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A system for communicating between a surface facility and a 
Subsea production control system includes a communications 
device proximate the water surface. The water surface com 
munications device has at least one communication interface. 
A communications device is functionally associated with a 
wellhead or subsea structure proximate the water bottom. The 
water bottom communications device has at least one com 
munication interface. A communication channel extends 
between the surface communication device and the water 
bottom communication device. A multiplexer is functionally 
coupled to the communication interface on each of the Surface 
and water bottom communication devices. At least two 
remote devices are functionally coupled to the water bottom 
multiplexer. The remote devices comprise at least one of a 
sensor and a control. At least two corresponding devices are 
coupled to the Surface multiplexer. The corresponding 
devices include at least one of a signal acquisition device and 
a control signal generating device. 
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SUBSEACOMMUNICATIONS 
MULTIPLEXER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The invention relates generally to the field of 
devices used to communicate signals between a wellbore or 
seafloor-based device having production control equipment 
at the bottom of a body of water and production facilities 
located at the water surface. More particularly, the invention 
relates to signal multiplexing devices that enable signals to 
and from a plurality of wellbore or seafloor-based devices to 
communicate to the production facilities using existing water 
bottom to water Surface communication channels. 
0005 2. Background Art 
0006 U.S. Patent Application Publication No. 2004/ 
0262008 A1 filed by Deans et al. and incorporated herein by 
reference describes a System for communicating signals from 
a production facility located at the surface of a body of water, 
Such as a floating production, storage and offloading facility 
(“FPSO) or a floating production platform, for example, to 
and from a wellbore drilled through subsurface formations 
below the bottom of the body of water or to and from sensors 
and equipment located on the seafloor. The wellbore includes 
various sensors and control devices connected to a commu 
nication linking device disposed in a “wellhead’ system dis 
posed near the water bottom. The seafloor equipment can 
include various sensors mounted on seabed production equip 
ment disposed on the water bottom. 
0007. In some instances, it may be desirable to add sensors 
and/or control devices to an existing wellbore or seafloor 
equipment, or to be able to couple sensors and/or control 
devices from additional wellbores or seafloor equipment to an 
existing communication link. Such need could be addressed 
by adding an additional communication channel. Such need 
could also be addressed by providing additional interfacing 
devices between Such additional sensors/controls and an 
existing communication channel. The latter option has been 
made less desirable by adoption of certain industry standard 
communication configuration and protocol. The configura 
tion and protocol are described in, Intelligent Well Interface 
Standardisation (“IWIS) Panel, published by OTM Consult 
ing Ltd., 44 Quarry Street, Guildford, Surrey GU1 3XQ, 
United Kingdom. The adopted standards limit the number of 
device interfaces that may be used in association with a com 
munication channel. Other communications standards 
include the Subsea instrumentation interface standardization 
(“SIIS) interface standard, also published by OTM Consult 
ing Ltd. and the Subsea fibre optic montoring group 
(“SeaFOM) standard for fiber optic subsea equipment, also 
published by OTM Consulting Ltd. 
0008. It is desirable to provide additional control device 
and/or sensor communication capacity to an existing water 
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bottom to water Surface communication channel without 
increasing the number of device interfaces. 

SUMMARY OF THE INVENTION 

0009. A system for communicating between a surface 
facility and a Subsea production control system includes a 
communications device proximate the water Surface. The 
water Surface communications device has at least one com 
munication interface. A communications device is function 
ally associated with a wellhead or other production control 
structure Such as a production manifold proximate the water 
bottom. The waterbottom communications device has at least 
one communication interface. A communication channel 
extends between the Surface communication device and the 
water bottom communication device. A multiplexer is func 
tionally coupled to the communication interface on each of 
the Surface and water bottom communication devices. At 
least two remote devices are functionally coupled to the water 
bottom multiplexer. The remote devices are at least one of a 
sensor and a control. At least two corresponding devices are 
coupled to the Surface multiplexer. The two corresponding 
devices include at least one of a signal acquisition device and 
a control signal generating device. 
0010. Other aspects and advantages of the invention will 
be apparent from the following description and the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 shows an example arrangement of a subsea 
monitoring and control (SMC) system that includes a multi 
plexing unit coupled thereto. 
0012 FIG. 2 shows one example of a multiplexer coupled 
to a Subsea production control system. 
0013 FIG. 3 shows another example of a multiplexer 
coupled to a Subsea production control system. 
0014 FIG. 4 shows one example of equipment in a surface 
facility that can send commands to an accept signals from 
multiplexer-connected devices such as shown in FIGS. 2 and 
3. 

DETAILED DESCRIPTION 

0015 FIG. 1 shows an example arrangement of a subsea 
production system, which includes a subsea well 10 in which 
certain types of completion equipment is installed. The 
completion equipment includes a production conduit 12, Such 
as production tubing. Various sensors 14, 16, 18 and control 
devices 20 are positioned within the subsea well 10. 
Examples of sensors 14, 16, 18 include pressure sensors, 
temperature sensors, flow rate sensors, shock detectors (e.g., 
accelerometers), among other types of sensors. Examples of 
control devices 20 include a flow control device (e.g., a valve) 
and a pump, among others. The sensors 14, 16, 18, and the 
control device 20 can be coupled by a downhole communi 
cations link 22. The downhole communications link 22 can be 
an electrical cable, a fiber optic line or a wireless communi 
cations link such as acoustic or electromagnetic. The down 
hole communications link 22 extends to subsea wellhead 
equipment 24, Such as a Subsea well control system or “tree.” 
Part of the subsea wellhead equipment 24 can include a sub 
sea production control system 26. Note that sometimes the 
production control system may be mounted on a structure 
Such as a production manifold rather than on the tree and 
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perform valve control and monitoring on the seabed equip 
ment rather than in the wellbore (“downhole'). 
0016 Other, various types of sensors and/or control 
devices 30 may be placed at or near the water bottom (sea 
bed), either in the subsea wellhead equipment 24, at or within 
flow conduits arranged on the seabed, on a hydrocarbon 
gathering manifold, a water-injection manifold, or elsewhere 
above or on the water bottom but below the sea surface. The 
sensors and/or control devices 30 (collectively “water bottom 
devices”) can include, as non-limiting examples, a corrosion 
monitor, a sand monitor, a Subsea flow meter, a pump, a flow 
line measurement sensor, a seabed acoustic sensor, a deposi 
tion sensor, a seabed seismic sensor. The various Subsea sen 
sors and/or control devices 30 are also coupled to the subsea 
production control system 26. Such sensors and/or control 
devices can be coupled to the control system 26 using fiber 
optic monitoring and control lines. For purposes of defining 
the sensors can be interrogated or what control devices can be 
operated, the term “remote device' is used hereinto mean any 
device that generates a signal either as indication of a change 
in status (such as a control device being Switched on or off) or 
in response to detection of a physical parameter (a sensor), or 
any device that changes its operation in response to a control 
signal (i.e., a control device Such as a valve being opened or 
closed or a pump being Switched on or off). 
0017. The subsea production control system 26 provides 
control signals to the various Subsea sensors and/or control 
devices and to the various downhole sensors and/or control 
devices. The Subsea production control system 26 may also 
provide control signals to wellhead equipment 24 compo 
nents, such as valves. The Subsea production control system 
26 may include a local processor (not shown) that can gener 
ate such control signals in response to parameters detected by 
one or more sensors (e.g., 14, 16, 18 and 30 in FIG. 1). The 
Subsea production control system 26 may also accept com 
mand signals generated by equipment (FIG. 4) on board the 
Surface facility and distribute such command signals to the 
various control devices (e.g. 20 and 30 in FIG. 1). 
0018. In the present description a “subsea device (such as 
a Subsea sensor or a Subsea control device) refers to a device 
located generally at or above the water bottom but below the 
sea surface. A "downhole' device refers to a device placed in 
the well 10 or in another well drilled through the subsurface. 
More generally, a "device' (such as a sensor or a control 
device) associated with a subsea well refers to either a subsea 
device or a downhole device. 
0019. In one example implementation, the subsea produc 
tion control system 26 is able to receive measurement signals 
from one or more of the sensors associated with a subsea well 
for communication to a surface facility 32 over a communi 
cations link34. The communications link34 can be provided 
through a flexible power/signal and/or produced fluid conduit 
called an “umbilical” 35 extending from the subsea wellhead 
equipment 24 to the surface facility 32. Usually, hydraulic, 
electrical power and other control lines are also provided 
through the umbilical 35. The subsea production control sys 
tem 26, as previously stated, may also accept control signals 
from equipment (FIG. 4) disposed in the surface facility 32 to 
control operation the various devices and to communicate 
Such control signals to the respective devices. The Surface 
facility 32 may be a production platform or a floating produc 
tion storage and offloading unit (“FPSO) or similar device 
above the water Surface that includes production monitoring 
and control systems as well as equipment (not shown sepa 
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rately) to process and direct the flow of fluids from one or 
more wells below the water surface. 

0020. The communications link 34 can be implemented 
using electrical cable, fiber optic lines, or, other types of 
communications links such as acoustic telemetry through the 
water. The Subsea production control system 26 typically has 
a communications interface that uses a proprietary commu 
nications protocol for communicating signals between the 
Subsea production control system 26 and the equipment (FIG. 
4) on the surface facility 32. The proprietary protocol is 
typically specific to a wellhead equipment manufacturer, and 
often differs between various wellhead equipment manufac 
turers. In the present example, the associated systems dis 
posed in the wellhead equipment 24 and the surface facility 
32 can conform to a configuration and protocol standard that 
is described in, Intelligent Well Interface Standardisation 
(“IWIS) Panel, published by OTM Consulting Ltd., 44 
Quarry Street, Guildford, Surrey GU1 3XQ, United King 
dom, cited in the Background section herein. The IWIS stan 
dard is set forth in, ISO 13628 part 6:2006, published by the 
International Organization for Standardization, ISO Central 
Secretariat, 1, ch. de la Voie-Creuse, Case postale 56, 
CH-1211 Geneva 20, Switzerland. 
0021. In the example arrangement shown in FIG. 1, the 
Subsea production control system 26 may only include a 
limited number of interfaces for connection to various sensors 
and control devices (shown at 14, 16, 18, 20 and 30 in FIG.1), 
or may even include only one such interface. In order to add 
additional sensors and/or controls operable through the pro 
duction control system 26 while remaining in conformity 
with the above adopted industry standard, a system according 
to the invention can include a communications multiplexer 28 
module (explained in more detail below with reference to 
FIG. 2) to enable sharing the same communication channel 34 
for communication between additional Subsea and/or down 
hole sensors and/or controls with the surface facility 32. The 
multiplexer module 28 may be disposed in the same housing 
as the Subsea production control system 26, or may be dis 
posed in a different housing. 
0022. One example of a multiplexer module 28 used with 
a Subsea production control system 26 is shown schematically 
in FIG. 2. The subsea production control system 26 is shown 
as including a number of existing power/sensor/control con 
nections 36, each of which can be used to supply operating 
power to, to Supply control signals to and to accept signals 
from a respectively coupled device Such as Subsea sensors/ 
controls 30, or the downhole devices the downhole commu 
nications link 22. The existing connections 36 may be serial 
(e.g., RS232, RS 422, RS485), Ethernet, or other industry 
standard such as Profibus and Foundation Fieldbus, for 
example, or may be proprietary. Because the number of Such 
existing connections 36 is limited, additional sensors and/or 
control devices (collectively “devices') shown at 30A and 
which may include subsea devices and/or downhole devices 
may be coupled over a communication line 29 to only one of 
the existing connections 36 through the multiplexer module 
28. In the example shown in FIG. 2, the multiplexer module 
28 may include a multiplexer card 42 disposed in a separate 
housing and may include individual interface devices 44 for 
converting proprietary communication protocol from each of 
the devices 30A sent thereto over a communication line 33. 
The communication lines 33 may include both electrical 
power and signal communication channels. The interface 
devices 44 are in signal communication with the multiplexer 
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card 42. Output of the multiplexercard 42 is coupled to one of 
the existing connections 36 on the Subsea production control 
system 26. 
0023. In a different example shown in FIG. 3, the multi 
plexer module 28 may only include the multiplexercard 42A, 
and may be coupled to devices 30A that have open or industry 
standard communication protocol (e.g., serial, Ethernet, 
Profibus, Foundation Fieldbus, etc.) and/or interface devices 
directly associated with each device, and thus do not require 
separate interface devices in the module 28 such as shown in 
FIG. 2. The devices 30A are coupled to the multiplexer 42A 
over communication lines 31. The communication lines 31 
may include both electrical power and signal communication 
channels. 

0024 FIG. 4 shows one example of equipment located in 
the surface facility 32 that can be used in connection with the 
multiplexer-connected devices (30A) shown in FIGS. 2 and 3. 
A Surface acquisition system 48 is in signal communication 
with the subsea production control system (26 in FIG. 1) over 
the communication link or network 34. Signals communi 
cated from the various subsea and downhole devices are 
routed to the appropriate destination device by the surface 
acquisition system 48 over communication lines 51. Absent 
the multiplexer system of the invention, the number of pos 
sible communication channels may be limited by the particu 
lar configuration of Surface acquisition system and its corre 
sponding communication connections in the Subsea 
production control system (26 in FIG. 1). Signals associated 
with the various subsea and downhole devices (e.g., 14, 16, 18 
and 30 in FIG. 1) are routed to their ordinary destination in 
data storage and processing systems, shown generally at 50. 
Such systems 50 may include any and all surface facility 
devices associated with processing measurements from Sub 
sea and/or downhole sensors, and devices to send Suitable 
control signals to operate such sensors and/or control devices, 
as explained with reference to FIG. 1. 
0025. In the present example, multiplexed signals, origi 
nating from the multiplexer (42 in FIG. 2 and 42A in FIG.3), 
that occupy a particular portion of the communication proto 
col used between the Surface acquisition system 48 and the 
production control system (26 in FIG. 1) are routed to a 
surface multiplexer 52. The surface multiplexer 52 may be 
embodied as software running on personal computer (“PC”) 
hardware, or may be embodied, for example, as a application 
specific integrated circuits (ASICs) on a dedicated or other 
circuit board associated with the Surface acquisition system 
48. Signals corresponding to each of the multiplexed devices 
(30A in FIGS. 2 and 3) are then demultiplexed and are routed 
to a corresponding Surface data acquisition or control oper 
ating device 54 over a communication line53. In some imple 
mentations, one or more of the Surface devices 54 may com 
municate data and signals directly to the data storage and 
processing system 50. The Surface data acquisition or control 
device 54 may be embodied as Software running on a separate 
PC or possibly the same PC as the surface multiplexer 52. The 
communication protocol sent over the communication lines 
53 may be proprietary to the particular device (30A in FIGS. 
2 and 3), or may be a standard communication protocol, e.g. 
serial, Ethernet, etc. The device 54 may be either or both of a 
data acquisition device. Where the subsea or downhole device 
(30A in FIG. 2) is a sensor, the surface device 54 would 
typically include data acquisition elements. Where the Subsea 
or downhole device is a control device. Such as a valve or 
pump, the surface device 54 would typically include control 
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signal generating elements. The Surface device 54 may 
include both acquisition and control signal elements for com 
bination devices subsea or downhole. 
0026. A system according to the invention also relates to 
the control, Supply and monitoring of the electrical power to 
each device interface card (44 in FIG. 2) and/or device (30A 
in FIGS. 2 and 3). The subsea production and control system 
26 can provide electrical power to the subsea multiplexer (42 
in FIG. 2) over the same subsea cable or jumper which con 
tains the communication channel (29 in FIG. 2). The subsea 
multiplexer module 28 can then route power to each con 
nected internal device interface card (44 in FIG. 2) or to each 
external device (30A in FIGS. 2 and 3). The subsea multi 
plexer 42 can switch the power on or off to each device and 
provides monitoring of the individual power Supplies to each 
device. If the existing Subsea production control system 26 
cannot provide sufficient power for the subsea multiplexer 
module and sensors, power can be provided directly from 
surface to the subsea multiplexer module 28 over the existing 
subsea infrastructure and umbilical (35 in FIG. 1) or through 
a new umbilical and power supply in the surface facility (32 in 
FIG. 1). 
0027. The surface multiplexer 52 packages the communi 
cations message with a unique device identifier or address and 
sends it to the Surface acquisition system 48 for communica 
tion to the subsea production control system (26 in FIG. I) 
over the communication channel 34. The message is then 
delivered to the multiplexer module (28 in FIGS. 2 and 3) over 
a local communication connection (29 in FIGS. 2 and 3). The 
multiplexer (42 in FIG. 2 or 42A in FIG. 3) retrieves the 
original communications message and sends it to the appro 
priate interface card (44 in FIG. 2) over a communication link 
using the device identifier in the message as a reference, or as 
explained with reference to FIG. 3, directly to the respective 
device. The response from the device or interface card is sent 
to the surface by the reverse operation through the multiplexer 
(42 in FIG. 2 or 42A in FIG. 3). 
0028. A multiplexing system according to the various 
aspects of the invention may provide the capability of adding 
multiple additional subsea and/or downhole devices to an 
existing Subsea production monitoring and control system 
without the need to modify such system and without the need 
to add additional communication channels between the well 
head equipment and the Surface facility. 
(0029 While the invention has been described with respect 
to a limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from the 
Scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

What is claimed is: 
1. A system for communicating between a Surface facility 

and a Subsea production control system, comprising: 
a communications device proximate the water Surface, the 

water Surface communications device having at least 
one communication interface; 

a communications device functionally associated with the 
Subsea production control system proximate the water 
bottom, the water bottom communications device hav 
ing at least one communication interface; 

a communication channel extending between the Surface 
communication device and the water bottom communi 
cation device; 
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a multiplexer functionally coupled to the communication 
interface of each of the water bottom and water surface 
communication devices; 

at least two remote devices functionally coupled to the 
water bottom multiplexer, the devices comprising at 
least one of a sensor and a control; and 

at least two corresponding devices coupled to the Surface 
multiplexer, the at least two corresponding devices com 
prising at least one of a signal acquisition device and a 
control signal generating device. 

2. The system of claim 1 wherein at least one remote device 
is disposed proximate the water bottom. 

3. The system of claim 1 wherein at least one remote device 
is disposed within a wellbore. 

4. The system of claim 1 wherein at least one remote device 
comprises a pressure sensor. 

5. The system of claim 1 wherein at least one remote device 
comprises a temperature sensor. 

6. The system of claim 1 wherein at least one remote device 
comprises a pump. 

7. The system of claim 1 wherein at least one remote device 
comprises a valve. 

8. The system of claim 1 wherein the communication chan 
nel comprises electrical cable. 

9. The system of claim 1 wherein the communication chan 
nel comprises a fiber optic communication line. 

10. The system of claim 1 wherein the subsea production 
control system comprises at least one of a, fibre optic moni 
toring line, a sand detection sensor, a flowrate sensor, a cor 
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rosion sensor, a deposition sensor, a micro-seismic sensor, a 
strain sensor, a vibration sensor, and a position sensor. 

11. The system of claim 1 wherein the water bottom mul 
tiplexeris disposed within a housing with a Subsea production 
control system. 

12. The system of claim 1 wherein the water bottom mul 
tiplexer includes a communication interface coupled between 
the multiplexer and at least one of the remote devices. 

13. The system of claim 1 wherein the water bottom com 
munication device comprises only one communication inter 
face. 

14. The system of claim 1 wherein the water bottom com 
munication device and the water Surface communication 
device are configured to operate with a proprietary commu 
nication protocol. 

15. The system of claim 1 further comprising at least one of 
a data acquisition system and a device control system in 
signal communication with the water Surface communication 
device, at least one of a data acquisition system and a device 
control system configured to selectively switch on and Switch 
off operation of at least one of the remote devices by gener 
ating a control signal therefore. 

16. The system of claim 1 wherein the subsea multiplexer 
is configured to control the operating power of each indi 
vidual multiplexed device or sensor. 

17. The system of claim 1 further comprising a stand-alone 
communications device mounted proximate the seafloor and 
external to the Subsea production control system. 
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