wO 2014/018010 A1 |1 I} NP0 0O O R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/018010 A1

30 January 2014 (30.01.2014) WIPOIPCT
(51) International Patent Classification: (74) Agent: QUERY, Henry, C.; 504 S. Pierce Avenue,
E21B 47/00 (2012.01) Wheaton, IL 60187 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2012/047934 kind of national protection available). AE, AG, AL, AM,
22} Int tional Filine Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: 24 Julv 2012 (24.07.2012 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
uly 2012 (24.07.2012) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(71) Applicant (for all designated States except US): FMC NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
TECHNOLOGIES, INC. [US/US]; 1803 Gears Road, SC, 8D, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
Houston, TX 77067 (US) TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
’ ’ ZW.
(72) Inventors; and . L
(75) Inventors/Applicants (for US only): MULHOLLAND, (84) Designated States (uniess otherwise indicated, for every

John, J. [GB/GB]; 33 Rose Street, Dunfermline KY12
0QT (GB). SILVA, Gabriel [US/US]; 2006 Crystal River
Drive, Kingwood, TX 77345 (US). KANE, David
[GB/GB]; 3/1 Comely Bank Terrace, Edinburgh EH4 1AT
(GB). MCSTAY, Daniel [GB/GB]; 6 Kirkton of Durris,
Banchory AB31 6BQ (GB).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: WIRELESS DOWNHOLE FEEDTHROUGH SYSTEM

(57) Abstract: An apparatus for communicating optical signals between an

tions.

external device located on a first side of a wellbore barrier and a downhole
device located on a second side of the well bore barrier includes a first wire -
less node which is positioned on the first side of the well bore barrier and is
in communication with the external device via a first cable. A second wireless
node is positioned on the second side of the well bore barrier and is in com-
munication with the downhole device via a second cable. The first and
second wireless nodes are configured to communicate wirelessly through the
well bore barrier using near field magnetic induction (NFMI) communica-



WO 2014/018010 A1 |IWAIK 00T A0 00 0 AR

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:
ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))
Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



WO 2014/018010 PCT/US2012/047934

WIRELESS DOWNHOLE FEEDTHROUGH SYSTEM
The present invention relates to a flow completion systemn for producing oil
and/or gas from a sublerranean well. More particularly, the invention relates to a
downhole feedthrough system for communicating wirelessly through a wellbore
5 barrier in the flow completion systen.
BACKGRCOUND OF THE INVENTION
Flow completion systems typically include a wellhead which is positioned
at an upper end of the wellbore and a tubing hanger which is landed in the
wellhead or in a christmas tree that is mounted o the top of the welthead. In
10 such systems the wellhead and the christmas tree together with the tubing
hanger form a pressure-containing barrier belween the wellbore and the
surrounding environment. This pressure barrier must be maintained at all times
during operation of the flow completion systen in order to prevent well fluids from
leaking info the surrounding environment.
i5 Flow completion systems usually include a number of downhole devices
which need to be accessed from an exterior location. For example, a monitoring
and control system located, e.g., on a surface vesssl commonly receives inpuls
from a number of downhole sensors. The downhole sensors are iypically
connected to corresponding downhole data and/or power cables. In order to
24 provide for communication between the monitoring and control system and the
downhole sensors, the downhole data and/or power cables musi normally be
connected to corresponding external data and/or power cables which in turn are
connected to the moniforing and control system.
One way of connecting the downhole cables to their corresponding
25  external cables is through the use of a downhole feedthrough system. A typical
downhole feedthrough system includes a penetrator which is mounted on the
wellhead or christmas free. One end of the penetrator is connected o the
external daia and/or power cables and the other end exiends through a
fesdthrough port in the christmas tree or wellhead and engages a connector
30 which is mounted in the tubing hanger. The connector in turn is connected to a
number of data and/or power cables which are positioned in axial feedthrough
bores in the tubing hanger and are connecled fo the downhole data and/or power

cables by addilional connectlors.
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However, this type of arrangement is undesirable for several reasons.
First, the feedihrough port in the christmas tree or wellhead and the feedthrough
bore in the tubing hanger denigrate the critical pressure barriers provided by
these componenis. Second, in order {0 seal the potential leak path posed by the
5 feedihrough port in the christmas tree or welthead, the penetrator must be
provided with several robust sealing systems, and this complicates the design
and increases the cost of the penelrator. Third, the relatively large size of the
penetrator limits the number of penetrators which may be incorporated into a
typical flow completion system, and this in turn limits the number of downhole
10 lines which can be employed in the system. Fourth, since tubing hangers
typically have limiled space available for feedihrough bores, the number of
downhole lines which can be accessed through the tubing hanger is restricted.
Present day flow completion systems typically must be designed with the
ability o measure various wellbore parameters such as lemperature, pressure
15  and flow in order o provide the operator with an understanding of the conditions
in the wellbore and the reservoir. Although many sensor types are available for
such measuremants, the harsh welibore environment prohibiis the use of off-the-
shelf devices. The operaling environment for welibore sensors may include
temperatures of up to 300° C and pressures of up to 15,000 psi, as well as a
20 variety of production fluids, which are often loaded with abrasive sand and rock
fragments. Until recently, welibore measurements were largely performed using
specially constructed electronic sensors. Although many of these devices are
highly sensifive and accurate, the harsh wellbore conditions, particularly the
elevated temperalures, can reduce their operational lifetime or resirict their use.
25  The elevated temperatures can alse cause problems in communicating with the
sensors using electrical cables. Consequently, only a relatively small number of
electronic sensors are typically deploved, thus limiling the type and amount of
information that may be provided.
One solution to this problem has been to employ fiber oplic sensors 1o
30 measure wellbore parameters. Optical fiber sensor and communication systems
are much more compatible with the downhole environment., Optical fiber sensors
offer the ability to provide both point and distributed welibore sensing systems
which are capable of generating the real time dala required for effeclive

optimization of the hydrocarbon production process. A number of optical fiber
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point sensors have been developed for wellbore sensing applications, examples
of which include Bragg grating-based temperature, pressure, strain and flow
measurement sensors. Such sensors may, for example, be used {o monitor
termnperature at discrele locations, the strain on a well casing and the position of a

5 sliding sieeve valve. Examples of optical fiber distribuied sensors include those
which use Raman scatiering for measuring temperature and Brillouin scatiering
for measuring temperature and strain. Such measuremenis may be used to
determine the temperature profile of a well and may, for example, provide real-
time assessment of inflow or injection distribution.

10 An example of a prior art downhole feedthrough system for a fiber oplic
sensor system is shown schemalically in Figure 1. The downhole feedihrough
system is shown installed on a flow completion system 10 which comprises a
christmas free 12 located at the {op of a wellbore, a fubing hanger 14 landed in
the christmas tree and a tubing string 16 connected to the bottom of the tubing

15  hanger. The optical downhole feedthrough system provides for communication of
optical signals between one or more downhole fiber optic sensing device 18 and
an external fiber oplic cable 20 which is connected o a monitoring and control
system located, for example, on a surface vessel (not shown). The optical
downhole feedthrough system includes a penetrator assembly 22 which is

24 mounted o the outer surface of the christmas tree 12. The penetrator 22
includes a fiber optic cable 24 having a first end which is connecled to the
external cable 20 via a conventional dry mate connector 26 and a second end
which is connected to a first wet mate connector 28. The first wet mate
connector 28 is supporied on a movable stem 30 which when the penetrator 22 is

25  actuated moves the first wel mate connecior through a feedthrough port 32 in the
christmas tree 12 and into connection with a second wel mate conneclor 34
mounted in the tubing hanger 14. The second wet mate connector 34 is
connected to a fiber optic cable 36 which is positioned in an axial feedthrough
bore 38 in the tubing hanger 14 and is connected via a pair of dry mate

30 connsciors 40, 42 1o a downhole fiber oplic cabie 44 that in turn is connecled to
the downhole device 18.

Although the optical downhole Tegdthrough sysiem shown in Figure 1
provides a means for establishing communications between an exiernal

monitoring and control system and a number of downhole fiber optic sensors, this
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system nevertheless suffers from the same disadvaniages as the slectrical cable-
based system described above. In pariicular, because the feedthrough system
requires a feedthrough port in the christmas free, the pressure barrier provided by
the christmas tree must be breached and the peneiraior must be designed to
5 include robust sealing systems for containing the wellbore pressure.
An embaodiment of an optical downhole feedihrough system which does

not require a penetration through the pressure barrier is discussed in U.S. Patent
No. 7,845,404, which is hereby incorporated herein by reference. In this
embodiment, an optlical downhole feedthrough device which is mounied {o a

10 christmas tree comprises an optically transparent window and oplical repeaters
positioned on gither side of the window. The window and optical repeaters aliow
optical signal {o be communicated between entities located inside and outside the
christimas tree without penelrating the pressure barrier.
SUMMARY OF THE INVENTION

i5 in accordance with the present invention, these and other limitations in the
prior art are addressed by providing a system for communicating optical signals
between an external device which is locaied outside a tubing spool that is
positioned at the upper end of a welibore and a downhole device which is located
in the wellbore. In accordance with one embodiment of the invention, the system

24 comprises a first wireless node which is positioned adjacent an culer surface
portion of the tubing spool and is in communicalion with the exiernal device via a
fiber optic first cable. A tubing hanger is landed in the tubing spool and a second
wireless node is positioned in the fubing hanger generally opposite the first
wirgless node. The first and second wireless nodes are configured to

25  communicate wirelessly through the tubing spool using near fisld magnetic
induction (NFMI) communications. The tubing hanger comprises a feedthrough
bore which exiends generally axially from proximate the second wireless node o
a botiom wall portion of the tubing hanger. A third wireless node is posilioned in
the tubing hanger on a first side of the boltom wall portion. The second and third

30 wireless node are connected by a second cable which is positioned in the
feadthrough bore. A fourth wireless node is positioned on a second side of the
bottom wall portion generally opposite the third wireless node and is in
communication with the downhole device via a fiber optic third cable. The third

and fourth wireless nodes are configured to communicate wirelessly through the
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bottom wall portion using NFMI communications. A first optical converter is
configured o convert optical signals received from the external device over the
first cable into corresponding signals for wireless transmission by the first
wireless node through the tubing spool {o the second wireless node. The signals
5 received by the second wireless node are transmitted over the second cable to
the third wireless node for wireless fransmission through the bottom wall portion
io the fourth wireless node. In addition, a second optical converier is configured
io convert the corresponding signals received by the fourth wireless node into
optical signals for transmission over the third cable to the downhole device.
i0 in this embaodiment, the second oplical converter may be configured to
convert oplical signals received from the downhole device over the third cable
into corresponding signals for wireless transmission by the fourth wireless node
o the third wireless node. The signals received by the third wireless node are
iransmitied over the second cable o the second wireless node for wireless
15 t{ransmission to the first wireless node. In addition, the first optical converter is
configured o covert the corresponding signals received by the first wireless node
into optical signals for transmission over the first cable o the exiernal device,
The second wirgless node may be positioned behind an outer diameter
wall portion of the tubing hanger, in which event the first and second wireless
20 nodes are configured to communicate wirelessly through both the tubing spool
and the outer diameter wall portion using NFMI communicalions.
in accordance with another embodiment of the invention, an apparatus is
provided for communicating optical signals between an external device located
on a first side of a wellbore barrier and a downhole device located on a second
25  side of the wellbore barrier. The apparatus comprises a first wireless node which
is positicned on the first side of the wellbore barrier and is in communication with
the external device via a first cable. A second wireless node is positioned on the
second side of the wellbore barrier and is in communication with the downhole
device via a second cable. The first and second wireless nodes are configured {o
30 communicate wirelessly through the wellbore barrier using NFMI
communications. Alsg, at least one of the first and second cables comprises a
fiber oplic cable and the apparalus further comprises a first oplical converter

which is configured 1o convert oplical signals on the fiber oplic cable into
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electrical signals for wirsless transmission by the corresponding first or second
wireless node through the wellbore barrier.

in this embaodiment, sach of the first and second cables may comprise a
respective fiber optic cable. In this case, the first optical converter is connected

5 tothe first cable and the apparatus further comprises a second optical converter
which is configured to convert optical signals on the second cable inte electrical
signails for wireless transmission by the second wireless node.

Also, the weilbore barrier may comprise a tubing spool, the first wirsless
node may be positioned adjacent an outer surface portion of the fubing spool and

10 the second wireless node may be positioned adjacent an inner surface portion of
the tubing spool generally opposite the first wireless node.

Alternatively, the wellbore barrier may comprise a tubing spool in which a
tubing hanger is landed, the first wireless node may be positioned adjacent an
outer surface portion of the fubing spoc! and the second wireless node may be

15 positioned in the tubing hanger generally opposite the first wireless node. In this
case, the second wireless node may be positioned behind an ouler diameter wall
portion of the tubing hanger and the first and second wireless nodes may be
configured to communicate wirelessly through both the tubing spooi and the outer
diameter wall portion using NFMI communications. Furthermore, the second

20 wireless node may be connected o a fiber optic third cable which is positioned in
an axial feedthrough bore in the tubing hanger and is connected io the second
cable with a dry mate connecior that is mounted to the {ubing hanger.

Alternatively, the wellbore barrier may comprise a welthead, the first
wireless node may be positioned adjacent an outer surface portion of the

25  wellhead and the second wireless node may be located inside the wellhead
generally opposite the first wireless node. In this embodiment, the wellbore
barrier may further comprise a christmas tree which is connected to the top of the
wellhead by a tree connector and the first wireless node may be mounted (o the
free connector. Also, an isolation sleeve may exiend from the christmas tree into

30 the welthead and the second wireless node may be mounied o an inside surface
portion of the isolation slesve.

in accordance with yel another embodiment of the invention, an apparatus
is provided for communicating signals wirelessly across a wellbore barrier defined

by a tubing spoci which is positioned atl the {op of 2 well bore and a tubing hanger
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which is landed in the tubing spool. The apparatus comprises a first wirgless
node which is positioned adjacent an outer surface portion of the tubing spoot
and is in communication with an external device. A second wireless node is
positioned in the tubing hanger generally opposite the first wireless node and is in
5 communication with a downhole device via a second cable which is positioned in
an axial feedthrough bore in the tubing hanger. In this embodiment, the first and
second wireless nodes are configured to communicate wirglessly through the
fubing spool using NFMI communications. The second wireless node may be
positioned behind an outer diameter wall portion of the tubing hanger, in which

10 event the first and second wireless nodes are configured to communicate
wirglessly through both the lubing spool and the outer diameter wall portion using
NFMI communications.

In accordance with a further embodiment of the invention, the second
cable comprises a fiber oplic cable and the apparatus further comprises a first

15 optical converter which is configured to convert the signals received by the
second wireless node into oplical signals for transmission over the second fiber
oplic cable. The first optlical converter may also be configured to convert the
optlical signals received from the downhole device over the second cable into
electrical signals for wireless transmission by the second wirgless node through

20 the tubing spodl to the first wireless node.

The apparatus of this embodiment may further comprise a fiber optic third
cable which is in communication with the downhole device and is connected to
the second cable via a dry mate connector mounted to the tubing hanger
proximate a lower end portion of the fesdthrough bore,

25 in accordance with still another embodiment of the invention, the first cable
comprises a fiber optic cable and the apparatus further comprises a second
optical converter which is configured to convert oplical signals received from the
external device over the first cable into electrical signals for wireless iransmission
by the first wireless node through the tubing spool to the second wireless node.

30  The second optical converter may also be configured to convert the signals
received Dy the first wireless node into optical signals for fransmission to the
external device over the first cable.

in accordance with another embodiment of the invention, a lower end

portion of the feedihrough bore is closed by a bottom wall portion of the tubing
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hanger and the apparatus further comprises a third wireless node which is
positioned in the tubing hanger on a first side of the bottom wall portion and a
fourth wireless node which is positioned on a second side of the bottom wall
portion generally opposite the third wirsless node. The third and fourth wireless

5 nodes are configured to communicate wirelessly through the bottom wall portion
of the tubing hanger using NFMI communications. In addition, the second
wireless node is connected to the third wireless node via the second cable and
the fourth wireless node is in communication with the downhole device via a third
cable.

10 in this embodiment, the third cable may comprise a fiber optic cable, in
which eveni the apparatus further comprises a first optical converter which is
configured o convert the signals received by the fourth wireless node into optical
signais for transmission over the third cable. The first optical converter may also
be configured to convert the oplical signais received from the downhole device

15 over the third cable into electrical signals for wireless transmission by the fourth
wirgless node through the bottom wall portion of the tubing hanger {o the third
wireless node.

The first cable may also comprise a fiber oplic cable, in which event the
apparatus further comprises a second optical converter which is configured to

20 convert optical signals received from the external device over the first cable into
glectrical signals for wireless transmission by the first wirgless node through the
tubing spool to the second wireless node. The second oplical converter may also
be configured to convert the signals received by the first wireless node into
optical signals for transmission o the external device over the first cable.

25 in accordance with the method of the present invention, optical signals are
communicated wirglessly through a wellbore barrier by converting the oplical
signais into corresponding electrical signals, fransmitling the electrical signals
wirelessly through the wellbore barrier using NFMI communications, and
converting the transmitted signals back into optical signals.

30 The downhole feedthrough system of the present invention utilizes near
field magnetic induction to establish communications with downhole devices
through the wellbore barrier, thus eliminating the need {o penstrale the pressure
barriers in order {0 accommodate. The elimination of pensirators and tubing

hanger feedihrough devices increases the integrity of the flow completion system
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and reduces the expense, design constraints and risks associated with such
components. In addition, since the feedihrough system can be used to
communicate optical signals, the flow completion system can employ an oplic
fiber sensing system to monitor a variety of welibore parameters.

5 These and other obiects and advantages of the present invention will be
made apparent from the following detailed description, with refergnce to the
accompanying drawings. In the drawings, the same reference numbers may be
used to denote similar components in the various embodiments.

BRIEF BESCRIPTION OF THE DRAWINGS

10 Figure 1 is a schematic representation of a prior art downhole feedthrough
system shown installed in a representative welthead assembly;

Figure 2 is a schematic representation of a first embodiment of a wirgless
downhole feedthrough system of the present invention shown installed in a
representative wellhead assembly;

i5 Figure 3 is a schematic representation of a second embodiment of a
wireless downhole feedthrough system of the present invention shown instailed in
a representative wellhead assembly;

Figure 4 is a schemalic representation of a third embodiment of a wireless
downhole feaedthrough system of the present invention shown installed in a

20 representative wellhead assembly;

Figure 5 is a schematic representation of a fourth embodiment of a
wireless downhole feedthrough system of the present invention shown instailed in
a representative christmas tree assembly,;

Figure & is a Tirst embodiment of an NMF communications and inductive

25  power transfer transceiver sysiem which is suitable for use in wirgless downhole
feedthrough systems, such as those shown in Figures 2-5;

Figure 7 is a second embodiment of an NMF communications and
inductive power transfer ransceiver system which is suitable for use in wireless
downhole feedthrough systems, such as those shown in Figures 2-5;

30 Figure 8 is a third embodiment of an NMF communications and inductive
power fransfer transceiver system which is suitable for use in wireless downhole
feedihrough systems, such as those shown in Figures 2-5;

Figure 9 is a schematic representation of one embodiment of an optical

wireless downhole feedthrough system of the present invention;
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Figure 10 is a schematic representation of a second embodiment of an
optical wireless downhole feedthrough system of the present invention; and

Figure 11 is a schematic representation of a third embodiment of an
optical wireless downhole feedthrough system of the present invention.

5  DETAILED DESCRIPTION OF THE INVENTION

The wireless downhole feedthrough system of the present invention will be
described herein in the context of a generic flow completion system for producing
oif and/or gas from a subsea well. Such systems typically include a number of
mechanical pressure barriers which function to prevent fiuids in the welibore from

10 escaping into the surrounding environmeni. For example, in a horizontal
christmas tree system comprising a welihead located atl the lop of the wellbore, a
christmas tree mounted to the {op of the wellhead and a tubing hanger landed in
the christmas tree, each of these components provides a mechanical pressure
barrier between the welibore and the environment. As will be apparent from the

15 following detailed description, the wireless downhole fesdthrough system of the
present invention is capable of communicating signals and power through these
and other types of mechanical wellbore barriers without physically penetrating the
barriers. Consequently, the invention does not compromise the pressure-
containing ability of the barriers. As used herein, the term “welibore barrier”

23 should be interpreted to include any mechanical component of a flow completion
system which normally funclions lo isolate the wellbore from the surrounding
environment. Such components include, but are not limited to, weliheads,
christmas frees, valve blocks, tree caps, tubing spools, fubing hangers, tubing
strings, casing strings, flow loops, flow lines and pipelines, among others. Also,

25 the term "tubing spool” shouid be interpreled to include a chrisimas tree, a
wellhead or any other component in which a tubing hanger or similar such
component may be landed.

A first embodiment of the wireless downhole feedthrough system of the
present invention is shown in Figure 2. The wireless downhole fesdthrough

30 system of this embodiment is shown installed on a representative flow completion
system comprising a tubing spool in the form of a christmas tree 100 which is
located at the upper end of a wellbore, a tubing hanger 102 which is landed in the
christmas tree and a tubing string 104 which extends from the tubing hanger into

the welibore. In this embodiment, the wireless downhole fesedihrough system is

10
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used to facilitate the communication of signals and/or power between a downhole
device 106 and an exiernal data and/or power cable 108 which is connected {o
an external device 108. The downhole device 106 may comprise any of a variety
of devices which are normally used in flow completion systems. These may
5 include, without limitation, actuators for operating valves and other mechanical
components and sensors for monitoring various conditions of the wellbore fluid or
the components of the flow complelion system. Also, the extemnal device 109
may comprise, for example, a control module, a signal repeater, a cable junclion,
or a cable connector, among other devices. In the context of the following
10 description, the external device will be laken {0 be a conventional moniioring
and/or control system which is located proximate the chrisimas tree 100 oron a
surface vessel {(not shown). Furthermore, the term “signals” should be
interpreted {o include not only data signals containing information representative
of, e.g., various conditions of the welibore fluid or the components of the flow
15 completion system, but also control signals containing information which the
monitoring and/or control system or the like may use o conirol certain downhale
devices 106, such as valve actuators.
The exiernal cable 108 is connected to a first wireless node 110 which is
mounted by suitable means o an outer surface portion 112 of the christmas {ree
20 100, The first wireless node 110 is wirelessly coupled in a manner which will be
described below o a second wireless node 114 which is mournted in the tubing
hanger 102 at a position located generally opposile the first wireless node when
the tubing hanger is properly landed and locked in the christmas tree 100, In the
embodiment of the invention shown in Figure 2, the second wireless node 114 is
25  positioned in a cavity 116 in the tubing hanger 102 which is closed by an ouler
diameter wall portion 118 that forms a solid wellbore barrier to the annulus
between the christmas tree 100 and the tubing hanger.
The second wireless node 114 is connected {o a feedthrough data and/or
power cable 120 which is positioned in a feedthrough bore 122 that, in this
30 embodiment of the invention, extends generally axiaily from the cavity 116 {o, but
noti through, a bottom wall portion 124 of the tubing hanger 102. Thus, the
bottom wall portion 124 forms a solid wellbore barrier between the feedthrough

bore 122 and the annulus surrounding the tubing string 104.

11



WO 2014/018010 PCT/US2012/047934

The feedthrough cable 120 is connected (o a third wireless node 126
which is positioned in the tubing hanger 102 between the bore 122 and the
bottom wall portion 124, The third wireless node 126 is wirelessly coupled in a
manner which will be described below {o a fourth wireless node 128 which is

5 mounted by suitable means io the bottom wall portion 124 generally opposite the
third wireless node. The fourth wireless node 128 in turn is connscled by a
downhole data and/or power cable 130 o the downhole device 106.

in one mode of operation of the wireless downhole feedthrough system

shown in Figure 2, signals generated by the downhole device 106 are transmitted

10 through the downhole cable 130 o the fourth wireless node 128, The fourth
wirgless node 128 processes the signals for wireless communication and
wirelessly transmits the signals through the bottorm wall portion 124 of the tubing
hanger 102 {o the third wireless node 126. The third wireless node 126 then
processes the signals for wired communicgtion and fransmits the signals over the

15 feedthrough cable 120 o the second wireless node 114, The second wireless
node 114 then processes the signals for wireless communication and wirelessly
transmits the signals through the cuter diameter wall portion 118 of the tubing
hanger 102 and the adjacent portion of the christmas tree 100 to the first wireless
node 110. The first wireless node 110 then processes the signals for wired

20 communication and transmits the signals over the external cable 108 {o the
monitoring and/or conirol system (not shown). The signals may similarly be
fransmitied in the reverse direction {o provide for bidirectional communication
between the monitoring and/or control system and the downhole device 106.

Thus, the embaodiment of the wirgless downhole feedthrough system

25 shown in Figure 2 allows for communication of signals between the exterior of the
christmas tree 100 and the downhole device 106 without interfering with the
wellbore barriers normally provided by the christmas tree 100 and the tubing
hanger 102. The first and second wireless nodes 110, 114 transmit the signals
wirelessly through the christmas tree 100 and the adjacent wall portion 118 of the

30 tubing hanger 102, thereby eliminating the need for cable penetrations through
these componenis. Likewise, the third and fourth wireless nodes 126, 128
transmit the signals wirelessly through the bottom wall portion 124 of the tubing

hanger 102, thereby sliminating the need for a cable penelration through this wall
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portion. As a result, both the christmas tree 100 and tubing hanger 102 retain
their normal pressure containing abilities,
A second embodiment of the wirgless downhole feedthrough system of the
present invention is shown in Figure 3. In this embodiment, the outer diameter
5 wall portion 118 of the tubing hanger 102 is eliminated and the second wireless
node 114 is instead exposed o the annulus between the chrisimas tree 100 and
the tubing hanger 102. However, the second wireless node 114 is isolaled from
pressure in the annulus by suitable upper and lower seais 132, 134. Thus, the
only wellbore barrier between the first and second wireless nodes 110, 114 is the
10 christmas treg 100. Due {0 the elimination of the second barrier defined by the
wall portion 118 of the tubing hanger 102, the wireless downhole feedthrough
systemn of Figure 3 is capable of providing better data and/or power transfer
efficiencies than the embodiment of Figure 2.
in the embodiment of the invention shown in Figure 3, the third and fourth
15 wireless nodes 126, 128 present in the Figure 2 embodiment are replaced by a
pair of conventional dry mate conneclors 136, 138. The upper dry mate
connector 136 is mounted {o the tubing hanger 102 by suitable means and is
connected to the feedihrough cable 120. The lower dry mate conneclor 138 is
secured io the upper dry mate connector 136 and is connected to the downhole
20 cable 108. In this arrangement, the signals are communicated directly between
the second wireless node 114 and the downhcle device 106 without having to be
processed for wireless communication.
A further embodiment of the wireless downhole fesdthrough device of the
present invention is shown in Figure 4. In this embodiment, although the first
25 wirgless node 110 is mounted o an ouler surface portion 112 of the christmas
tree 100, the second wireless node 114, instead of being mounted in the tubing
hanger 102, is mounted {o an inner surface portion 140 of the christmas tree
generally opposite the first wireless node. As a result, the tubing hanger 102
does not need to be configured {o accommodate the second wireless node 114,
30 Referring to Figure 5, further embodiments of the wireless downhole
feedthrough device of the present invention are shown installed on an exemplary
subsea completion sysiem, indicated generally by reference number 142, The
subsea completion system 142 comprises a wellhead housing 144 which is

positioned at the upper end of a welibore, a tubing spool inthe formof a
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christmas {ree 146 which is mounted to the top of the wellhead housing and is
secured therelo by a conventional tree connector 148, an isolation sleeve 150
which extends from the christmas tree info the wellhead housing, a tubing hanger
152 which is landed in the christmas tree, and a tubing string 154 which is

5 connected to the bottom of the tubing hanger and extends into the wellbore.

Figure 5 depicts two different embodiments of the present invention. In
the first embodiment, which is shown on the left-hand side of the flow completion
system 142, the first wireless node 110 is mounted to an ouler surface portion of
the wellhead housing 144 and the second wireless node 114 is mounted to an

10 inner surface portion of the isolation sleeve 150 generally opposile the first
wirgless node. As in the previous embodiments, the second wireless node 114 is
connected to a downhole cable 130 which extends to a downhole device {not
shown). In addition, the second wireless node 114 may be connected to an
optional battery 156 for providing power o the second wireless node and/or the

15 downhole device, if required.

in the second embodiment of the invention depicted in Figure 5, which is
shown on the right-hand side of the flow completion system 142, the first wireless
node 110 is mounted (o a preferably non-movable component 158 of the
connector 148 which is located adjacent the culer surface of the wellhead

24 housing 144. I required, the connecior component 158 may be provided with a
port 180 {0 enable the exiernal cable 108 1o connect to the first wireless node
110, As in the previous embodiment, the second wireless node 114 is mounted
to an inner surface of the isolatlion slesve 150 generally opposite the first wireless
node 110 and is connected to a downhole cable 130 which exiends o the

25  downhole device {not shown).

In accordance with the present invention, the first and second wirgless
nodes 110, 114 and the third and fourth wireless nodes 126, 128 communicate
using a near-field magnetic induction (NFMI} communications system. As
described more fully in U.S, Patent Application FPublication No. US 2008/0070499

30 A1, which is hereby incorporated herein by reference, the NFMI communications
system fransmits signals over a low power, non-propagating magnetic field. In
particular, a transmitter coll in the fransmilting wireless node generates a
modulated magnetic field which is impressed upon a receiver coil in the receiving

wireless node. Thus, unlike RF communications systems, which employ radic
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frequency electromagnetic waves, the NFMI communications system uses a
purely magnetic field to transmit the signals befween the pairs of wireless nodes
116, 114 and 126, 128. in accordance with the present invention, the NFMI
communications system fransmits the signals through the walls of the christmas
5 tree 100 and/or the tubing hanger 102 by creating a localized magnstic field
around sach pair of wireless nodes 110, 114 and 128, 128. Consequently, no
need exisis to penelrate the christmas ree 100 and/or the tubing hanger 102 in
order to accommodate dala cables.
In certain embodiments of the invention in which power is required for the
10 downhole device 108, the invention preferably employs an induction power
transfer system to wirelessly lransmit the power between the first and second
wireless nodes 110, 114 and between the third and fourth wireless nodes 126,
128. Similar to NFMI communications systems, the induction power transfer
system includes a magnstic field transmitier which is localed in the fransmiiting
15 wireless node and a magnetic field receiver which is located in the receiving
wireless node. The magnetic field transmitter includes a transmitter coil which is
wound around a transmitter core, and the magnetic field receiver includes a
receiver coil which is wound around a receiver core. The magnetic field
transmitter is connected o a signal generator which when activated generales a
20 time varying current that flows through the fransmitter coil. The flow of current
through the transmitter coil generates a ime varying magnestic field which
propagates through the christmas tree 100 and/or the tubing hanger 102 to the
magnetic field receiver located in the receiving wireless node. Al the receiver,
the time varying magnetic field flows through the receiver core and generates a
25 current in the receiver coil which may then be used, &.g., o power the downhole
device 106 or to charge a baltery {0 which the downhole device is connected.
Hlustrative examples of wireless nodes 110, 114, 128, 128 which are
configured for both NMFI communication and induction power transfer are show
in Figures 6 — 8. In the embodiment shown in Figure 8, the first wireless node
30 110 comprises a data transceiver 162 which includes a transmitter/receiver coil
164 and a power ransmitter 166 which includes a transmitter coil 168, The data
transceiver 162 and the power transmitler 166 are each connected to a
corresponding dala or power line in the exiernal cable 108, The second wireless

node 114 shown in Figure 8 comprises a data transceiver 170 which includes a

15



WO 2014/018010 PCT/US2012/047934

fransmitier/receiver coil 172 and a power receiver 174 which includes a receiver
coil 176, The data transceiver 170 and the power receiver 174 are each
connected 1o a corresponding data or power ling in the feedthrough cable 120.
As described above, the feedthrough cabie 120 may, e.g., be connected via the
5 third and fourth wireless nodes 26, 28 and the downhole cable 130 o the
downhole device 106. (The third and Tourth wireless nodes 26, 28 and the
downhole cabie 130 have been omitled from Figure 6 for purposes of
simplification.) Although the data and power transceivers of each wirgless node
are shown in Figure 6 to be located in a single packags, they may allernatively be
10 located in spatially discrete packages.
in one mode of operation of the wirgless nodes 110, 114 depicted in
Figure 8, signals from the downhole device 106 are transmitted over the
feedthrough cable 120 to the datla transceiver 170 in the second wireless node
114. The daia transceiver 170 includes suiiable electronics for receiving the
15 signals, modulating a suitable carrier signal with the signals to produce what will
be referred to herein as "wireless signals®, and driving the transmitter/receiver coil
172 with the wireless signals in order o generate a time varying magnetic field in
accordance with the NFMI communications scheme described above. The
magnetic field comprising the wireless signais propagates through the christmas
20 tree 100 andfor the tubing hanger 102 and is impressed upon the
fransmitter/receiver coil 164 in the first wireless node 110, which in turmn
communicales the wireless signals (o the dala transceiver 162. The data
fransceiver 1682 demodulates the wireless signals and transmits the resulting
signais over the external cable 108 to the monitoring and/or control system (not
25 shown). H should be understood that communication of signals from the
monitoring and/or control system to the downhole device 108 is achieved in a
similar fashion.
Power for the downhole device 106 may be provided by a suitable power
supply iocated, e.q., on a surface vessel (not shown). The power is transmitied
30 io the power transmitler 168 in the first wireless node 110 over a corresponding
power ling in the exiernal cable 108, In accordance with the normal induction
power transfer system, the power fransmitier 166 includes conventional
electronics for generaling a time varying current which flows through the

fransmitter coll 168 and thereby causes the transmitter coil 10 generate a time
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varying magnetic field that propagates through the christmas tree 100 and/or the
tubing hanger 102 o the receiver coil 176 in the second wireless node 114, The
time varying magnetic field generates an alternating current in the recsiver coll
176 which may be conditioned as desired by the power receiver 174, The power
5 receiver 174 may then convey the desired current over a corresponding powsr
line in the feedthrough cable 120 to the downhole device 106 (via, e.g., the third
and fourth wireless nodes 26, 28 and the downhole cable 130).
The arrangement shown in Figure 6 may include an optional battery 178
located in or adjacent the second wireless node 114 or the downhole device 106.
10 The battery 178 may be used as a back-up powering device in case of failure of
the induction power transfer system. Alternatively, the baltery 178 may be used
o store power for applications in which the downhole device 106 periodically
reqguires higher power,
The wireless nodes 110, 114 shown in Figure 7 are similar {o those shown
15 in Figure 8. However, in the Figure 7 embodiment the data transceiver 162 in the
first wireless node 110 comprises separate transmitier and receiver coils 164a,
164b and the data transceiver 170 in the second wireless node 114 comprises
separate fransmitier and receiver coils 172a, 172b. This arrangement provides
for simpler bidirectional NFMI communications between the first and second
20 wireless nodes 110, 114 with less chance of interference between the modulated
magnetic fields.
Referring to Figure 8, sach of the wirgless nodes 110, 114 in this
embodiment employs a data-on-power arrangemaent for ransmifting/receiving
both data and power using a single coil. In particular, the first wireless node 110
25  comprises a single data and power iransceiver 180 which is connected o a
single transceiver coil 182 and the second wireless node 114 comprises a single
data and power fransceiver 184 which is connected to a single transceiver coil
188. The dala and power transmission in such a system may be achieved, for
example, by time gating, in which the data is fransmitted for a fixed period and
30 the power is transmitted for a separate period. Alternatively, the data and power
may be transmitted using different carrier frequencies.
While the embodiments of the wireless downhole fesedthrough sysiem
described above are primarily useful for communicating eleclrical-based signals

between the downhole device and the monitoring and/or control system, further
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embodiments of the invention, which are shown schematically in Figures 9 - 11,
are capable of communicating oplical-based signals between these components.
The optical wireless downhole feedthrough systems of these embodimenis are
especially useful when the downhole device comprises one or more optical
5 sensors for moniforing certain conditions of the well, such as pressurs,

temperature and fluid composition. As described more fully in U.S. Patent No.
7.845 404, an optical sensor can be any sensor which communicales using
optical signals, including sensors which comprise sensing elements that are
optical in nature and sensors which comprise sensing slements that are slectrical

16 or mechanical in nature and an interface that converts the sensed data fo an
oplical signal. Examples of oplical sensors which arg useful for downhole
condition monitoring include membrane deformation sensors, interferometric
sensors, Bragg grating sensors, fluorescence sensors, Raman sensors, Brillouin
sensors, evanescent wave sensors, surface plasma resonance sensors, and total

15 internal reflection fluorescence sensors, among others.

Figure 8 is a schematic representation of an embodiment of an optical
wireless downhole feedthrough system which is suitable for use with the
representative flow completion system depicted in Figure 2. In this particular
embodiment, the data line in each of the exiernal cable 108 and the downhole

24 cable 130 comprises one or more fiber oplic cables while the data line in the
fesdthrough cable 120 comprises a conventional elecirical cable. The oplical
wireless downhole feedthrough system of Figure 9 may include many of the
same components as the wireless downhole feedthrough system of Figure 2,
including wireless nodes 110, 114 for communicating through adjacent portions

25  of the christmas tree 100 and tubing hanger 102 and wireless nodes 126, 128 for
communicating through the bottorm wall portion 124 of the tubing hanger. The
optical nodes 110, 114, 126, 128 shown in Figure 9 may therefore be similar to
any of the oplical nodes described with reference to Figures 6 - 8.

As shown in Figure 9, each of the first and fourth wireless nodes 110, 128

30 is connected {0 or adapted to include a respective oplical converter module 188,
160, Each of the first and second optical converter modules 188, 190 comprises
electrical-to-fiber oplic and fiber optic-to-electrical converters. The electricalto-
fiber optic converter units are configured o generate oplical signais in a format

commensurate with the requirements of the downhole sensor or communications
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device. Similarly, the fiber oplic-to-electrical converter units are configured {o
detect the oplical signals from downhole sensor or communications devices and
convert them {0 appropriate electrical signals for wireless transmission. For
communications from the monitoring and/or control system {o the downhole

5 device 108, the first oplical converter module 188 functions to convert the optical
signails received from the monitoring and/or control system over the external
cable 108 into eleclrical signals which can then be transmitlied wirelessly by the
first wireless node 110 {o the second wireless node 114 using NFMI
communications. In addition, the second oplical converter module 180 functions

10 to convert the electrical signals received from the fourth wireless node 128 info
optical signals which can then be transmitied over the downhole cable 130 to the
downhole device 106. For communications from the downhole device 106 o the
monitoring and/or control system, the second optical converter module 180
functions o covert the optical signals received from the downhole device gver the

15 downhole cable 130 into electrical signals which can then be fransmitled
wirelessly by the fourth wireless node 128 to the third wireless node 126 using
NFMI communications. In addition, the first optical converter moduls 188
functions to covert the electrical signals received by the first wireless node 110
into optical signals which can then be transmitied on the exiernal cable 108 to the

20 monitoring and/or control system.

One mode of operation of the optical wirgless downhole feedthrough
system of Figure 9 will now be described in connection with a downhole device
106 which comprises an optical sensor, such as a Bragg grating sensor, for
measuring temperature. In this example, the monitoring and/or control system

25 transmits an optical signal to the optical sensor, which in turn reflects the optical
signal back to the monitoring and/or control system. The monitoring and/or
control system can then delermine the temperature of the environment of the
optical sensor based on the change in wavelength between the transmilted signal
and the reflected signal.

30 in operation, the monitoring and/or control system transmits an optical
signal over the external cable 108 to the first oplical converter module 188, The
first optical converter module 188 converts the oplical signal io a corresponding
electrical signal, and the first wireless node 110 wirelessly transmits this signal

through the christmas tree 100 and the tubing hanger 102 {o the second wireless
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node 114, The signal from the second wireless node 114 is communicated over
the electrical fesdihrough cable 120 {o the third wirsless node 126, which
wirelessly transmits the signal through the bottom wall portion 124 of the tubing
hanger 102 {o the fourth wireless node 128. The second optlical converter

5 module 190 then converts the signal from the fourth wireless node 128 to an
optical signal which is transmitted over the downhole cable 130 to the downhole
optical sensor 1086.

The optical sensor 106 then reflects the optical signal back along the

downhole cable 130 io the second optical converter module 180, which converis

10 the reflected optical signal fo a corresponding electrical signal that is wirelessly
transmitted by the fourth wirgless node 128 through the bottom wall portion 124
of the tubing hanger 102 to the third wireless node 126. The electrical signal is
communicated from the third wireless node 126 over the electrical feedthrough
cable 120 o the second wireless node 114, which wirglessly transmits the signal

15 through the tubing hanger 102 and the christmas tree 100 to the first wireless
nade 118, The first oplical converter module 188 then converis the electrical
signal from the first wireless node 110 into a corresponding optical signal which is
transmitted over the external cable 108 back to the moniloring and/or control
systermn. The monitoring and/or control system then compares the wavelength of

20 the original optical signal with the reflected optical signal {o determine the
temperature sensed by the downhole oplical sensor 106,

Figure 10 is a schematic representation of an embodiment of an oplical
wireless downhole feedthrough systermn which is suitable for use with the flow
completion system depicted in Figure 3. In this embodiment, the data ling in

25  each of the external cable 108, the feedthrough cable 120 and the downhole
cable 130 comprises cne or more fiber oplic cables, and each of the first and
second wireless nodes 110, 114 is connected {o or adapted to include a
respeactive oplical converter module 188, 180, For communications from the
monitoring and/or conirol system o the downhole device 106, the first optical

30 converier module 188 functions to convert the optical signals received from the
monitoring and/or control system over the external cable 108 into electrical
signais which can then be transmitted wirelessly by the first wireless node 110 io
the second wireless node 114 using NFMI communications. In addition, the

second optical converter module 190 functions to convert the electrical signals
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received from the second wireless node 114 into optical signals which can be
fransmitted through the feedthrough cabie 120, the dry mate connectors 136, 138
and the downhole cable 130 {o the downhole device 106. For communications
from the downhole device 106 to the monitoring and/or control system, the
5 second optical converter module 190 functions to covert the optical signals

received from the downhole device over the feedthrough cable 120 into electrical
signais which can then be lransmitled wirelessly by the second wireless node
114 to the first wireless node 110, In addition, the first optical converter module
188 functions o covert the electrical signals received by the first wireless node

10 110 into optical signals which can then be transmitted over the external cable 108
o the monitoring and/or control system.

Figure 11 is a schemalic representation of an embodiment of an optical
wireless downhole feedthrough system which is suitable for use with the flow
completion sysiem depicted in Figure 4. In this embodiment, the data line in

15 each of the exiernal cable 108 and the downhole cable 130 comprises one or
more fiber optic cables and each of the first and second wireless nodes 110, 114
is connected o or adapted to include a respective oplical converter module 188,
190. For communications from the monitoring and/or control system to the
downhole device 106, the first optical converter module 188 functions o convert

20 the oplical signals received from the monitoring and/or control system over the
external cable 108 into electrical signals which can then be transmitted wirelessly
by the first wireless node 110 {o the second wireless node 114 using NFMI
communications. In addition, the second oplical converter module 180 functions
to convert the electrical signals received from the second wireless node 114 into

25  optical signals which can be lransmitied over the downhole cable 130 to the
downhole device 106. For communications from the downhole device 106 o the
monitoring and/or control system, the second optical converter module 180
functions o covert the optical signals received from the downhole device over the
downhole cable 130 into electrical signals which can then be fransmitled

30 wirelessly by the second wirsless node 114 to the first wireless node 110, In
addition, the first optical converter module 188 funclions o covert the elsctrical
signals received by the first wireless node 110 into optical signals which can then

be fransmitied on the external cable 108 {o the moniloring and/or controf system.
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Although the various embuodiments of the wireless downhole feedthrough
systems described above were shown as having a single downhole device 108, it
should be undersiood that the invention can be readily adapted Tor use with
muttiple downhole devices. For example, in the embodiments of the oplical
wireless downhole feedthrough systems shown in Figures ¢ — 11, the downhole
cable 130 could comprise a separate fiber optic cable for sach downhole device.
In this example, each fiber optic cable may be provided with a suitable optical
filter, such as a Bragg gratling filter, to enable the moniloring and/or control
system to communicate individually with each downhole device. Alternatively,
the downhole cable 130 may comprise a single fiber optlic cable which is
connected to a plurality of the downhole devices. In this example, various
muitiplexing techniques, such as wavelength multiplexing or time domain
muitiplexing, may be used {0 enable the moniloring and/or control system {o
communicaie individually with each downhole device.

it should be recognized that, while the present invention has been
described in relation 1o the preferred embodiments theredof, those skilled in the art
may develop a wide variation of structural and operational details without
departing from the principles of the invention. For example, the various elements
shown in the different embodiments may be combined in a2 manner not lllustrated
above. Therefore, the appended claims are (o be construed to cover all

equivalents falling within the true scope and spirit of the invention.
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What is claimed is:

1. in combination with a flow completion system which includes a
tubing spool positioned at the {op of a welibore and a tubing hanger landed in the

tubing spool, the improvement comprising a system for communicating optical

(941

signals between an external device located cutside the tubing spooland a
downhole device located in the wellbore, the system comprising:

a first wireless node which is positioned adjacent an outer surface
portion of the tubing spool, the first wireless node being in communication with
the exiernal device via a fiber optlic first cable;

10 a second wireless node which is positioned in the tubing hanger
generally opposite the first wireless node;

the first and second wirgless nodes being configured to
communicate wirelessly through the tubing spool using near field magnetic
induction (NFMI communications;

i5 the tubing hanger comprising a feedthrough bore which exiends
generally axially from proximate the second wireless node to a bottom wall
portion of the tubing hanger,

a third wireless node which is positioned in the tubing hangeron a
first side of the bottom wall portion;

20 the second and third wireless node being connected by a second
cable which is positioned in the feedthrough bore;

a fourth wireless node which is positioned on a second side of the
bottom wall portion generally opposile the third wireless node, the fourth wireless
node being in communication with the downhole device via a fiber optic third

25  cable;

the third and fourth wireless nodes being configured to
communicate wirelessly through the bottom wall portion using NFMI
communications,;

a first oplical converter which is configured {o convert optical signals

30 received from the exiernal device over the first cable into corresponding signals
for wireless transmission by the first wireless node through the fubing spool to the

second wireless node;
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wherein the signals received by the second wireless node are
fransmitied over the second cabie (o the third wireless node for wireless
transmission through the bottom wall portion to the fourth wireless node; and

a second optical converter which is configured to convert the

5 corresponding signals received by the fourth wireless node info oplical signals for
fransmission over the third cable {o the downhole device.

2. The combination of claim 1, wherein the second opiical convertar is
configured o convert oplical signals received from the downhole device over the
third cable into corresponding signals for wireless transmission by the fourth

10 wireless node o the third wireless node, wherein the signals received by the third
wirgless node are transmitted over the second cable (o the second wireless node
for wireless transmission to the first wireless node, and wherein the first optical
converter is configured o coveri the corresponding signals received by the first
wireless node into optical signals for transmission over the firsi cable o the

15 exiernal device.

3. The combination of claim 1, wherein the second wireless node is
positioned behind an outer diameter wall portion of the tubing hanger and the first
and second wirgless nodes are configured to communicale wirslessly through
both the tubing spool and the outer diameter wall portion using NFMI

24 communications.

4, An apparatus for communicating oplical signals between an
external device located on a first side of a wellbore barrier and a downhole device
located on a second side of the wellbore barrier, the apparatus comprising:

a first wireless node which is positioned on the first side of the

25  wellbore barrier, the first wireless node being in communication with the extermnal
device via a first cable;

a second wirsless node which is positionsd on the second side of
the welibore barrier, the second wireless node being in communicalion with the
downhole device via a second cable;

30 wherein the first and second wirgless nodes are configured to
communicate wirelessly through the wellbore barrier using near field magnstic
induction (NFMI) communications; and

whaerein at least one of the first and second cables comprises a

fiber optic cable and the apparatus further comprises a first optical converter
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which is configured to convert optical signals on the fiber optic cable info
electrical signals for wireless transmission by the corresponding first or second
wireless node through the wellbore barrier.
5. The apparatus of claim 4, wherein each of the first and second
5 cables comprises a respective fiber optic cable, the first oplical converter is
connecied to the first cable and the apparatus further comprises a second optical
converter which is configured {o convert optical signals on the second cable into
electrical signals for wireless transmission by the second wireless node.
8. The apparatus of claim 4, wherein the wellbore barrier comprises a
10 tubing spool, the first wireless node is positioned adjacent an outer surface
poriion of the tubing spool and the second wireless node is positioned adjacent
an inner surface portion of the tubing spool generally opposite the first wireless
node,
7. The apparatus of claim 4, wherein the wellbore barrier comprises a
15 tubing spool in which a tubing hanger is landed, the first wirsless node is
positioned adjacent an culer surface portion of the tubing spodl and the second
wireless node is positioned in the tubing hanger generally opposite the first
wireless node.
&, The apparatus of claim 7, wherein the second wireless node is
24 positioned behind an cuter diameter wall portion of the tubing hanger and the first
and second wireless nodes are configured to communicate wirelessly through
both the tubing spool and the ouler diameter wall portion using NFMI
communications.
9. The apparatus of claim 7, wherein the second wireless node is
25  connected to a fiber optic third cable which is positioned in an axial feedthrough
bore in the tubing hanger and is connected {o the second cable with a dry matle
connector that is mounted {o the tubing hanger.
10.  The apparatus of claim 4, wherein the wellbore barrier comprises a
wellhead, the first wireless node is positioned adjacent an ocuter surface portion of
30 the wellhead and the second wireless node is located inside the welthead
generally opposite the first wireless node.
11.  The apparatus of claim 10, wherein the wellbore barrier further

comprises a christmas tree which is connected to the fop of the wellhead by a
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ires connector, and wherein the first wireless node is mounted to the free
connector.

12.  The apparatus of claim 10, wherein an isolation slesve extends
from the christmas tree info the wellhead and the second wireless node is

5 mounted to an inside surface portion of the isolatlion sieeve.

13, An apparatus for communicating signals wirelessly across a
wellbore barrier defined by a tubing spool which is positioned at the top of a well
bore and a tubing hanger which is landed in the tubing spodl, the apparatus
comprising:

10 a first wireless node which is positioned adjacent an outer surface
portion of the tubing spool, the first wireless node being in communication with an
external device; and

a second wireless node which is positioned in the tubing hanger
generally opposite the first wireless node, the second wireless node being in

15 communication with a downhole device via a second cable which is positioned in
an axial feedthrough bore in the tubing hanger,;

wherein the first and second wireless nodes are configured {0
communicate wirelessly through the tubing spool using near field magnetic
induction {(NFMI) communications.

24 14.  The apparatus of claim 13, wherein the second wireless node is
positioned behind an outer diameter wall portion of the tubing hanger and the first
and second wireless nodes are configured to communicate wirelessly through
both the tubing spool and the cuter diameter wall portion using NFMI
communications.

25 15.  The apparatus of claim 13, wherein the second cable comprises a
fiber optic cable and the apparatus further comprises a first optical converter
which is configured to convert the signals received by the second wireless node
into optical signals for transmission over the second fiber oplic cable.

16. The apparatus of ¢laim 15, wherein the first optical converter is

30 configured to convert the oplical signals received from the downhole device over
the second cable into electrical signals for wireless transmission by the second
wirgless node through the tubing spool fo the first wireless node.

17.  The apparatus of claim 15, further comprising a fiber optic third

cable which is in communication with the downhole device and is connecled to
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the second cable via a dry mate connector mounted {o the tubing hanger
proximate a lower end portion of the feedthrough bore.

18. The apparatus of claim 15, whersin the first cable comprises a fiber
optlic cable and the apparatus further comprises a second optical converter which

5 is configured to convert optical signails received from the exiernal device over the
first cable into electrical signals for wireless transmission by the first wireless
node through the tubing spool to the second wireless node.

19. The apparatus of claim 18, wherein the second optical converter is
configured o convert the signals received by the first wireless node inlo optlical

10 signals for fransmission o the external device over the first cable.

20.  The apparatus of claim 13, wherein 3 lower end portion of the
feedthrough bore is closed by a bottorm wall portion of the tubing hanger and the
apparatus further comprises:

a third wireless node which is posilioned in the tubing hangeron a
15 first side of the botiom wall portion; and
a fourth wireless node which is posilioned on a second sids of the
bottom wall portion generally opposite the third wireless node;
wherein the third and fourth wireless nodes are configured to
communicate wirelessly through the bottom wall portion of the tubing hanger
20 using NFMI communications; and
wherein the second wireless node is connected o the third wirgless
node via the second cable and the fourth wireless node is in communication with
the downhole device via a third cable.

21.  The apparatus of claim 20, wherein the third cable comprises a fiber

25 oplic cable and the apparatus further comprises a first oplical converfer which is
configured o convert the signals received by the fourth wireless node into optical
signails for transmission over the third cable.

22.  The apparatus of claim 21, wherein the first optlical convertier is
configured o convert the oplical signals received from the downhole device over

30 the third cable inlo electrical signals for wireless fransmission by the fourth
wirgless node through the bottom wall portion of the tubing hanger to the third
wireless node.

23. The apparatus of claim 21, wherein the first cable comprises a fiber

optic cable and the apparatus further comprises a second optical converter which
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is configured to convert optical signals received from the exiernal device over the
first cable into electrical signals for wireless transmission by the first wireless
node through the tubing spool to the second wireless node.
24, The apparatus of claim 23, wherein the second optical converier is
5 configured to convert the signals received by the first wireless node into optical
signals for transmission {0 the external device over the first cable.
25. A method for communicating optical signals wirelessly through a
wellbore barrier, the method comprising:
converting the optical signals into corresponding electrical signals;
10 transmitting the electrical signals wirelessly through the wellbore
barrier using near field magnetic induction (NFMI) communications; and

converting the transmitied signals back inte optical signals.
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