 208. In this manner, the filtering device 208 may operate
together with, or separate from, the light sources 202A, 202B to ensure that
reflection signals corresponding to one of the light source’s 202A, 202B light signal is
in a wavelength range that matches the wavelength range of the other light source’s
202A, 202B generated light signal.

[0025] In response to routing a light signal to the optical fiber cable 214
through port 212, the filtering device 208 may receive a reflected light signal
corresponding to the light signal at the port 212. The filtering device 208 may route
the reflected signal to the optical switch 206 via the port 210A, 210B that was not
used to receive the light signal from the optical switch 206. For example, the filtering
device 208 may route a reflected signal corresponding to the light signal generated

by light source 202A to the optical switch 206 through port 210B when the light

10



WO 2018/093363 PCT/US2016/062291

signal was received via port 210A. Similarly, the filtering device 208 may route a
reflected signal corresponding to the light signal generated by light source 202B to
the optical switch 206 through port 210A when the light signal was received via port
210B.

[0026] The optical switch 206 may route the reflected signal to an optical
detector 218. In some aspects, the optical detector 218 includes an optical receiver
an opto-electrical devices having one or more photodetectors to convert light signals
into electricity using a photoelectric effect. In further aspects, the photodetectors
include photodiodes to absorb photons of the light signals and convert the light
signals into an electrical current. The electrical current may be converted to
electrical voltage and routed to a computing device for analyzing the light signals to
determine a temperature at a location in the wellbore. Although one optical detector
218 is shown in FIG. 2, in other examples more than one optical detector 218 is used
for detecting reflected light signals from the optical fiber cable 214 and sensors 216.
[0027] FIG. 3 is a block diagram of an example of a light source 300 for the
distributed temperature sensing system of FIG. 2 according to one aspect of the
present disclosure. In some aspects, the light source 300 may replace light source
202A or light source 202B, or both, in the interrogation system of FIG. 2. The light
source includes lasers 302A, 302B, 302C coupled to a wavelength-division
multiplexer 304. Each of the lasers 302A, 302B, 302C is operable to generate light
signals at different wavelengths, AA, AB, and AC, respectively. The wavelengths AA,
AB, AC of the generated light signals may also overlap with the wavelength of at least
one other light signal. The light signals generated by the lasers 302A, 302B, 302C
may be routed to the wavelength-division multiplexer 304 and multiplexed into a

single light signal that traversing the components of the interrogation system in a
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wavelength range corresponding to the overlapping wavelengths AA, AB, AC.
Although three lasers 302A, 302B, 302C are shown in the light source 300, the
lasers 302A, 302B, 302C may be two lasers or four or more lasers without departing
from the scope of the present disclosure. Similarly, although lasers are described,
the light source may include a set of any light-generating devices to generate light
signals having wavelengths AA, AB, AC.

[0028] FIG. 4 is a flow chart of an example of a process for compensating for
differential attenuation in a distributed temperature sensing system according to one
aspect of the present disclosure. The process is described with respect to the
components described in FIGS. 1-3, though other implementations are possible
without departing from the scope of the present disclosure.

[0029] In block 400, a primary light signal is generated from a first set of light
signals having different wavelengths. In some aspects, the primary light signal may
correspond to a light signal generated by the light source 202A. The light source
may include multiple lasers 302A, 302B, 302C or other light-generating devices as
described in FIG. 3. For example, the multiple lasers generate a set of light signals
having different wavelengths. The wavelengths may be overlapping such that at
least reaches another of the wavelengths. A wavelength-division multiplexer of the
light source 202A may receive the set of light signals and generate the primary light
signal.

[0030] In block 402, a secondary light signal is generated from a second set of
light signals having different wavelengths. In some aspects, the secondary light
signal may correspond to a light signal generated by the light source 202B. Similar
to the primary light source (e.g., light source 202A), the secondary light source may

include multiple light-generating devices operable at different, overlapping
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wavelengths and multiplexed to generate the secondary light source as described in
FIG. 3.

[0031] In block 404, the primary light signal or the secondary light signal is
selectively routed to optical sensing fiber cable extending into a wellbore (e.g.,
wellbore 104 of FIG. 1). In some aspects, the primary light signal or secondary light
signal may be selected by optical switch 204 and routed to the optical fiber cable 214
and sensors 216. For example, the optical switch 204 may receive the primary light
signal and secondary light signal as inputs and select one to route toward the optical
fiber cable 214. In some aspects, the optical switch 204 may alternate which light
signal to route. In other aspects, the optical switch 204 may be manually or
automatically controlled by a control device which determines which light signal to
route. In some aspects, routing the primary light signal or the secondary light signal
to the optical fiber cable 214 and sensors 216 may also include tuning the routed
light signal. For example, as the light signal is routed through the filtering device 208
to the optical fiber cable 214 coupled to the filtering device 208, the filtering device
208 may have an adjustable bandwidth that may tune the light signals passing
through to cause the primary light signals and the reflection signals of the secondary
light signals to have matching wavelength ranges. The filtering device 208 may also
tune the light signals to cause the secondary light signals and the reflection signals
of the primary light signals to have matching wavelength ranges.

[0032] In block 406, a reflection signal is received. The reflection signal may
include a wavelength range that matches the wavelength range of the non-routed
light signal (e.g., the reflection signal corresponding to the primary light signal when
the optical switch 204 select the primary light signal to route downhole as described

in block 404). The wavelength range of the non-routed light signal may be
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determined based on the overlapping wavelengths of the light signals multiplexed to
generate the non-routed light signal. For example, in response to the optical switch
204 selecting the secondary light signal to route to the optical fiber cable 214, the
secondary light signal may be routed by the optical switch 204 to the optical switch
206, which in turn routes the secondary light signal to the filtering device 208. The
filtering device 208 may route the secondary light signal and in response, receive a
reflection signal generated by the sensors 216 of the optical fiber cable 214 and
route the reflection signal to the sensors 216. The wavelength range of the reflection
signal may match the wavelength range of the primary light signal. In some aspects,
the wavelength of the reflection signal may correspond to the Stokes or anti-Stokes
wavelength of the primary light signal.

[0033] In block 408, the reflection signal is routed to the optical detector 218 to
determine a temperature in a section of the wellbore 104. In some aspects, the
reflection signal is routed to the optical detector 218 by the optical switch 206.

[0034] FIG. 5 is a distributed temperature sensing system 500 for
simultaneous temperature measurements on two separate fibers according to one
aspect of the present disclosure. The distributed temperature sensing system 500
encompasses the interrogation system 200 of FIG. 2 but expands the interrogation
system 200 to include additional components. For example, the distributed
temperature sensing system 500 includes the light source 202A, 202B
communicatively coupled to the optical switches 204, 206 and the filtering device
208 for routing light signals generated by the light source 202A, 202B to interrogate
optical fiber cable 214 and sensors 216 positioned in a wellbore as described in FIG.

2
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[0035] The distributed temperature sensing system 500 also includes an
additional optical switch 502 communicatively coupled to the optical switch 204 of
the interrogation system 200 of FIG. 2. The optical switch 502 is coupled to the
optical switch 204 at port 504. During operation of the interrogation system 200 of
FIG. 2, port 504 of the optical switch 204 is unused. The distributed temperature
sensing system 500 of FIG. 5 uses port 504 allow the optical switch 204 to
simultaneously route both light signals generated by the light sources 202A, 202B
through the optical switch 204 for determining temperature measurements in a
wellbore. For example, the optical switch 204 may be configured to route the light
signal generated by light source 202A to the optical switch 206 for interrogating the
optical fiber cable 214 and sensors 216 as described herein. The optical switch 204
may simultaneously route the light signal generated by the light source 202B to the
optical switch 502. The optical switch 502 may route the light signal to a filtering
device 506 for interrogating a second optical fiber cable 508 and sensors 510
coupled to the filtering device 506 and positioned in the wellbore. The optical switch
502 and the filtering device 506 may be of a similar type and operate similarly to the
optical switch 206 and the filtering device 208.

[0036] The filtering device 506 may receive a reflection signal corresponding
to the signal routed by the filtering device to the optical fiber cable 508 and route the
reflection signal to the optical switch 502. The optical switch may route the reflection
signal to a detector 512. The detector 512 may be similar in type and operation as
the optical detector 218 of FIG. 2. The reflection signal is routed to the detector 512
to determine a temperature in a section of a wellbore corresponding to the location of

the sensors 510.
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[0037] In some aspects, the sensors 216, 510 may be positioned in different
sections of the wellbore to simultaneously determine temperature measurements in
both sections of the wellbore using the same light sources 202A, 202B. In other
aspects, the sensors 216, 510 may be included on optical fiber cables 214, 508,
respectively, that extend into different wellbores for obtaining temperature
measurements in both wellbores simultaneously.

[0038] The foregoing description of the examples, including illustrated
examples, has been presented only for the purpose of illustration and description
and is not intended to be exhaustive or to limit the subject matter to the precise
forms disclosed. Numerous modifications, adaptations, uses, and installations
thereof can be apparent to those skilled in the art without departing from the scope of
this disclosure. The illustrative examples described above are given to introduce the
reader to the general subject matter discussed here and are not intended to limit the

scope of the disclosed concepts.
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Claims

What is claimed is:

1. An interrogation system, comprising:

a plurality of lasers including a primary set of lasers coupled to a primary
multiplexer for generating primary light signals that have a first set of overlapping
wavelengths and a secondary set of lasers coupled to a secondary multiplexer for
generating secondary light signals that have a second set of overlapping
wavelengths; and

an optical filtering device communicatively couplable to the plurality of lasers
to route the primary light signals to an optical fiber sensing cable positioned in a
wellbore and route the secondary light signals to the optical fiber sensing cable
separate from the primary light signals, the optical filtering device including a
common port couplable to the optical fiber sensing cable to receive reflection signals
corresponding to the primary light signals and reflection signals corresponding to the
secondary light signals, wherein the reflection signals corresponding to the
secondary light signals have a wavelength range that matches the wavelength range

of the primary light signals.

2. The interrogation system of claim 1, wherein the reflection signals
corresponding to the primary light signals have a second wavelength range that
matches the wavelength range of the secondary light signals, the second wavelength

range being different than the wavelength range of the secondary light signals.
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3. The interrogation system of claim 1, wherein the primary light signals and the
reflection signals corresponding to the secondary light signals include a Raman anti-

Stokes wavelength.

4. The interrogation system of claim 1, wherein the secondary light signals and
the reflection signals corresponding to the secondary light signals include a Roman

Stokes wavelength.

. The interrogation system of claim 1, further comprising the primary multiplexer
and the secondary multiplexer,

wherein the primary multiplexer is couplable to the primary set of lasers to
generate the primary light signals such that the primary light signals and the
reflection signals of the secondary light signals to have matching wavelength ranges,
and

wherein the secondary multiplexer is couplable to the secondary set of lasers
to generate the secondary light signals such that the secondary light signals and the

reflection signals of the primary light signals have matching wavelength ranges.

6. The interrogation system of claim 1, wherein the optical filtering device

includes a bandwidth that is adjustable to cause the primary light signals and the

reflection signals of the secondary light signals to have matching wavelength ranges.

7. The interrogation system of claim 1, further including optical switches

positionable between the plurality of lasers and the optical filtering device to
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selectively route the primary light signal or the secondary light signal from the

primary multiplexer or the secondary multiplexer to the optical filtering device,
wherein the optical switches include at least one switch communicatively

couplable to an optical detector for routing the reflection signals corresponding to the

primary light signals or the secondary light signals to the optical detector.

8. The interrogation system of claim 1, further comprising:

an optical switch positionable between the plurality of lasers and an additional
optical filtering device to route the primary light signal or the secondary light signal to
an additional optical sensing fiber cable that extends into the wellbore; and

a set of optical switches separate from the optical switch and positionable
between the plurality of lasers and the optical filtering device, wherein one switch of
the set of optical switches is communicatively coupled to the optical switch to
simultaneously route the primary light signal to the optical switch and the secondary

light signal to a second switch of the set of optical switches.

9. A method, comprising:

generating a primary light signal that has a first set of overlapping
wavelengths;

generating a secondary light signal that has a second set of overlapping
wavelengths;

routing, based on a selection of an optical switch, the primary light signal or
the secondary light signal to an optical fiber sensing cable extending downhole into a

wellbore;
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receiving, from the optical fiber sensing cable, a reflection signal
corresponding to a reflection of the primary light signal or the secondary light signal
that is a routed light signal, the reflection signal having a first wavelength range that
matches a second wavelength range of the other of the primary light signal or the
secondary light signal that is a non-routed light signal; and

routing the reflection signal to an optical detector to determine a temperature

in a section of the wellbore.

10.  The method of claim 9, further comprising:

separately routing the non-routed light signal to the optical fiber sensing cable;
and

receiving, from the optical fiber sensing cable, a second reflection signal
corresponding to a reflection of the non-routed light signal, the second reflection
signal having a third wavelength range that matches a fourth wavelength range of

the routed light signal.

11.  The method of claim 10, wherein the non-routed light signal and the second

reflection signal include a Raman Stokes or a Raman anti-Stokes wavelength.

12. The method of claim 9, wherein the routed light signal and the reflection signal

include a Raman Stokes or a Raman anti-Stokes wavelength.

13. The method of claim 9, further comprising:
adjusting a filtering device coupled to the optical fiber sensing cable to cause

the first wavelength range and the second wavelength range to correspond.
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14. The method of claim 9, wherein selectively routing the primary light signal or
the secondary light signal to the optical fiber sensing cable includes simultaneously
routing a non-selected light signal to a second optical fiber sensing cable, the non-
selected light signal corresponding to one of the primary light signal or the secondary

light signal that was not selectively routed to the optical fiber sensing cable.

15.  The method of claim 14, further comprising:

receiving, from the second optical fiber sensing cable, a second reflection
signal corresponding to a reflection of the non-selected light signal; and

routing the reflection signal to a second optical detector to determine a

temperature in one of a different section of the wellbore or a different wellbore.

16.  Adistributed temperature sensing system, comprising:

an optical fiber sensing cable extending downhole in a wellbore, the optical
fiber sensing cable including an optical fiber cable having one or more sensors for
sensing temperature in a section of the wellbore;

one or more optical switches positioned in an optical path between two or
more light sources and the optical fiber sensing cable to route a primary light signal
to the optical fiber sensing cable and the secondary light signal to the optical fiber
sensing cable separate from the primary light signal, the primary light signal
corresponding to a first multiplexed signal having a first wavelength range and the
secondary light signal corresponding to a second multiplexed signal having a second
wavelength range, wherein the optical fiber sensing cable is positioned at an end of

the optical path to receive the secondary light signal from the one or more optical

21



WO 2018/093363 PCT/US2016/062291

switches and route a reflection signal corresponding to a reflection of the secondary
light signal toward the one or more optical switches, the reflection signal having a

wavelength range that matches the first wavelength range.

17.  The distributed temperature sensing system of claim 16, further comprising a
first set of lasers for generating a first set of light signals having overlapping
wavelengths that define the first wavelength range and a second set of lasers for
generating a second set of light signals having overlapping wavelengths that define

the second wavelength range.

18.  The distributed temperature sensing system of claim 16, further comprising an
optical filtering device having a common port coupled to the optical fiber sensing
cable to route the secondary light signal to the optical fiber sensing cable and
receive the reflection signal from the optical fiber sensing cable, the optical filtering
device being positioned in the optical path between the one or more optical switches

and the optical fiber sensing cable.’

19.  The distributed temperature sensing system of claim 18, wherein one switch
of the one or more optical switches is coupled to the optical filtering device at bi-
directional ports of the optical filtering device, the bi-directional ports including a first
dedicated port for receiving the primary light signal from the one switch and a second
dedicated port for receiving the secondary light signal from the one switch,

wherein the optical filtering device is operable to route the reflection signal

corresponding to the reflection of the secondary light signal to the one switch through
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the first dedicated port and a second reflection signal corresponding to a reflection of

the primary light signal to the one switch through the second dedicated port.

20.  The distributed temperature sensing system of claim 18, wherein one switch
of the two or more optical switches is communicatively coupled to both the optical
fiber sensing cable and a second optical fiber sensing cable for simultaneously
routing the primary light signal to the optical fiber sensing cable and the secondary

light signal to the second optical fiber sensing cable.
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