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SYSTEM FOR USE IN CONTROLLINGA 
HYDROCARBON PRODUCTION WELL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms n0 part 0f this reissue specilìca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of United Kingdom 
Patent Application No. 02282036, ñled on Dec. 3, 2002, 
which hereby is incorporated by reference in its entirety. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a system for use in con 
trolling a hydrocarbon production well. 

BACKGROUND OF THE INVENTION 

In the subsea fluid extraction industry, communication is 
required between a control centre and well heads located on 
the seabed. Traditionally, the control centre is located on a 
platform or vessel in relatively close proximity to the well 
complex. In some cases, the control centre is located on land, 
where the distance from the control centre to the well heads 
can be much greater and could be typically 200 km. High 
capacity communication systems, typically involving optical 
fibres, allow the possibility of much higher data rates 
between the subsea and surface facilities, which further 
enables methods of connecting subsea data sources (e.g. 
sensors), particularly those generating large quantities of 
data such as microseismic sensors and TV cameras. 

A conventional approach is to use a standard subsea bus at 
the well head ends of a data transmission system to connect 
such various subsea data sources. This means that any other 
party providing equipment to the system has to interface 
with the bus and conform to its protocol, data rates and bus 
standards. Since different manufacturers have standard 
equipment with interfaces to a multiplicity of protocols and 
data rates, substantial costs are involved in adapting these 
interfaces to suit the standard bus. Furthermore, since this 
data is time multiplexed on the bus, the data rates are also 
somewhat limited such that some desirable, high bandwidth, 
data transmissions, such as digital video signals, cannot be 
economically transmitted. 

FIG. 1 shows a conventional system for the communica 
tion of data between subsea well trees and a surface facility. 
Mounted on each of a number of subsea well trees (not 
shown) is a subsea electronics module (SEM) 1 including a 
SEM processor 2, which handles at a port 3 data from con 
ventional tree sensors such as pressure and temperature and 
at a port 4 data for control of devices such as valves and fluid 
control chokes, there being a port 5 for a standard interface 
for data from other subsea data sources. The SEM processor 
2 communicates bi-directionally with a surface facility com 
puter system 6 (on shore or on a platform for example) via a 
modem 7 housed in the SEM 1, a communication link 8 and 
a modem 9 housed in a surface modem unit (SMU) 10 at the 
surface facility. The communication link 8 enables commu 
nication with the SEMs of other well trees and at some or all 
of the well trees there is system duplication to improve sys 
tem availability?thus in FIG. 1 there are shown two SEMs 
(SEM A1 and SEM B1) for a particular well tree, SEM A2 
and SEM B2 representing duplicate SEMs for another tree. 
When the surface computer 6 is located at a considerable 

distance, such as, typically, 200 km from the well complex, a 
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2 
fibre optic link is used as link 8 to transmit data between the 
or each SEM at a well tree to the surface computer 6. 
Nevertheless, the data from other sources at port 5 needs to 
be adapted to the protocol, data rates and other standards 
used for the communication of control information and sen 
sor information. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
system for use in controlling a hydrocarbon production well, 
comprising computing means at a control location remote 
from a well tree of the well. The system also has a well tree 
means has a processing means for applying control signals 
to and receiving signals from devices of the well tree. The 
well tree means includes means for receiving further signals 
associated with the operation of the well. A bi-directional 
communication link exists between said computing means 
and said well tree means. 

The well tree means further comprises a communications 
router coupled with said processing means and said receiv 
ing means, for multiplexing said signals from devices at the 
well head and said further signals on to said bi-directional 
link. The bi-directional link could comprise a fibre optics 
link. 

There could be a plurality of such well tree means at 
respective well trees, there being a distribution means 
between said bi-directional link and the well tree means for 
distributing control signals to said well tree means and 
receiving multiplexed signals from said well tree means. 
The signals from devices at the well head and further 

signals could have different protocols and different data 
speeds. The further signals could include video signals. 
The present invention also comprises a combination of a 

system according to the invention providing a ñrst commu 
nication channel, and a further such system, providing a sec 
ond communication channel for use if the ñrst channel fails. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described, by way of 
example, with reference to the accompanying drawings, in 
which: 

FIG. 1 is a diagram ofa prior art form of system for use in 
controlling a hydrocarbon production well; 

FIG. 2 is a diagram of an example of a system according 
to the present invention, 

FIG. 3 is a diagram of another example of the present 
invention, and 

FIG. 4 is a diagram showing part of an alternative to what 
is shown in FIG. 3. 

DETAIL DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 2 (in which items which correspond with those in 
FIG. 1 have the same reference numerals as in FIG. 1) illus 
trates a system according to an example of the invention, 
showing linking from a surface computer 6 to a well tree. 
The surface computer 6 at the control centre (on shore or on 
a platform for example) sends and receives data to and from 
a surface modem unit (SMU) 10 which houses a modem 9. 
This modem 9 transmits and receives data via a communica 
tion link 8. The other end of the communication link 8 con 
nects to the well head tree which carries a subsea electronics 
module (SEM) 11 which houses a modem 7 which is a simi 
lar device to the modem 9 and performs the opposite func 
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tion. The modem 7 has an electrical output/input, which is 
connected to a communications processor 12 which func 
tions as a communications router (or intelligent multiplexer), 
also housed in the SEM 11. The communications router 12, 
has a multiplicity of inputs/ outputs, there being an interface 
with a conventional SEM processor 2 (having sensor, control 
and standard interface ports 3, 4 and 5) and also interfaces 13 
which interface with other ‘private’ standard interfaces 
known as virtual links. The interfaces are effectively ‘star 
connected’ rather than the conventional ‘highway con 
nected’ and virtually any protocol and data rate can be 
handled, limited only by the router 12, speed and the ñnal 
limitation of the bandwidth of the communication link 8 and 
its modems 7 and 9. Typically, the link 8 could be about 200 
km in length, data being transmitted via it at typically l0 
Mbits/sec. The software in the router 12 is flexible and 
handles, by multiplexing, the data and protocol of the ‘pri 
vate’ interfaces, as required for the system configuration, to 
permit high speed communication to and from the modem 7, 
thereby providing virtual links between the surface and sub 
sea equipment. The SEM processor 2 handles the conven 
tional control of subsea devices, such as valves and chokes, 
to control the fluid extraction process. lt also handles local 
logging and processing of data from the tree sensors, its 
main functions being to acquire data from the sensors and 
assemble it into a format that can be transmitted to the sur 
face computer and to issue control signals to valves and fluid 
control chokes for example. 

Typical of the above-mentioned private, standard inter 
faces are the intelligent well system interface, (lWS) (an 
Ethernet interface), and others as shown in FIG. 2 which are 
well known in the industry, as well as interfaces to devices 
such as level sensors, microseismic sensors and fluid quality 
sensors. Due to the fact that the system configuration allows 
high bandwidth utilisation of the communication link 8, 
typically a ñbre optic link, it is possible to transmit com 
pressed video. This allows the ñtting of cameras to the sub 
sea well head, to permit visual inspection of the tree without 
the need for expensive diving operations or the use of a 
remote operation vehicle (ROV). This will have major ben 
eñts to the well operator who, in the past, has had to rely on 
sensor information to prompt the deployment of divers or a 
ROV to effect a visual inspection, but can now have a con 
tinuous visual inspection facility. 

FIG. 3 (in which items which correspond with those in 
FIG. 2 have the same reference numerals as in FIG. 2) shows 
a typical full system implementation to handle communica 
tion between a control centre and a subsea well complex, and 
providing high availability through dual duplex redundancy. 
The ñgure shows a high end application with a large amount 
of redundancy and long distance offsets with a subsea cen 
tral distribution system arrangement that sits between a sur 
face computer and well head control modules. 
Two separate communication channels are provided, A 

and B, to provide 100% redundancy. Describing channel A, 
a surface computer 6 at the control centre (on shore or on a 
platform for example) feeds and receives data to and from an 
SMU 14 which houses two bi-directional optical modems 15 
and 16. 

The optical modems 15 and 16 interface with respective 
ones of a pair of optical ñbres 17 and 18, which terminate 
near to a well head complex at a communication electronics 
module (CEM) 19 typically located on the seabed. Typically, 
the communication link provided by the optical ñbres could 
be about 200 km, data being transmitted via them at typi 
cally 10 Mbits/ sec. The CEM 19 enables interfacing of many 
wells in the locality with the optical ñbres 17 and 18. The 
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4 
use of two optical ñbres provides further redundancy and 
thus greater communications reliability. The CEM 19 houses 
another two bi-directional optical modems 20 and 21 
coupled with respective ones of ñbres 17 and 18 and which 
output electrical signals to a communications router 22. The 
communications router 22 interfaces with electrical 
modems, of which three, 23, 24 and 25 are shown, by way of 
example, each of which interfaces with a modem of a SEM 
at a well tree. Thus, for example, the modem 23 interfaces 
with a modem 7 of a SEM 1 via a communication link 26 
and with the modems at other trees within the group via a 
communication link 27 and modems 24 and 25 interface 
with modems at other groups of trees via communication 
links 28 and 29. 

FIG. 3 also shows a duplicated identical channel B for use 
instead of channel A for further reliability. ln the event of 
failure of both channels, rudimentary communication is pro 
vided by a link 30 from the computer 6 of each channel, a 
low speed communications modem (LSCM) 31, a back-up 
communication link 32 (typically operating at 1.2 kbits/ sec) 
and a link 33 for each channel, each link being coupled by a 
LSCM 34 to the communications router 22 of the respective 
channel. 

lt should be noted that each of modems 23, 24, 25, etc. 
and each of the corresponding modems at the well tree 
SEM’s, may, alternatively, be of the form that communicates 
via the electrical power supply to the tree, i.e. a comms-on 
power (COP) type of modem. 

FIG. 4 shows part of an alternative to the system of FIG. 3, 
items which correspond with items in FIG. 3 having the 
same reference numerals as in FIG. 3. lnstead of a single 
back-up communication link, each channel has its own back 
up communication link 35 (typically operating at 1.2 kbits/ 
sec), being a link which provides subsea power from a 
3-phase, 3 kv supply and each channel having a respective 
LSCM 36 instead of there being a single LSCM 31 as in 
FIG. 3. ln FIG. 4, modems 23, 24 and 25 are COP modems. 

While the invention has been shown in only a few of its 
forms, it should be apparent to those skilled in the art that it 
is not so limited but is susceptible to various changes with 
out departing from the scope of the invention. 
The invention claimed is: 
1. A system for remotely controlling subsea equipment, 

comprising: 
a subsea well complex on a sea floor, 

ñrst and second communicating devices at the well com 
plex; 

a communications router coupled to the ñrst and second 
communicating devices, 

a computer at a location remote from the well complex, 

a communication link extending between the computer 
and the router, and wherein 

the router receives signals from the ñrst and second com 
municating devices and multiplexes the signals onto the 
communication link. 

2. The system according to claim 1, wherein the ñrst com 
municating device communicates with the router pursuant to 
a selected data protocol, and the second communicating 
device communicates with the router pursuant to different 
data protocol from the selected data protocol. 

3. The system according to claim 1, wherein the ñrst com 
municating device comprises: 

a processor that provides signals to electrical devices for 
controlling valves of the subsea well complex. 
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4. The system according to claim 1, Wherein, 
the lirst communicating device comprises a processor that 

provides signals to electrical devices for controlling 
valves ofthe subsea Well complex, the processor com 
mumcating With the router With a selected data proto 
col, and 

the second communicating device comprises a sensor that 
monitors a condition associated With the subsea Well 
complex, the second communicating device communi 
cating With the router free of any restrictions as to data 
protocol. 

5. The system according to claim 1, Wherein: 
the lirst communicating device comprises a subsea elec 

tronics module of a lirst subsea tree, and 

the second communicating device comprises a subsea 
electronics module of a second subsea tree. 

6. The system according to claim 1, further comprising: 
a communications electronic module located at the subsea 

Well complex, the router being located Within the com 
mumcations electronic module, 

a plurality of subsea electronics modules at the subsea 
Well complex, each associated With a separate subsea 
tree ofthe subsea Well complex, and 

Wherein each ofthe subsea electronics modules contains a 
router that communicates With said lirst mentioned 
router. 

7. The system according to claim 1, Wherein: 
the router receives multiplexed control signals over the 

communication link from the computer, the multi 
plexed control signals including control signals for the 
lirst communicating device, and Wherein 

the router directs the control signals to the lirst communi 
cating device. 

8. The system according to claim 1, Wherein the commu 
nication link comprises a liber optics link. 

9. A system for remotely controlling subsea equipment, 
comprising: 

a subsea Well complex having at least one subsea tree 
containing electrical devices for controlling valves that 
control liuid lioW in the tree and sensors for monitoring 
tree conditions, 

a processor at the Well complex for providing signals to 
the electrical devices and receiving signals from the 
sensors; 

a communicating device at the Well complex, 
a computer at a location remote from the Well complex, 
a communications router at the Well complex coupled 

With the processor and the communicating device, 
a communication link betWeen the computer and the 

router, and Wherein 
the router receives signals from the processor and the 

communicating device and multiplexes the signals onto 
the communication link. 

10. The system according to claim 9, Wherein the commu 
nicating device communicates With the router at a different 
protocol and data rate than the processor. 

11. The system according to claim 9, Wherein the link 
comprises a liber optics link. 

12. The system according to claim 9, Wherein the commu 
nicating device comprises a sensor that monitors a condition 
associated With a Well. 

13. A system for remotely controlling subsea equipment, 
comprising: 

a subsea Well complex having a plurality of subsea trees 
containing electrical devices for controlling valves that 

25 

30 

35 

40 

45 

55 

60 

65 

6 
control liuid lioW in the trees and sensors for monitor 
ing tree conditions, 

a processor associated With each tree for providing signals 
to the electrical devices and receiving signals from the 
sensors; 

a communicating device associated With each tree that 
monitors a condition associated With the tree, 

a computer at a location remote from the Well complex, 

a plurality ofWell tree routers, each associated With one of 
the trees and coupled to the processor and the commu 
mcating device of the same tree, each of the Well tree 
routers communicating With the processor ofthe same 
tree by a selected data protocol and communicating 
With the communicating device of the same tree by at 
least one other data protocol, 

a communication link betWeen the computer and the Well 
tree routers, and Wherein 

each of the Well tree routers receives signals from the 
processor and the communicating device of the same 
tree and multiplexes the signals onto the communica 
tion link. 

14. The system according to claim 13, further comprising: 
a communications electronic module located at the subsea 
Well complex, 

a central router in the communications electronic module 
and linked to each ofthe Well tree routers, and Wherein 

the communication link extends betWeen the central 
router and the computer. 

15. The system according to claim 14, Wherein the com 
munication link comprises a liber optics link. 

16. A system for remotely controlling subsea equipment, 
comprising.' 

a subsea well complex; 

a surface computer facility; 
at least one communicating device at the well complex; 
a modem at the well complexfor communicating with the 

computer facility; 
a communications router at the well complex coupled to 

the modem; 
a communications link extending between the computer 

facility and the modem; 
a processor at the well complex coupled to the communi 

cations routerfor performing control and monitoring 
functions at the well complex; 

the communicating device being coupled directly to the 
router and by-passing the processor for communicating 
with the computer facility. 

17. The system according to claim 16, wherein the com 
municating device comprises a sensor. 

18. The system according to claim 17, wherein the sensor 
comprises a video camera. 

19. The system according to claim 16, further comprising 
a sensor coupled to the processor for performing the moni 
toring function. 

20. The system according to claim 16, wherein the com 
municating device communicates with the router pursuant to 
a selected data protocol, and the processor communicates 
with the router pursuant to a diferent data protocol. 

2]. The system according to claim 16, wherein the at least 
one communicating device comprises first and second com 
municating devices and wherein the first communicating 
device communicates with the router pursuant to a selected 
data protocol, and the second communicating device com 
municates with the router pursuant to a diferent data proto 
col. 
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22. The system according to claim 16, wherein the com 
munication link comprises an opticalfìber. 

23. A subsea electronics modulefor remotely controlling 
subsea equipment, comprising.' 

a subsea modem; 
a subsea communications router coupled to the modem; 
at least one subsea communicating device coupled to the 

router; 
a subsea processor coupled to the communications router 
for performing subsea control and monitoring func 
tions; 

the communicating device being coupled directly to the 
router and by-passing the processor 

24. The system according to claim 23, wherein the com 
municating device comprises a sensor. 

25. The system according to claim 24, wherein the sensor 
comprises a video camera. 

26. The system according to claim 23, further comprising 
a sensor coupled to the processor for performing the moni 
toringfunction. 

27. The system according to claim 23, wherein the com 
municating device communicates with the router pursuant to 
a selected data protocol, and the processor communicates 
with the router pursuant to a dig/ferent data protocol. 

28. The system according to claim 23, wherein the com 
municating device comprises a first and a second communi 
cating devices and wherein the first communicating device 
communicates with the router pursuant to a selected data 
protocol, and the second communicating device communi 
cates with the router pursuant to a diferent data protocol. 

29. The system according to claim 23, further comprising 
an optical fiber link connected between the subsea modem 
and a surface computerfacility. 

30. A method for remotely controlling subsea equipment 
at a subsea well complex from a surface computer facility, 
the method comprising.' 

(a) providing a surface computer facility; 
(b) providing a subsea processor; 
(c) providing a subsea communicating device; 
(d) providing a communication link between the surface 

computer facility and the processor and communicat 
ing device; 

(e) monitoring subsea equipment with the processor and 
routing a signal in response thereto from the processor 
to the surface computer facility; 

(f) controlling subsea equipment with the processor and 
routing a signal in response thereto from the surface 
computer facility to the processor; and 

(g) routing a signalfrom the communicating device to the 
surface computer facil ity by-passing the subsea proces 
sor. 

3]. The method according to claim 30, wherein step comprises routing a signal corresponding to a sensed 

parameter 

32. The method according to claim 3], wherein step comprises routing a video signal. 

33. The method according to claim 30, wherein steps (e) 
and (f) are performed using dig/ferent protocol than step 

34. The method according to claim 30, further comprising 
sensing a subsea characteristic andproviding a signal to the 
processor. 

35. The method according to claim 30, wherein steps (e), 
(f), and (g) are communicated to the surface computer facil 
ity via an opticalfìber 

36. A system for remotely controlling subsea equipment, 
comprising.' 
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8 
a subsea well complex on a sea ßoor; 

a processor at the well complex; 

at least one communicating device not coupled to thepro 
cessor at the well complex; 

a communications router coupled separately to the pro 
cessor and the communicating device; 

a computer at a location remotefrom the well complex; 
a communication link extending between the computer 

and the router; and 

wherein the router receives signals from the processor and 
the communicating devices and multiplexes the signals 
onto the communication link. 

37. The system according to claim 36, wherein theproces 
sor communicates with the router pursuant to a selected 
data protocol, and the communicating device communicates 
with the router pursuant to dig/ferent data protocol from the 
selected data protocol. 

38. The system according to claim 36, wherein theproces 
sor provides signals to electrical devices for controlling 
valves ofthe subsea well complex. 

39. The system according to claim 36, wherein.' 
the processor provides signals to electrical devices for 

controlling valves ofthe subsea well complex, the pro 
cessor communicating with the router with a selected 
data protocol; and 

the communicating device comprises a sensor that moni 
tors a condition associated with the subsea well 
complex, the communicating device communicating 
with the router free of any restrictions as to data proto 
col. 

40. The system according to claim 36, wherein.' 
the processor comprises a subsea electronics module of a 

first subsea tree. 
4]. The system according to claim 3 6, further comprising.' 
a communications electronic module located at the sub 

sea well complex, the router being located within the 
communications electronic module; 

a plurality of subsea electronics modules at the subsea 
well complex, each associated with a separate subsea 
tree ofthe subsea well complex; and 

wherein each ofthe subsea electronics modules contains a 
router, coupled separately to a processor and a commu 
nicating device, that communicates with thefìrst men 
tioned router 

42. The system according to claim 36, wherein.' 
the router receives multiplexed control signals over the 

communication link from the computer, the multiplexed 
control signals including control signalsfor theproces 
sor; and 

wherein the router directs the control signals to the pro 
cessor 

43. The system according to claim 36, wherein the com 
munication link comprises afiber optics link. 

44. A system for remotely controlling subsea equipment, 
comprising.' 

a subsea well complex having at least one subsea tree 
containing electrical devicesfor controlling valves that 
controlßuidßow in the tree and sensorsfor monitoring 
tree conditions; 

a processor at the well complexfor providing signals to 
the electrical devices and receiving signals from the 
sensors; 

a communicating device not coupled to the processor at 
the well complex; 
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a computer at a location remotefrom the well complex; 
a communications router at the well complex separately 

coupled with the processor and the communicating 
device; 

a communication link between the computer and the 
router; and 

wherein the router receives signals from the processor and 
the communicating device and multiplexes the signals 
onto the communication link. 

45. The system according to claim 44, wherein the com 
municating device communicates with the router at a di er 
ent protocol and data rate than the processor. 

46. The system according to claim 44, wherein the link 
comprises a fiber optics link. 

47. The system according to claim 44, wherein the com 
municating device comprises a sensor that monitors a condi 
tion associated with a well. 

48. A system for remotely controlling subsea equipment, 
comprising.' 

a subsea well complex having a plurality of subsea trees 
containing electrical devicesfor controlling valves that 
control ßuid ßow in the trees and sensors for monitor 
ing tree conditions; 

a processor associated with each tree for providing sig 
nals to the electrical devices and receiving signals from 
the sensors; 

a communicating device not coupled to the processor 
associated with each tree that monitors a condition 
associated with the tree; 

10 
a computer at a location remotefrom the well complex; 

a plurality of well tree routers, each associated with one 
ofthe trees and separately coupled to the processor and 
the communicating device ofthe same tree, each ofthe 
well tree routers communicating with the processor of 
the same tree by a selected dataprotocol and communi 

cating with the communicating device ofthe same tree 
by at least one other data protocol; 

a communication link between the computer and the well 

tree routers; and 

wherein each ofthe well tree routers receives signals from 
the processor and the communicating device of the 
same tree and multiplexes the signals onto the commu 
nication link. 

49. The system according to claim 48, further comprising.' 
a communications electronic module located at the sub 

sea well complex; 

a central router in the communications electronic module 

and linked to each ofthe well tree routers; and wherein 

the communication link extends between the central 
router and the computer. 

50. The system according to claim 49 wherein the commu 
nication link comprises afiber optics link 


