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(57) Abstract: Fiber optic sensors are described for detecting the operational
position of a downhole moveable device. In one example, an electric or mag-
netic field is emitted into the wellbore and interacts with the moveable assem-
bly, thereby producing a secondary electric or magnetic field. The secondary
field is detected by a fiber optic sensor which produces a corresponding re-
sponse signal. The response signal is then processed in a variety of ways to
determine the operational position of the moveable device. In another exam-
ple, the operational position is determined using fiber optic temperature or
acoustic sensors. A temperature or acoustic vibration reading is acquired be-
fore and after actuation of the moveable device. The two readings are then
compared to determine the operation position of the moveable device.
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DETECTING 4 MOVEABLE DEVICE POSITION USING FIBER OPTIC
SENSORS
FIELD OF THE DISCLOSURE
Embodiments of present disclosure generally relate to the use of downhole
moveable devices and, more particularly, to a method for detecting the operational position

of a moveable device {e.g., sliding sleeve) nsing fiber optic sensors.

BACKGROUND

Moveable devices are used dowshole to perform a number of functions. These
devices may include, for example, chokes, shiding sleaves, and other valves. Sliding sleeve
valves, for example, are used downhole to control and regulate fluid flow through tubulars.
Controlling fluid flow is important for various economic reasons. For example, shiding
sleeves can be used to shut off zones producing too much water or depleting hydrocarbons
produced by other zones. Typically, shiding sleeve valves consist of an external housing
that 1s threaded to the tubing string.  The housing has openings, known as flow ports, fo
allow fluid flow nie or out of the nbing. luside the bousing, there 15 a shding sleeve,
known as the insert, whose axial position with respect to the housing s adjustable to open
or close the flow ports.

Sliding sleeves are either mechanically or hydraulically actuated.  Mechanical
actuation mvolves using a lock that is run in the well on a wireline, coiled tubing or
shekline tool. The lock engages onto a nipple in the shiding sleeve, and 15 then used to
adust the position of the sleeve. Hydraulic actaation involves using 8 hydraulic pump at
the surface and more comphicated actuation mechanisms.

In all cases, it is highlv desirable to detect the operational condition of the sleeve
{opensclosed/partially open) after actuation. Historically, this was done by mechamcally
sensing the gap between the endpoint of the msert and the housing. Such mechanical
detection mnvolves using deployable arns and in contact measurements. It can, therefore,
be unreliable and difficult to interpret in many cases.

Methods to detect the position of sliding sleeves using magnets and wireline or
menory tools were disclosed in U.S. Patent App. Publication No. 2008/0236819 {Foster &/
aly, entitled “Position sensor for determining operational condition of downhole tool”,
and U.S. Patent No. 7,810,364 (Montgomery ¢ 9l), entitled “Memory logging system for

determining the condition of a sliding sleeve.”™ These methods mvolve disposing magnets



L

(2>
ke

By

WO 2017/200523 PCT/US2016/032688
2

in predetermined positions along the sliding sleeve housing and insert, and using a
magnetic feld detection tool, such as casing collar locator, o detect the relative position
between these magnets, from which the operational condition of the sleeve is inferred.
Another method was disclosed m US. Patent No. 7000698 (Mayen ef /), entitled
“Methods and systems for optical endpont detection of a sliding sleeve valve,” whereby
fiber optic based sensors where utihized for endpoint detection of shiding sleeves, The
optical sensors are positioned i a recess in the valve housing, and are used to detect the
stress imparted by the moving sleeve,

The drawback of all the sbove methods is that they only work for customized
sliding sleeves equipped with magnets or optical sensors or they require logging of the
tubing. This increases the cost and complexity of the sliding sleeves in new deployments,
and nmakes the detection methods unusable for existing deployments having conventional
sleeves. Moreover, the conventional methods can only detect whether the sleeve 13 in a

fully open or fully closed position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A s a sectional view of a downhole assembly used o detenmine the position
of a sliding sleeve assembly, according to certain lustrative embodiments of the present
disclosure;

FIG. 1B tllustrates the response signals of an illustrative sliding sleeve along a
continnum of fully open, intermediate, and fully closed;

FI1(. 2 1s a sectional view of a downhole assembly used 1o deternvine the position of
a shiding sleeve assembly, according to certain altemative Hlustrative embodiments of the
present disclosure;

FIG. 3 is a flow chart of method 300 in which g baseling log library is utilized,
according to certain ilostrative methods of the present disclosure;

FIGS. 4A, 4B and 4C are sectional views of a magnetic-type logging tool
positioned within a shding sleeve assembly m a fully open, partially closed, and fully
closed operational position, respectively, according to certain illustrative embodiments of
the present disclosure;

FIG. 4D depicts a log of response signal level verses depth for an open, partially

closed, and fully closed sleeve assembly;
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FIG. 4E Hustrates the electromagnetic signal level verses depth of two differential
logs (A/B) of a baseline and response log taken from FIG. 41,

FIG. 5 is a flowchart of a method for detecting the operational condition of the
sleeves using two ipn-situ ogs, according to certain dlustrative methods of the present
disclosure;

FIGS. 4A and 48 tlustrate logging tools that azimuthally detormine the operational
position of multiple sliding sleeves, according to certain Hlustrative embodiments of the
present disclosure;

FIG. & s a sectional view of a downhole assembly to detect the operational position
of a moveable device using a fiber optic temperature or acoustic semsor, according to
certain llustrative embodiments of the present disclosure;

FIGS. 7TAY7C are various illustrations of downhole assemblies described herein
used to azimathally detect the operational positions of multiple moveable devices;

FIG. 8 is a sectional view of a downhole assembly to detect the operational position
of a moveable device using electric fields emitted by an electrode, according to certain
tHustrative embodiments of the present disclosure;

FIG. 9 is a sectional view of a downhole assembly to detect the operational position
of a moveable device using electric fields emitted by a torotd, according to certain
ilustrative embodiments of the present disclosure; and

FIG. 10 diustrates a logging tool deployed along a wireline to determine the
operational position of a downhole moveable device, according to Hlustrative embodiments

of the present disclosure.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Hipstrative embodiments and related methods of the present disclosare are
described below as they might be employed in a method for detecting the operational
position of a moveable device using fiber optic sensors. In the interest of clarity, not all
features of an actual implementation or method are described in this specification. It will
of course be appreciated that in the development of any such actual embediment, numerous
unplementation-specific decisions must be made to achigve the developers” specific goals,
such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a

development effort might be complex and time-consuming, but would nevertheless be a
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routine undertaking for those of ordinary skill m the anmt having the benefit of this
disclosure.  Further aspects and advantages of the various embodiments and related
methods of the disclosure will become apparent from consideration of the following
description and drawings.

As described herein, illustrative methods of the present disclosure are divected to
detecting the operational position of @ downbole moveable device using fiber optic sensors,
Although this description discusses shiding sleeves, the present disclosvre s applicable to a
variety of moveable devices, such as, for example, chokes, valves, and other downhole
moveable devices. In an illustrative peneralized method, a fiber optic sensor is deployed
inte a wellbore g moveable assembly positioned along a tubular workstring,  An electrical
or magnetic field 15 emitted into the wellbore and interacts with the moveable assembly,
thereby producing & secondary electrical or magnetic field. The secondary field is then
detected by a fiber optic sensor which produces a corresponding response signal.  The
response signal is then processed in a variety of ways to determine the operational position
of the moveable device. In one method, the response signal itself is vsed to determine the
operational position.  In another method, the operational position is determined by
comparing a log of response signals acquired while the movesble device 18 v a non-
actuated posttion {(f.e¢, baseline log) to a log of response signals acquired while the
moveable device 18 in an actuated position (¢, response log). Note, however, as described
herein the baseline log may simply refer to a first log, while the response log refers to a
subsequent log.

In yet other embodiments deseribed herein, the operational position of a downhole
moveable device is detected using fiber optic tempesatige or acoustic sensors. In the case
of fiber optic temperature sensors, the temperature of the moveable device i1s measured
before and after actuation. The fwo lemperatare readings are then compared, whereby the
operational position is determined. In the case of a fiber optic acoustic sensor, acoustic
vibrations of the moveable device are measured before and after actuation of the moveable
device. The two acoustic vibration readings are compared, whereby the operation position
is deternyined.

The fiber optic sensors deseribed herein may be more specifically referred to as
fiber optic magnetic or eleciric field sensors. The fiber optic sensors may be permanently
ot temporarily deploved downhole. For example, the fiber optic sensors may be attached to

the outside of a tubular workstring (e.g., casing or production tebular) using clamps as the
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workstring is deploved downhole, for example. As a result, the disclosed embodiments of
the present disclosure provide real-time, interventionless detection, since the detection may
be achieved via permanently deploved sensors. As a result, in this illustrative method, no
logging operation is required. Also, no substantial changes in the design of existing shiding
sleeves are veguired to accomimodate the sensors described hersin. Moveover, multiplexing
glong the same fiber optic line may be used fo accommodate muliiple sensors which
monitor multiple valves. As a result, there 15 no need for active electronic components and
circuits downhole.  Additionally, the illustrative embodiments described herein may be
integrated and operated with a variety of other optical sensor systems, such as, for example,
distributed acoustic or temperature optical sensors.

Furthermore, although the description focuses on the use of magnetic figld
trapsmittersfreceivers, other types of wansmiftersfreceivers may be used, such as, for
example, eleciric or electromagnetic field ansmiters/receivers. Such an alteration would
be readidy understood by those ordinarily ckilled in the art baving the benefit of this
disclosure.

FIG. 1A is a sectional view of a downhole assembly used to determine the position
of a sliding sleeve assombly, according to certain llustrative embodiments of the present
disclosure. In FIG. 1A, sliding sleeve assembly {eg., valve) 10 is shown in the open
position, and consists of an external housing 12, a shiding sleeve 14, and flow ports 16,
Housing 12 i3 threaded to a tubing string 1§, sach as, for example, a casing string or
production string, which is filled with tubing fluids. Sliding sleeve assembly 10 may
contain other mternal components, such as, for example, top and bottom mterpal collars
{not shown} used to himit the stroke of the sliding sleave,

According to one tllustrative embodiment of the present disclosure, a magnetic field
fransmutter 20 {e.g., a transmitting cotl) 15 wrapped around shding sleeve housing 12,
Transmitter 20 is excited from the surface using power cable 22, Alhough not shown, in
alternative embodiments, multiple transmitier coils may be affixed to multiple sliding
sleeve assemblies, connected i series and excited using the same power cable
Nevertheless, in certain embodiments, when operated at low frequencies (e, 10-1000
Hz}, the wansmitting coul 20 geperates magnetic fields that are guided through the
magnetically permeable steel walls of housing 12 and sliding sleeve 14,

A magnetic field receiver 24 {(e.g., a pick-up coil} is wrapped around housing 12 at

a distance of, for example, ~0.5 ft from transmitter 20. The voltage across the terminals of
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recaiver 24 is proportional to the magnetic flux density traversing receiver 24, As the
thickness of the magnetically permeable steel walls adjacent receiver 24 imcrease in
thickness, the magnetic flux density also increases. The magnetic flux density will, in part,
be generated by a secondary magnetic field indoced in sleeve 14 as a result of s
interaction. with the magnetic field emitted from transmitter 20, Therefore, the signal
recetved at receiver 24 mayv be used to deternune the operational posttion of shiding sleeve
14 with respect to the momitoring coils {ie, transmitter 20 and veceiver 24).  This
operational position may be fully open, pariially open, or closed.

For example, when sleeve 14 is in the fully open position as shown is FIG, 1A, a
maximum response signal is detected.  As sleeve 14 slides downwards towards a fully
closed position, the measured signal decreases. FIG. 1B illustrates this principle, as 1t
shows the response signals of an ilustrative shiding sleeve along a continaum of fully open,
intermediate, and fully closed. Part of this response signal is due to stationary features in
shiding sleeve assembly 10, such as housing 12, flow ports 16 and other stationary internal
components. This portion of the response signal is independent of the sliding sleeve
position. However, another portion of the response signal is due to sliding sleeve 14; this
portion of the respouse signal varies with the position of shiding sleeve 14, In general, for
any sleeve position, there exists a wnque response signal pattern {Ze., signature) which is
the combination of response signals due to stationary and movable featiwes m shding
sleeve assembly 10,

To fully describe the disclosed embodiment, the terminals of the receiver 24 are
coupled to fiber optic sensor 26, In one ithustrative embodiment, fiber oplic sensor 26
consists of an electromechanical wansducer {g.g., a piezoelectric transducer) that is bonded
to fiber optic cable 28, The voltage potential across the termmals of receiver 24 15 applied
fo the fransducer of fiber optic sensor 26, As the electro-mechanical transducer deforms
due to the applied potential, it induces strain mn optical fiber 28 bonded to i, thus producing
a response signal o cable 28 which can be interrogated at the surface with a light detection
undt using, for example, using a variety of methods. Thus, the illustrative embodiment
eliminates any need for multiplexing cicultry downhole.  Also, note the iHustrative system
is operated such that the strain (and, thus, the response signal} is linearly proportional to the
applied potential.

In another illustrative embodiment (not shown}, the receiver and eleciromechanical

transducer of FIG. 1A may be replaced with 8 magnetosivictive material bonded to fiber
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optic cable 28. Examples of magnetostrictive matertals include, for example, cobals,
nickel, and wron metals and thewr alloys, eg, metglass and Terfenol-D. As the
magnetostrictive material deforms due to the incident, or secondary, magpetic field, it
induces strain in optical fiber 28 bonded to it thus resulting m a response signal in the fiber
that can be interrogated at the surface, the downhole environment, or some other remote
location.  In corfain embodiments, the mapgneiostrictive sensors are packaged
electromagnetic compatible high pressure, bigh temperature packages that are comnected to,
for example, a fiber optic tubing encapsulated cable ("TEC™) (i.e., fiber cable 28), and
clamped to the wbing I8 as it is being deploved. Examples of such packaging materials
include Inconel and BeCu.

As shown in FIG. 1A, response signals from other fiber optic sensors (at differemt
axtal locations along tubing 18) can be communicated over the same fiber optic cable 28
Also, their respective transmitters 22 can also be powered via cable 22, Alternatively, they
may be powered using a local battery or some other downhole sowrce. Response signals
from different receivers are discriminated at the swrface using various fiber optic
anddtiplexing and interrogation technigues, as will be understood by those ordinarity skilled
in the grt having the benefit of this discloswee,

FIG. 2 is a sectional view of a downhole assembly used to determine the position of
a shding sleeve assembly, according to certain alternative dllustrative embodiments of the
present discloswre.  The embodiment of FIG. 2 is similar to that of FIG. 1A, as like
numerals refer to like elements. However, in FIG. 2, the fransmitting coil of FIG. 1A is
replaced with a permanent magoet 30 affixed to the outside of shiding sleeve housing 12
In this embodiment, shiding sleeve 14 must be pre-magnetized by actuating it several times
up and down {i.e., between openfelosed positions). As sleeve 14 shides past magnet 30, the
magnetic field emitted from magnet 30 magnetizes sleeve 14, thus producing a secondary
magnetic field 1o sleeve 14, In this example, fiber optic magnetic field sensor 32 is a
magnetostrictive material bonded to fiber 28 that detects the differential increase in
magnetic fields as the magnetized sleeve 14 comes adjacent to sensor 32, Also, in this
embadiment, a fiber optic sensor 32 s extended to have the same length as shding sleeve
14, As a result, the detected response signal is proportional to the length of sleeve 14
overlapping with extended sensor 32, An example sleeve response will follow the signal

response level dlustrated in FIG. 1B,
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To detect the operational condition of a moveable device, a pre-deplovment
characterization of the moveable device response can be made in certain dlustrative
methods.  Accordingly, FIG. 3 is a flow chant of method 300 i which a baseline
responsedog ibravy is viilized. In order to eliminate the ambiguity with an m-situ baseline
respense/log, pre-deplovment surface characterization of the sleeve response, mcluding
sleeve geometry, can be made and stored in a baseline library. According to this alternative
method, a database (ie, baseline responsefog hbrary) is created which includes the
magnetic responses of the sleeve at all operational positions {block 302}  After
deplovment, the sleeve is actuated at block 304, To detect the operational position of
deploved sleeves, only one response log is made {no in-situ baseling log is needed in this
case) af block 306, At blogk 308, the response of each sleeve in the log is inverted for the
operational position of that sleeve. Inversion may be performed in a variety of ways,
including, for example, performing pattern recognition techniques between the measured
response and those stored in the library. Note that different hibraries with be required for
different types of sleeves. Therefore, in this method, the type of sleeve used downhole
needs to be known a priort {0 1n order to apply the correct database for inversion.

The methods described herein may be performed using processing circnitry located
at the surface, along the downhole assembly, or forming part of the downhole assembly
itself. The processing circuitty may be embodied as a hight detection unit that, among other
functions, confrols the operation of a light sowrce, recetver, efc,, as well as the processing
of the received backscattered light signals (Le., response signals) for determination of
operational posttions of the moveable devices. Regardless of the position of the processing
circutiry, it is communicably coupled to the transmittingfrecetving coils and fiber optic
sensors using any desired communication technique.  Although not shown, the processing
circuttry may include at least one processor, a non-transtiory, computer-readable storage
{also referred to herein as & “compuoter-program  product”™), transceiver/network
communication module, optionat FO devices, and an optional display {(e.g., user interface},
all interconnected via a system bus. Software mstructions executable by the processor for
anplementing the Hlustrative methods described herein, may be stored i the local storage
medizm or some other computer-readable medram,

Moreover, those ordinarily skilled i the art will appreciate that embodiments of the
disclosure may be practiced with a variety of computer-system configurations, including

hand-held devices, multiprocessor systems, microprocessor-based or programmable~
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consumer electronics, mumcomputers, mainframe computers, and the ke, Any number of
computer-systems and computer networks are acceptable for use with the present
disclosure.  Embodiments of the disclosure may be practiced in distributed-computing
envvironments where tasks are performed by remote-processing devices that are linked
through a communications network. In a distributed-computing environment, program
modales may be located in both local and remote computer-storage media including
memory storage devices. The present discloswre may therefore, be implemented in
connection with various hardware, software or a combination thereof in a computer system
or other processing system,

In other illustrative methods described herein, a logging tool is wsed to determine
the operational position of @ moveable device, such as, for example, a shiding sleeve. In
such methods, a baseline log is recorded before the sleeve is actuated.  After partial or
complete actuation, another log {iL.e., response log) 1s recorded. Companison of the two
fogs enables the detection of the distance the sleeve moved after actuation. Given the
dimensions of the sleeves and the maximam displacement they can move, the distance the
sleeves moved after actuation relative to the baseline i3 correlated to the operational
condition of the sleeves {opendclosed/partially open).

In the methods described herein, the baseline log may be generated in 8 variety of
ways. For example, the baseline log can be made at the surface before deployment when
the operational position of each sleeve 15 known. As such, the distance the sleeve moved
after actuation relative to the baseline can be precisely related (e.g., using inversion) to the
operational position of the sleeves. In other methods, the baseline log may be taken from a
Hbrary of baseline logs compiled before deployment of the sleeve. In yet another method,
the baseline log may be generated downhole in the wellbore before the sleeve 1s actuated.

FIGS. 4A, 4B and 4C are sectional views of & magnetic type logging tool positioned
within a sliding sleeve assembly in a fully open, partially closed, and fully closed
operational position, respectively, according to certain illustrative embodiments of the
present disclosure. The embodiments of FIGS. 4A-C are similar to that of FIG. 1A, and
thus like numerals refer to Hke elaments. In this embodiment, however, the transmitter 18
mounted on a Jogging tool and any of the fiber optic sensors described herein can be used
as the recetver. Shding sleeve assembly {e.g, valve) 10 consists of an external housing 12,
a shiding sleeve 14, and flow ports 16, Housing 12 is threaded to a tubing string 18, such

as, for example, a casing string, which is filled with tubing fluids. Slhiding sleeve assembly



L

(2>
e

By

WO 2017/200523 PCT/US2016/032688
10

10 may contain other internal components, such as, for example, top and bottom internal
collars {not shown) used to Bt the stroke of the sliding sleeve.

Sull referring to FIGS. 4A-4C, a magnetic-type logging tool 33 is suspended from
wirehine 36 and postttoned inside shiding sleeve assembly 10 (shown m an open-position in
FIG. 4A).  Loguing tool 33 includes a tool body 38 deploved along a wireline 36,
centealizers {not shown), and one or more magnetic field ransmitting coils 34, Although
iltustrated as one coil, note that the transmitting coil may be one or move separate coils.
After the magnetic fields are emifted by coil 34, receiving coil 24 detects the secondary
magnetic field which, again, alters the voltage potential and deforms the wansducer of fiber
optic sensor 26. The deformation then produces strain in cable 28, which then produces the
response signals, as previously described. Thereatter, the response signal is communicated
via cable 28 1o a light detection unit and converted by on-board or remote processing
circuitry to determine the operational position of the shding sleeve.

As magnetic logging tool 33 1s logged past sliding sleeve assembly 10, a change in
the recorded signal (log) is witnessed, reflecting the change in diameter and wall thickness
of sliding sleeve assembly 10 from that of the tubing. Such a change is reflected in FIG.
4D, which shows a log of the response signal level verses depth for an open (FIG. 4A),
partially closed (FIG. 4B}, and fully closed (FIG. 4C) sleeve assembly. Part of the sleeve
response i3 due to stationary features of tubing 18 or sliding sleeve assembly 10, such as
housing 12 and other stationary internal components.  The stationary features are
mdependent of the sliding sleeve position. Another portion of the sleeve response is due to

g sleeve response). The sliding sleeve response varies with the

S o

shiding sleeve 14 (ie., shidin
position of shding sleeve 14, as indicated by the 3 dotted lines showing the alignment of
sleeve 14 in FIGS. 4A-4C wath their respective signal levels in FIGS. 4D-4E. In general,
for any sleeve position, there exists a unigpe signal patiern {f.e., signature) which is the
combination of signals due to stationary and movable features i sliding sleeve assembly
10

Although not shown, an intervention tool may be positioned above logging tool 33.
The mnfervention ool is utilized to actuate shiding sleeve 14 between open and closed
positions.  The intervention tool is comprised of non-conducting material on the outside to
avoid shorting of cwrrent, and may include a vanety of actuation mechanisms, such as, for
example, “catching” mechanisms actpated with shear or release forces, “collet”

mechanisms that are actuated based on applied pressure which in combination with tool
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weight exceeds the threshold for releasing. In other methods, however, the sliding sleeves
described herein may be actuated remotely.

Therefore, n order to detect the operational condition of shiding sleeve 14, in
certain methods, a baseline log 15 first recorded betore sleeve 14 15 actuated {eg., open
sleeve log of FIG. 4D). After actuation, a second log {Le., response log) Is recorded and
compared with the baseline log (in FIG, 4D, the response fog may be the partially closed or
closed sleeve logs). The distance sleeve 14 has travelled upon actuation can be detected by
comparing the two logs, In certain llustrative methods, the amplitude of the two logs s
normalized to elimingte any drifts in the signal level from one measurement to the other,
For this normalization, a flat response of the tubing can be wilized.

In order to extract the sleeve displacement from the comparison of the baseline and
response logs, both logs have to be well aligned (with respect to the true depth). In certain
methods, alignment may be accomplizshed by aligning parts of the sleeve assembly response
signal that are due to stationary features. In FIG. 4D, for example, this may be the portion
of the response log representing the stationary hounsing 12, This is an accurate method by
which to align since it relies on features in sliding sleeve assembly 10 m close vicinity to
shding sleeve 14, and hence t 15 less valnerable to depth drifts in the measured logs. When
logging a sleeve assembly having multiple sleeves, the alignment process can be done for
each sleeve independently if needed.

In an alternate method, the baseline and response logs may be aligned by using
features in the hosting tubing 18, such as collars, for example. The closest collar to each
steeve 14 can be used to locally align the logs at the respective sleeves. This method works
accuraiely as long as the collars are within sufficiently small distances {e.g., ~30 f1. or less)
from sleeves 14

In yet another method, the baseline and response logs may be ahgued nsing features
in the wellbore formation logged by tool 33, which has the capability to look behind the
tubing and the casing, such as a ganma tool, for example. If 4 gamma tool 1s included in
the loggping tool string, ganmma logs i the vicinity of each sleeve assembly 10 can be used
to locally align the logs at the respective sleeves 14,

{Once the baseline and response logs are aligned, they are compared to detect the
displacement of shiding sleeve 14, In certain illustrative methods, the comparison may be
performed by subtracting the baseline log from the response log. FIG. 4E illustrates the

response stgoal level verses depth of two differential logs (A/B) of a baseline and response
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tog taken from FIG. 4D, Note, again, that the baseline log may simiply be a first log, while
the response log 13 a second log. In FIG. 4E, two differential logs are shown; however,
only one differential log is needed to determine the operational position of the sleeve. The
differential logs reflect the differential response between two logs {any first baseline and
second response log) of FIG. 4D For example, the bassline and partially closed logs of
FIG. 4D may be reflected in ove of the differential logs of log of FIG. 4E. Reviewing FIG.
4E, it can be seen that the operational position of the sleeve of differential log A has
travelled a distance of 1 feet, while the sleeve of differential log B has tavelled a distance
of .5 feet.

(iven the dimensions of the sleeves and the maxmmum displacement they are
allowed to move, the distance the slegves move afler actuation relative to the bhaseline can
be related to the operational condition of the slesves {e.g., open/closedpartially open). If
the distance travelled by the sleeve i3 equal to the maximum displacement the sleeve can
maove, then the operation condition of the valve can be precisely detenmined as either fully
open or folly closed. Otherwise, if the distance travelled by the sleeve is less than the
maximum displacement, the operational condition of the valve cannot be determined unless
the baseline condition 18 known., Once the baseline 1s known, the distance the sleeve hag
traveled can be correlated to the true depth, and then the operational position of the sleeve
can be determined.

Therefore, 1 cettain tllustrative methods of the present disclosure, the initial
operational position of the sliding sleeves can be determined with high depree of certamnty
by actuating the sleeves several times to either fully open or fully closed position (for
example, in mechanically actuated sleeves, the lock iz engaged and hammersd several
times to make sure that the sleeve 1s open or closed). After this 1s done, the shiding sleeve
assembly is fogged to establish the basehine log. Note that, in certain methods, this baseline
log can be generated at the surface before the sleeve assembly is deploved, or this fog can
he performed downhole after the sleeve assembly has been deployed. A known baseline
can be also be achieved by using more conventional (but less reliable and accwate)
methods of measuring the shiding slegve movement such as by monitoring the changes in
the pressure of the well as a function of time. After the baseline measarement is performed,
position of the sleeve can be tracked by adding together the displacements that are

measured.
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FIG. § is a flowchart of a method 300 for detecting the operational condition of a
moveable device (eg., shiding sleeve} using two in-situ logs, according fo certain
tlustrative metheods of the present disclosure. Shding sleeves are typically in the order of
3-5 fi. Therefore, in certain methods, to detect the sleeve position accurately, the tool is
logged in steps of 0.5 L or less. As previously stated, the operational position of a variety
of moveable devices may be determined using the methods described herein. Such devices
may inclode, for example, a gas choke or sliding sleeve. Thus, in method 500 a sliding
sleeve is described. After the magnetic-based logging tool has been deploved downhole,
method 500 bepins with estimating the initial operational position of the sliding sleeve
{e.g., fully closed or open). At block 502, the logging tool logs the sliding sleeve assembly
to generate the baseline log. At block 504, the sieeve is then actusted to another
operational position using, for example, an intervention tool or some reinofe means {(e.g.,
hydraulic tine}. At block 506, the logging too} then logs the sleeve assembly a second time
to generate the response log. At block 308, the baseline and response logs are normalized
and aligned. At block 5310, the baseline and response logs are subtracted, whereby the
displacement of the sleeve 1s determined (as described m relation to FIG. 4E). At block
512, the operational position of the sleeve is then determined.

FIG. 6 1s a sectional view of a downhole assembly to detect the operational position
of a moveable device using a fiber optic temperature or acoustic sensor, according to
certain dlustrative embodiments of the present disclosure. The embodiment of FIG. 6 1s
stimilar to other embodiments described herein, as hike numerals refer 1o like elements.
However, in FIG. 6, fiber optic distributed temperature sensing ("DTR) 15 used to detect
the operational condition of the sliding sleeve valve by monitoring the change in temperate
associated with opening or closing the valve. In this embodiment, 8 fiber optic temperature
sensor 40 acquires a baseline DTS measurement before sleeve 14 15 actuated. This baseline
measurement will be proportional to the temperature of the rock matrix at locations where
sleeve 14 1s closed, and will be proportional to the temperature of the fluids flowing into
tubing 18 at locations where sleeve 14 is open. Upon sleeve actuation, a slight change in
temperature will be witnessed as a result of the change in the flaids flow rate. Typcally,
the DTS systems can locate the temperature to a spatial resolution of m with a resphution
of 0.01°C. In certain Hustrative methods, the operational position of the actuated sleeves
can be determined by comparing the post-actuation distributed temperature response

signal/log with the baseline response signal andfor log.

o=
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In an alternate embodiment, still referning to FIG. 6, fiber optic distuibuted acoustic
sensing may be used to detect the operational condition of moveable devices by montioring
the acoustic vibrations associated with opening or closing the moveable devices. Fiber
optic acoustic sensors effectively turns fiber cable 28 into a series of geophones (or
microphones) to identify fluid densittes, fluid migration, and casing leaks, or for eatly
detection of equipment wear or fatlure. In this embodiment, the operational condition of
the actuated sleeve 14 may be detenmined by comparing the post-actuation distributed
acoustic response with a baseline acoustic response.

Referring back to FIGS. 4A-4E, an illustrative model of the present disclosure was
conducted and will now be described. The following model parameters were used;

1. Tubing: 57 OD, 0.2° thick, carbon steel (conductivity = 107 Sim, relative

permeability = 100},

:{x}

Shiding sleeve housing: 527 OD, 0.27 thick, 5 fi. long, carbon steel.

3. Shiding sleeve msert: 4.8 O, 0.27 thick, 2 fi. long, carbon steel.
4. Internal collars: 4.87 0D, 0.057 thick, 0.5 ft. long, carbon steel.
5. Transmitterfreceiver coils: 27 diameter, 67 long. 100 toms, injected current =

0.1 AL

6. Tubing fluid resistivity = 100 Ohnun,

7. Freguency = 100 Hz.

8. Logging vertical resolution = 0.1 &

The baseline and the post-actuation logs {/.¢., response log) are shown in FIG. 4D
after alignment and pormalization. The differential logs obtained, by subtracting off the
haseling, are shown in FIG. 45, The widih of the differential signal corresponds to the
sleeve displacement (1 foot for differential log A, .8 feet for differential log B m FIG. 4E)

The signals shown i FIG. 4D are obtained in the frequency-domain, and represent
the total signal (direct signalt tubing and sleeve signals). Alternatively, measurements can
be acquired in the time-domaimn by transmitting transient pulses and measuring the decay
response versus time.

FIGS. 7A-7C illustrate azomuthally sensittve downhole assemblies to detect the
position of moveable devices, accordingly to certain ilustrative embodiments of the
present disclosure.  Downhole assemblies of FIGS., TA-YC are similar to previous
embodiments described herem and, therefore, may be best understood with reference

thereto, where like numerals indicate like elements. However, i this embodiment,
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multiple sleeves exist withm the same assembly to mdependently control flow from
different ports. Azimuthal detection of the operational condition of multiple sleeves 14A
and 148 can be achieved by positioning multiple azimuthally distributed fiber optic sensors
42A-N, which may be any of the sensors described heremn. This array of sensors 42A-N
can be mounted on one fiber optic line, as in FIGS. 7A and 7B, or multiple fiber optic lines
as in FIG, 7C. In FIG. 7A, sensors 42A-N are shown in @ hehical shape, while FIG. 7B
shows the seasors in a serpentine shape, and FIG. 7C shows an array of sensors on multiple
fiber cables.

These azimuthally sensitive embodiments provide a 2-D {axial and aszimuthal)
image of the inside of the tubing. This image reflects any vaniation in the immer digmeter or
thickness of the wbing, from which the operational position of different sliding sleeves (at
different azimuthal andior axial locations} can be detected using the same processes
described herein.

FIG. 8 13 a sectional view of a downhole assembly to detect the operational position
of a moveable device using electric flelds emiited by an elecivode, according fo cerfain
Hlustrative embodiments of the present disclosure. The embodiment of FIG. 8 is similar to
other embodiments described heretn, as hke numerals refer o like elements. However, in
Fi1G. 8, electric fields are emitted using one or more injection electrodes 44 positioned
along housing 12 adjacent to sliding sleeve 14, The electric field emitted by electrode(s) 44
produces a current 46 along sliding sleeve 14, which in turn produces a secondary electric
field emitted from sliding sleeve 14. The secondary electric field are then received using a
pair of receiving electrodes 48a and 48b positioned along housing 12 adjacent to sliding
sleeve 14, The received secondary electric felds produce a voltage potential beiween
recetving electrodes 48a and 48b. The voltage potential then deforms a transducer {e.g.,
prezoelectric transducer) coupled to receiving electrodes 48a and 48b. In this example, the
transduocer is the fiber optic sensor 26, The deformation of sensor 26 induces a strain in
optic fiber 28, thereby generating the response signal which is interrogated remotely (e g,
uphole) to determine the operational position of sliding sleeve 14,

FIG. 9 13 a sectional view of a downhole assembly to detect the operational position
of a moveable device using electric flelds emutted by a toroid, according to cerfain
illustrative embodiments of the present disclosure. The embodiment of FIG. 9 is simular to
other embodiments described herein, as hike numerals refer to like elements. However, in

FIG. 9, logging tool 50 is suspended from wireline 36 and positioned inside sliding sleeve
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assembly 10 (shown in an open-position). Logging tool 50 includes a tool body 38,
centralizers (not shown), and a transmitting toroid 52 for emitting electric fields. The
emitted electric fields mteracts with shiding sleeve 14 to produce secondary electric fields
which are then detected by a receiver torotd 54 wrapped around housing 12 adjacent stiding
sleeve 14, The received sscondary electric fields produce a voltage potential within
recetver toroid 54, which s then used to deform the transducer of fiber optic sensor 26,
Again, the deformation induces a strain in optical fiber 28, thereby producing the respouse
signal used to determine the operational position of shiding sleeve 14,

In yet another altemative embodiment using electric fields, the secondary electric
fields may be received using an electrostrictive element-based fiber optic sensor positioned
adjacent to the moveable device. Onge received, the electrostrictive element will deform,
thereby inducing strain in the optical fiber. The induced strain then produces the responss
signals used to determine the operational position of the sliding sleeve.

FIG. 10 illustrates a logging tool deploved along a wireline to determine the
operational position of a downhole moveable device, according to iHustrative embodiments
of the present disclosure. As shown m FIG. 10, a wireline tool string 1052 (e g, magnetic~
type logging tool of FIG. 4) as described heremn can be lowered into borehole 936 by a
cable 1050 1o detect the operational posttion of a moveable device 1044 {e.g., sleeve). In
some emboduments, cable 1050 ncludes conductors andfor optical fibers for transporting
power to wireline tool string 1052 and data‘communications from wireline tool string 1052
to the surface. It should be noted that various types of formation property sensors can be
included with wirelime tool string 1052, In accordance with the disclosed moveable device
position detection techniques, the illustrative wireling tool string 1032 nclades logging
sonde 10534 with the necessary transmitting cotl, for example to emit magnetic fields as
described herein.  Although not shown, the receiving coil (posittoned around moveable
device 1044) detects the secondary magnetic field to deform the transdocer of the fiber
optic sensor (not shown) along moveable device 1044 to produce the response signal, as
described above. The response signal is then conmmunicated uphole to a processing facility
1038 {e.g, wireline logging facility) whereby the operational position of device 1044 is
determined using computing facility 1039,

In yet other alternative embodiments, the logging tools described herein may be
conveyed downhole using, for example, slickline, downhole tractors, coiled tubing, or other

tubulars.
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Accordingly, the illustrative embodiments and methods described herein provide a
variety of advantages. First, for example, the disclosed methods do neot requite any
customized sleeves or any modifications to existing sleeves, as the fiber sensors can be
clamped or otherwise affixed to the tubvlars. Second, the disclosed methods provide a
real-time, interventionless detection method whereby no logging tools are required. Third,
logging imagers can be used to detect the operational condition of different azimuthally
distriboted sleeves. Fourth, the disclosed methods obviate any need for mechanical sensing
of the gap between the endpoint of the insert and the housing, as such conventional
mechanical sensing can be unreligble and difficuls to nterpret.  Fifth, the displacement of
the sleeves can be detected using simple processing; no sophisticated mversion is needed.

Embodiments described herein further relate to any one or more of the following
paragraphs:

i A method for detecting a position of a downhole moveable device, the
method comprising emitting electric or magnetic fields into a wellbore which interact with
a moveable device to produce secondary electric or magnetic flelds; using a fiber optic
sensor, detecting the secondary electric or magnetic fields and thereby generating response
signals; and determining an operational position of the moveable device using the response
signals.

2. A method as defined in paragraph 1, wherein the magnetic fields are emitted
using a transmutter coil positionsd adjacent to the moveable device; and detecting the
secondary magnetic fields comprises: receiving the secondary magnetic fields using a
receiver cotl positioned adjacent to the moveable device, thereby generating a
corvesponding voltage potential in the receiver; using the voltage potential, deforming a
transducer coupled to the receiver coul and an optical fiber; and using the deformation,
inducing strain in the optical fiber {o thereby generate the response signals.

3. A method as defined in paragraphs 1 or 2, wherein the magnetic fields are
ermitted using a transmitter coil posttioned adjacent to the moveable device; and detecting
the secondary magnetic flelds comprises: receiving the secondary magnetic fields using a
magnetostrictive element posttioned adjacent to the moveable device, thereby deforming
the magnetostrictive element; using the deformation, inducing stram in an optical fiber
coupled to the magnetostrictive element to thereby generate the response signals.

4. A method as defined in any of paragraphs 1-3, wheremn the magnetic fields

are emitted using a magnet positioned adjacent to the moveable device; and detecting the
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secondary magnetic fields comprises receiving the secondary magnetic flelds using a
magnetostrictive element positioned adjacent to the moveable device, thereby deforming
the magnetostrictive element; using the deformation, inducing strain in an optical fiber
coupled to the magnetostrichive element to thereby generate the response signals.

3. A method as defined in any of paragraphs 1-4, wherein the magnetic fields
are emtited using g maguet positioned adjscent to the moveable deviee; and detecting the
secondary magnetic flelds comprises: receiving the secondary wagnetic fields using a
receiver coil positioned adjacent to the moveable device, thereby generating a
corresponding voltage potential in the receiver; uysing the voltage potential, deforming a
transducer coupled to the receiver coil and an optical fiber; and using the deformation,
inducing strain in the optical fiber to thereby generate the response signals.

&, A method as defined in any of paragraphs 1-5, wherein the electric fields are
emitted using a transmitter toroid positioned adjacent {o the moveable device; and
detecting the secondary electric fields comprises: receiving the secondary electric fields
using a receiver toroid positioned adjacent to the moveable device, thereby generating a
corresponding  voltage potential in the receiver torowd; using the voltage potential,
deforming a transducer coupled to the recetver torotd and an optical fiber; and using the
deformation, inducing strain in the optical fiber to thereby generate the response signals.

7. A method as defined i anv of paragraphs 1-6, wherein the electric fields are
entitted using a transmitter toroid positioned adjacent to the moveable device; and
detecting the secondary electric fields comprises; receiving the secondary electric flelds
psing an electrostrictive element positioned adjacent to the moveable device, thereby
deforming the elecirostrictive element; wsing the deformation, inducing strain in an opiical
fiber coupled to the electrostrictive element to thereby generate the response signals.

8 A method as defined in any of paragraphs 1-7, wherein the electric felds are
emitted using at least one electrode positioned adjacent to the moveable device; and
detecting the secondary electric fields comprises: receiving the secondary electric fields
using a pair of electrodes positioned adjacent to the moveable device, thereby enerating a
corresponding voltage potential in the electrodes; using the voltage potential, deforming a
transducer coupled to the electrodes and an optical fiber; and using the defornwtion,
inducing strain in the optical fiber to thereby generate the response signals.

9. A method as defined in any of paragraphs 1-8, wheremn the magnetic fields

are emitted using a transmitting coil of a logging tool; and detecting the secondary

Poches
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magnetic fields comprises receiving the secondary magnetic fields using a recerver coil
positioned adjacent to the moveable device, thereby generating a corresponding voltage
potential in the recetver; using the voltage potential, deforming a transducer coupled to the
receiver coil and an optical fiber; and using the deformation, inducing strain in the optical
fiber to thereby generate the response signals.

10, A mcthod as defined in any of paragraphs 1-9, wherein the electric fields are
emitted using a transmitting tovoid of a logging tool; and detecting the secondary electric
fields comprises: receiving the secondary electric fields using a receiver toroid positioned
adjacent to the moveable device, thereby generating 8 corresponding voltage potential in
the receiver toroid; using the voltage potential, deforming a wransducer coupled to the
recetver toroid and an optical fiber; and using the deformation, inducing steain n the
optical fiber to thereby generate the response signals.

11, A method as defined in any of paragraphs 1-10, wherein determining the
operational position comprises: using the response signals {o generate a response log of the
moveable device at one or more operational positions; comparing the response log with a
baseline log of the moveable device; and determining the operational position of the
moveable device based upon the comparison,

12, A method as defined 1w any of paragraphs 1-11, wherein the bascline log 1s
generated at a surface location.

13, A method as defined m any of paragraphs 1-12, wherem the baseline log is
generated within the wellbore,

4. A method as defined in any of paragraphs 1-13, wherein the baseline logis
generated before the moveable device i3 actuated; and the response log is generated after
the moveable device 1s actuated.

1S, A method as defined m any of paragraphs 1-14, wherem comparing the
response log with the baseling log comprises using a pattern recognition technigue fo
perform the comparison.

16, A method as defined i any of paragraphs 1-15, wherein comparing the
response log with the baseline log comprises using an inversion technique to perform the
COMPATISen.

17. A method as defined in any of paragraphs 1-16, further comprising aligning

the response log and baseline log with respect to true depth.
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18, A method as defined in any of paragraphs 1-17, wherem the moveable
device i3 a sliding sleeve that forms part of a shiding sleeve assembly| and the alignment is
achieved by aligning portions of the response log and baseline log representing stationary
features of the sliding sleeve assembly.

19 A method as defined in any of paragraphs 1-18, wherein the alignment is
achieved by aligning portions of the response log and bascling log representing fatures of
a tubing along which the moveable device is positioned.

26, A method as defined in any of paragraphs 1-19, wherein the feature 5 g
collar,

21, A method as defined in any of paragraphs 1-20, wheretn the alignment s
achieved by aligning portions of the response log and baseline log representing a wellbore
formation.

22, A method as defined in any of paragraphs 1-21, wherein the moveable
device 1s a shding sleeve that forms part of a sliding sleeve assembly.

23, A metbod as defined in any of paragraphs 1-22, wherein determining the
operational position comprises using the response signals to generate a response log of the
moveable device; comparing the respouse log to a baseline log hibrary, the baseline log
Hbrary containing logs having response signals of the moveable device at a plurality of
operational positions; and determuning the operational position of the moveable device
based upon the comparison,

24, A method as defined in any of paragraphs 1-23, wherein deteomining the
operational position comprises azmmuhally determuning the operational posttion of a
plurality of moveable devices.

25, A method as defined m any of paragraphs 1.24, wheremn multiple
azimuthally distributed fiber optic sensors are utihized to determine the operational posiiion
of the moveable devices.

26, A method as defined in paragraph 1-25, further comprising generaling an
tmage of downhole tubing based upon the azimuthally determined operational position of
the moveable device.

27, A method as defived W any of paragraphs 1-26, whevein the moveable
device is positioned along a tubular workstring: and fiber optic sensor is positioned outside

the tubular workstring.
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28, A method as defined in any of paragraphs 1-27, wherem determining the
operational position comprises determining a partially open operational position of the
moveable device.

28, A downhole assembly to detect a position of a moveable device, the
assembly comprising an slecttic or magnetic field emitting device positioned adjacent a
ntoveable device forming part of a tubular workstring, wherein the emitting device emits
electric or magnetic fields that interact with the moveable device to produce secondary
electric or magnetic fields; and a fiber optic sensor positioned oniside the twbular
workstring, wherein the fiber optic sensor detects the secondary electric or magnetce fields
and thereby produces response signals used to determine an operational position of the
moveable device.

30, A downhole assembly as defined in paragraph 29, wherein the emitting
device 18 a transmitting coil or toroid positioned around the tubalar workstring: and the
fiber optic sensor comprises: a receiving cotl or toroid positioned around the tubular
workstring; a transducer coupled to the receiving coil or toroid; and a fiber optic cable
coupled to the transducer.

31, A downhole assembly as defined in paragraphs 29 or 30, wherein the
cemitting device 1s a Wransmitting cotl or toroid positioned around the tubular workstring;
and the fiber optic sensor comprises: a magnetostrictive or electrostrictive element; and a
fiber optic cable coupled to the magnetostrictive or electrostrictive element,

32. A downhole assembly as defined in any of paragraphs 29-31, wherein the
emitting device is a magoel positioned around the twbular workstring; and the fiber optic
sensor comprises a magnetosirictive element; and a fiber optic cable coupled io the
magnetostrictive element.

33, A downhole assembly as defined tn any of paragraphs 29-32, wherein the
ermitting device is a magnet positioned around the tubular worksiring; and  the fiber optic
sensor comprises a receiving coil posttioned around the tubular workstring; a transducer
coupled to the receiving coil; and a fiber optic cable coupled to the transducer.

3. A dowsnhole assembly as defined in any of paragraphs 29-33, wherein the
emitting device is a fransmitting cot! or toroid positionsd along a logging teol deploved
along the tubular workstring: and the fiber optic sensor comprises: a receiving coil or toraid
positioned around the tubular workstring, a transducer coupled to the receiving coil or

torowd; and a tiber optic cable coupled to the transducer.
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35, A downhole assembly as defined m any of paragraphs 29-34, wheren the
moveable device is a sliding sleeve.

36. A downhole assembly as defined in any of paragraphs 29-33, further
comprising multiple fiber optic sensors azimuthally distributed around the tsbular
workstring.

37, A downhole assembly as defined tn any of paragraphs 29-36, wherein the
emitting device is a transmitting coil positioned around the tubular worksiring,

38 A downhole assemibly as defined in any of paragraphs 29-37, wherein the
emitting device is a magnet positioned around the tubular workstring.

39, A downhole assembly as defined in any of paragraphs 29-38, wherein the
tubular workstring is a casing or production tubular,

40, A method for detecting a position of a downhole moveable device, the
method comprising determining an operational position of a downhole moveable device
using a fiber oplic femperature sensor.

41, A method as defined in paragraph 40, wherein determuning the operational
position comprises measuring a first temperature of the moveable device before actaation;
and measuring a second temperature of the moveable device afier actuation; comparing the
first and second temperatares 1o determine the operational position,

42, A method as defined m paragraph 40 or 41, wherein determuning the
operational postlion comprises monitoring a temperatwe change associated with the
operational position of the moveable device.

43. A method as defined in any of paragraphs 40-42, wherein the operational
position of a sliding sleeve is detenmined.

44. A method as defined in any of paragraphs 4043, wherein a partially open
operational posttion of the moveable device 15 determuned.

45, A downhole assembly to detect a position of a moveable device, the
assembly compristng a fiber optic temperature sensor adjacent a moveable device
positioned along a wbular workstring; and a fiber optic cable coupled to the fiber optic
temperature Sensor.

46, A downhole assembly as defined in paragraph 435, wherein the fiber optic
temperature sensor is positioned outside the tubular workstring.

47. A downhole assembly as defined in pavagraphs 43 or 46, wherein the

maoveable device 1s a sliding sleeve.
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48, A downhole assembly as defined in any of paragraphs 45-47, wherem the
tubular workstoing is a casing or production tubular.

49, A method for detecting a position of a downhole moveable device, the
method comprising determining an operational position of a downhole moveable device
using a fiber optie acoustic sensor.

S0, A method as defined in paragraph 49, wherein determining the operational
position comprises measuring a first acoustic vibration of the moveable device before
actuation; and measuring a second acoustic vibration of the moveable device after
actuation; comparing the first and second acoustic vibrations to detenmine the operational
position,

St A method as defined in paragraphs 49 or 50, whersin determiming the
operational position comprises monitoring acoustic vibrational changes asseciated with the
operational position of the moveable device.

52 A method as defined in any of paragraphs 49-51, wherein the operational
position of a sliding sleeve 15 determined.

53 A method as defined in any of paragraphs 49-32, whergin a partially open
operational position of the moveable device is determined

54, A downhole assembly to detect a position of a moveable device, the
assembly comprising a fiber optic acoustic sensor adjacent a moveable device positioned
along a tubular workstring; and a fiber optic cable coupled to the fiber optic acoustic
SENSOL.

55 A downhole assembly as defined in paragraph 54, wherein the fiber optic
acoustic sensor 1s positioned outzide the tubular workstring.

56. A downhole assembly as defined in paragraphs 54 or S5, wherein the
moveable device is a shiding sleeve.

S57. A downhole assembly as defined in any of paragraphs 54-56, wherein the
tubular workstring 1s a casing or production tubular,

Although various embodiments and methods have been shown and descnbed, the
disclosure is not himtted 0 such embodiments and methods and will be understond to
include all modifications and variations as would be apparent to one skilled in the art. For
example, although sliding sleeves are described throughout this description, the methods
are applicable to other downhole moveable devices as stated herein. Therefore, it should

be understood that the disclosure 18 not intended o be lnuted to the particular forms
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disclosed. Rather, the intention s to cover all modifications, equivalents and alternatives

falling within the spirit and scope of the disclosure as defined by the appended claims.
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CLAIMS
WHAT IS CLAIMED IS
1. A method for detecting a position of a downhole moveable device, the method

comprising

emitting clectric or maguetic fields into a wellbore which interact with g moveable
device to produce secondary electric or magnetic felds;

using a fiber optic sensor, detecting the secondary electric or maguetic fields and
thereby generating response signals; and

deternining an operational position of the moveable device usmng the response

signals.

3. A method as defined in claim 1, wherem:
the magnetic Relds are enutted using a ransmitter coil positioned adjacent to the
moveable device; and
detecting the secondary magnetic fields comprises;
receiving the secondary magnetic fields using a receiver coil positioned
adiacent to the moveable device, thereby generating a comesponding voltage potential in
the receiver,;
using the voltage potential, deforming a transducer coupled to the receiver
coil and an optical Hiber; and
using the deformation, iducing strain tn the optical fiber to thereby

generate the response signals.

3. A method as defined m clamm 1, wherein:

the magnetic fields are emitted using a transmitter coil positioned adjacent to the
moveable device; and

detecting the secondary magnetic fields comprises:

receiving the secondary magnetic felds using & magnetostrictive element

posittoned adjacent to the moveable device, thereby defornung the magnetostachive
element; and
using the deformation, inducing strain in an optical fiber coupled 1o the

magnetostrictive element to thereby generate the response signals.
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4. A method as defined mn claim 1, wherem:
the magnetic flelds are emitted using a magnet positioned adjacent to the moveable
device; and
detecting the secondary magnetic fields comprises:
receiving the secondary magnetic fields using a magnetostrictive element
positioned  adjacent to the moveable device, thereby deforming the magnetosirictive
element; and
using the deformation, indacing sirain in an optical fiber conpled to the

magnetostrictive element to thereby generate the response signals.

5. A method as defined in clamm 1, wherein:
the magnetic fields are enutted using a magnel posiiioned adjacent fo the moveable
device; and
detecting the secondary magnetic ficlds comprises;
receiving the secondary magnetic fields using a receiver coil positioned
adjacent to the moveable device, thereby generating a corresponding voltage potential in
the receiver;
using the voltage potential, deforming a transducer coupled 1o the recaiver
coil and an optical fiber; and
using the deformation, indacing strain in the optical fiber to thereby

generate the response signals,

6. A method as defined in claim 1, wherein:
the electric fields are emitted using a wansmitter toroid positioned adjacent to the
moveable device, and
detecting the secondary electric fields comprises:
recetving the secondary electric fields using a receiver toroid positioned
adjacent to the moveable device, thereby generating a corresponding voltage potential in
the receiver toroid;
using the voltage potential, deforming a transducer coupled to the receiver
toroid and an optical fiber; and
using the deformation, inducing strain in the optical fiber to thereby

generate the response signals.
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7. A method as defined mn claim 1, wherem:
the electric fields are enuitted using a transmitter toroid positioned adjacent to the
moveable device; and
detecting the secondary electric fields comprises:
receiving the secondary electric flelds using an electrostrictive element
positioned adjacent to the moveable device, thereby deforming the electrostrictive element;
and
using the deformation, indacing sirain in an optical fiber conpled to the

electrostrictive element to thereby penerate the response signals.

8. A method as defined in clamm 1, wherein:
the electric fields are emuited using at least one electrode positioned adjacent to the
moveable device; and
detecting the secondary electric helds comprises:
receiving the secondary electric flelds using g paw of electrodes positioned
adjacent to the moveable device, thereby generating a corresponding voltage potential in
the electrodes;
using the voltage potential, deforming a transducer coupled to the
electrodes and an optical fiber; and
using the deformation, indacing strain in the optical fiber to thereby

generate the response signals,

9. A method as defined in claim 1, wherein:
the magnetic fields are emitted using 8 fransamitting coil of 8 logging tool; and
detecting the secondary magnetic fields comprises:
receiving the secondary magnetic fields using a recetver coil positioned
adjacent to the moveable device, thereby generating a corresponding voltage potential in
the recetver;
using the voltage potential, deforming a transducer coupled to the receiver
coil and anoptical fiber; and
using the deformation, inducing strain i the optical fiber to thereby

generate the response signals.



L

20

WO 2017/200523 PCT/US2016/032688
28

10, A method as defined in claim 1, wherem:
the electric fields are emitted using a transmitting toroid of a logging tool; and
detecting the secondary electric fields comprises:
receiving the secondary electric fields osing a receiver toroid positioned
adjacent to the moveable device, thereby penerating a corvesponding voltage potential in
the recetver toroid;
using the voltage potential, deforming a transducer coupled 1o the receiver
toroid and an optical fiber; and
using the deformation, inducing strain in the optical fiber to thereby

generate the response signals,

I A method as defined in claim 1, whergin defermining the operational position
comprises:

using the response signals to generate 8 response log of the moveable device at oue
or more operational positions;

comparing the response log with a baseling log of the moveable device; and

determining the operational position of the moveable device based upon the

COMPArison,

12. A method as defined in claim 11, wherein the baseline log is generated at a swface

location,
13, A method as defined in claim 11, wherein the haseling log is generated within the
welltbore.

4. A method as defined in claimy 11, wherein:
the baseline log is generated before the moveable device i3 actuated; and

the response log is generated after the moveable device is aciuated.

&

15, A method as defined in claun 11, wherem comparing the response log with the

baseline log comprises using a pattern recognition fechnique to perform the comparison.

16, A method as defined in claim 11, wherein comparing the response log with the

baseline log comprises using an nversion techmque to perform the comparison.
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17 A method as defined in claim 11, further comprising aligning the response log and

baseline log with respect to true depth.

18, A method as defined in claim 17, wherein;

the moveable device is a sliding sleeve that forms part of a sliding sleeve assembly;
and

the alignment is achieved by aligning portions of the response log and baseline log

representing stationary features of the shding sleeve assembly.

19, A method as defined in claim 17, wherein the alignment 1§ achieved by aligning
portions of the response log and baseline log representing features of a tubing along which

the moveable device s positioned.

20, A method as defined in clann 19, whevein the feature 13 a collar,
21, A method as defined in claim 17, wherein the alignment is achieved by aligning

portions of the response log and baseline log representing a wellbore formation.

22, A method as defined in claim 1, wherein the moveable device is a shiding sleeve

that forms part of a sliding sleeve assembly,

23, A method as defined in claim 1, wherein determining the operational position
COTPIISes.

using the response signals to generate a response log of the moveable device;

comparing the response log to a baseline log library, the bascline log bbrary
comtaining logs having response signals of the moveable device at a plurality of operational
positions; and

determinmg the operational position of the moveable device based upon the

COMPArison.

24. A method as defined In claim 1, wherein determining the operational position
comprises azimuthally determining the operational position of a plurality of moveable

devices.

25, A method as defined in claim 24, wherein multiple azimuthally disiribueted fiber

optic sensors are utilized to determine the operational position of the moveable devices.
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6. A method as dehined mn clanm 24, further comprising generating an umage of
downhole tubing based upon the azmuthally determined operational position of the

moveable device.

27 A method as defined in claim 1, wherein:
the moveable device 1s positioned along a tubular workstring; and
fiber optic sensor i3 positioned outside the tubular workstring.
28, A moethod as defined mw clamm 1, wheretn determining the operational position

comprises determining a partially open operational position of the moveable device.

29 A downhole assembly to detect a position of a moveable device, the assembly
comprising:

an electric or magnetic field emitting device positioned adjacent a moveable device
forming part of a tubular workstring, wherein the emitiing device emits electric or magnetic
fields that mteract with the moveable device to produce secondary electric or magnetic
felds; and

a fiber optic sensor positioned outside the tbular worksiring, wherein the fiber
optic sensor detects the secondary electric or magnetic fields and thereby produces

response signals used to determine an operational position of the moveable device.

30. A downhole assembly as defined in claim 29, wherein:
the emitting device is a transmitting coil or toreid positioned around the tubular
workstring; and
the fiber oplic sensor comprises:
a receiving coil or toroid positionsd around the tubular workstring:
a transducer coupled to the regeiving coil or toroid; and

a fiber optic cable coupled to the transducer.

31. A downhole assembly as defined in claim 29, wherem:

the emitting device is a transmitting coil or toroid positioned around the tubular
workstring; and

the fiber optic sensor comprises:

a magnetostrictive or electrostrictive slement; and
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a fiber optic cable coupled to the magnetostrictive or electrostnictive

element.

32, A downhole assembly as defined in claim 29, wherein:
the emitting device is a magnet positioned around the tubular workstring; and
the fibexr optic sensor comprises:
a magnetostrictive element; and

a fiber optic cable coupled 1o the magnetostrictive element,

A downhole assembly as defined in claim 29, wherein:

e
Lk

the emitting device is g magnet positioned around the wubalar workstring; and
the fiber optic sensor comprises:

a receiving coi positioned around the tubular workstiing;

a transducer coupled to the receiving coil; and

a fiber optic cable coupled to the transducer.

34, A downhole assembly as defined in claim 29, wherein:
the enutting device is & transmitting cotl or toroid positioned along a logging tool
deploved along the tubular workstring: and
the fiber optic sensor comprises!
a recetving coil or toroid positioned around the tubular worksinng;
a transducer coupled to the receiving coil or toroid; and

a fiher optic cable coupled to the transducer.

35, A downhole assembly as defined m claim 28, wherein the moveable device is a

shding sleeve.

36, A downbole assembly as defined in claim 292, further comprising multiple fiber

aptic sensors azimuthally distributed aroand the tubular workstring.

37. A downhole assembly as defined in claim 29, wherein the emuitting device 15 a

transmitting coil positioned around the twbular workstring.

38 A downhole assembly as defined in claim 29, wherein the emitting device is a

magnet positioned around the tubular workstring.
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39, A downhole assembly as defined in claim 29, wherein the tubunlar workstring is a

casing or production tubular.

40, A method for detecting a postiion of a downhole movegble device, the method
comprising determining an operational position of a downhole moveable device using a

fiber optic temperature sensor,

41, A method as defined in claim 40, wherein determinmng the operational position
COMPLISes:

measuring a first temperature of the moveable device before actuation;

measyring a second temperature of the moveable device after actuation; and

comparing the fisst and second temperatures © determine the operational position,

42, A method as defined in claim 40, wherein determining the operational position
comprises monitoring a temperatare change associated with the operational position of the

moveable device.

43, A method as defined i claim 40, whersmn the operational position of a shiding

sleeve 16 dotermined.

44, A method as defined in claim 40, wherein a partially open operational position of

the moveable devices s determinad,

45, A downhole assembly to detect a position of & moveable device, the assembly
comprising:

a fiber optic temperature sensor adjacent a moveable device positioned along a
tubular workstring; and

a fiber optic cable coupled to the fibey optic temperature sensor.

46. A downhole assembly as defined in claim 45, wherein the fiber optic temperature

sensor is positioned outside the tubular workstring.

47. A downhole assembly as defined i claim 45, wherein the moveable device is a

sliding sleeve.

48. A downhole assembly as defined n claim 45, wherein the tubular workstring 15 a

casing or production tobular.
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49, A method for detecting a position of a downhole moveable device, the method
comprising determining an operational position of a downhole moveable device using a

fiber optic aCOUSLC $LASOT.

50, A mwethod as defined in claim 49, wherein determining the operational position
COMPTiSes:
measuring a first acoustic vibration of the moveable device before actuation;
measuring a second acoustic vibration of the moveable device after actuation; and
comparing the first and second acoustic vibrations to determine the operational

position.

5L A method as defined in claim 49, wherein determining the operational position
comprises monitoring acoustic vibrational changes associated with the operational position

of the moveable device.

52. A method as defined m claim 49, wherein the operational position of a sliding

steeve is determined.

53, A method as defined in claim 49, wherein a partially open operationsl position of

the moveable device s determined.

34. A downhole assembly to detect a position of a moveable device, the assembly
comprising:

a fiber optic acoustic sensor adjacent a moveable device positioned along a tobular
workstring; and

a fiber optic cable coupled to the fiber optic acoustic sensor.

35, A downhole assembly as defined in claim 34, wherein the fiber optic acoustic

sensor is posttioned outside the tubalar workstring.

56. A downhole assembly as defined in claim 54, wherein the moveable device is a

shding sleeve,

57. A downhole assembly as defined v claim 54, wherein the tubular workstring ¥s g

casing or production ntbular,
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