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A method of storing data

FIELD OF THE TECHNOLOGY

[0001] The present invention relates generally to subsea electronics modules (*“SEMs”)

for providing a subsea data sharing network.
BACKGROUND

[0002] Global energy demand is increasing, which is putting pressure on the oil and gas
iIndustry to improve the effectiveness of extraction from mature fields and to explore
flelds that are smaller and located iIn more challenging environments, Iincluding ultra-
deepwater environments. The development of subsea oll and gas fields requires
specilalised equipment that must be robust and reliable to safeguard both the equipment
itself and the environment and to make the exploitation of the subsea hydrocarbons
economically feasible. The deployment and repair of subsea equipment requires
specilalised vessels equipped with diving and robotic equipment and so interventions to
replace or repair such equipment is generally very expensive.

[0003] To monitor the extraction of product from subsea wells, the environmental
conditions therein are monitored by pressure and/or temperature sensors l|ocated
downhole at the base of the wellbore. In addition, wellhead and wellbore equipment to
control the flow of product iIs electronically controlled by command signals from the
wellhead.

[0004] The data transfer requirements between the top side and subsea equipment In
order to control the subsea equipment and retrieve data collected by the subsea
equipment can be very high. For example, In order to control the subsea well
equipment, currently, data retrieved from the subsea equipment Is sent top side were
the control systems and logic solving systems are based. Once this data has been
processed by the control and logic solving systems, control signals are then sent back
subsea to control the equipment at a wellhead.

[0005]A single umbllical 1s usually required to carry data and control signals from
subsea to topside and vice versa for a number of well assemblies. Usually, the subsea
network connecting the umbilical to the equipment at various locations subsea

comprises a number of point-to-point data connection cables such that a subsea



network having a star-like topology Is used to route the control signals received on the
umbilical to the subsea locations.

[0006] As a result, the data transfer requirements for umbilical can become very high.
Even though new umbilical deployments often include the installation of fibre-optic links
pbetween the subsea and topside level, giving more bandwidth, this Is still the most
costly place to transfer data as the operational bandwidth required to monitor and
control the well assemblies can consume a significant proportion of the channel
capacity of the umbilical. The channel capacity of the umbilical is often constrained due
to the long distances over which data can be transferred, the level of redundancy and
high requirement for error correction. With an increasing volume of data being
generated both topside and subsea, the operational demands on umbilicals are
Increasing such that there is little spare capacity in the umbilical to handle non-operation
critical, lower priority data transfers.

[0007] For example, It Is often required to transfer data from a surface facility ("top side”)
to subsea to update well equipment, either downhole or at the wellhead, with often large
fles of new software, configurations datasets, etc. Currently, in order to update
equipment, this data Is routed from topside to subsea In a point-to-point data transfer
using whatever low priority bandwidth is free on the umbilical. File transfer support from
topside to the wellhead and well assembly equipment Is often not robust and so these
transfers can be problematic. In addition, as each equipment requires updating
iIndividually, the time required to transfer software updates for larger numbers of
identical equipment can often be a number of days. Alternatively, the operations-critical
data may be Interrupted to allow software data transfers to take priority. However, this
IS undesirable and disruptive.

[0008] As a result, transferring large amounts of non-time critical and non-operation
critical data subsea using an umbilical can be a very long, problematic and difficult
process such that it 1s impractical and costly to transmit a large volume of software
updates and configuration dataset updates subsea by the umbilical.

[0009] Similarly, the volume of data collected by well sensors and instruments subsea is

ever Increasing. This logging and monitoring data, while potentially very useful for well



analysis and control, I1s often not capable of being transmitted topside due to the
pandwidth limitations on the umbilical and so a large amount is typically discarded.
[0010] The electronics for interfacing with the subsea equipment to process the received
sensor signals and to provide the control signals the well equipment are generally
provided within a subsea electronic module (SEM) that is disposed within a subsea
control module (SCM) provided at the wellhead. These SEMs form nodes in the subsea
network for routing data to and from topside via the umbilical.

[0011] The SEM generally provides a plurality of physical cards that support electronic
assemblies (such as printed circuit boards, PCBs) arranged in slots connected by a
packplane all contained within a robust housing that can withstand the extreme high
pressure environment at the subsea wellhead. The electronic assemblies of the cards
each perform different electronic functions for interfacing with different well equipment
from different manufacturers. In the new generation of SEMs, there is now a quite tight
coupling between the various cards in a SEM mode, sharing common parts of their
software images, having a single configuration database (CDB) for the node and so
forth. However, the SEM nodes currently are quite separate from each other in their
functionality In the network other than to route data in the network to and from the
umbilical.

[0012] European patent application publication number EP2458140 discloses providing
a data store at an SCM for data monitoring the condition of the subsea equipment. The
data store allows for storage and sending of the condition monitoring data up the
umbllical separate from client-sensitive data.

[0013] It Is In this context that the present invention Is devised.

SUMMARY OF THE INVENTION
[0014] The present Invention relates to subsea electronics modules which have

Increased storage memory capacity and which, via subsea links, form an ad hoc

network for sharing data stored thereon.
[0015] Viewed from one aspect, the present invention provides a method of sharing data
IN @ subsea network comprising a plurality of nodes interconnected by a plurality of data

connections arranged to carry data to and from equipment in subsea Installations, the



method comprising: storing data in a mass subsea data store provided across one or
more nodes In the subsea network configured to act as a subsea data server; and on
receiving, at the subsea data server, a request for access to data stored in the mass
subsea data store, the subsea data server retrieving the requested data from the data
store and causing the requested data to be sent over the subsea network to the
iIntended recipient.

[0016] In embodiments, the one or more nodes In the subsea network providing the
mass subsea data store are subsea electronics modules for use In a subsea installation.
[0017] In embodiments, the mass subsea data store Is a distributed data store across
mass storage provided by plural co-operating subsea electronics modules.

[0018] In embodiments, data In the mass subsea data store Is stored In a replicated
fashion across more than one of the subsea electronics modules.

[0019] In embodiments, the nodes In the network providing the mass subsea data store
are connected as peer nodes In a mesh network.

[0020] In embodiments, he nodes configured to act as the subsea data server are
configured to handle and serve requests In accordance with the hypertext transfer
protocol.

[0021] In embodiments, the method further comprises receiving data from top side via a
data connection carried by an umbilical cable or a data transfer subsea from a mass
storage device of a remotely operated vehicle (ROV) and storing it in the mass subsea
data store.

[0022] In embodiments, the method further comprises making data received via the
umbilical and stored In the mass subsea data store available to other nodes In the
network and network accessible subsea equipment, and serving requests at the subsea
data server therefrom for access to the stored data received via the umbilical.

[0023] In embodiments, the method further comprises: storing, at the mass subsea data
store, data generated by subsea equipment; and transferring at least some of the data
generated by the subsea equipment stored In the mass subsea data store top side by
one or both of. sending the data over the umbilical as low-priority network traffic using
avallable umbilical bandwidth; performing a bulk data transfer by moving a mass

storage device containing the data from subsea to top side.



[0024] In embodiments, performing a bulk data transfer by moving a mass storage
device containing the data from subsea to top side comprises: transferring the data
subsea to a mass storage device on a remotely operated vehicle (ROV); and bringing
the data top side using the remotely operated vehicle.

[0025] In embodiments, transferring the data subsea to a mass storage device on a
remotely operated vehicle (ROV) comprises one or more of. using a wet mateable
connector to provide a wired connection between the subsea network and the mass
storage device on a remotely operated vehicle (ROV); wirelessly communicating the
data between the subsea network and the ROV using a wireless networking protocaol;
using free space optical communication; using an acoustic link.

[0026] In embodiments, performing a bulk data transfer by moving a mass storage
device containing the data from subsea to top side comprises: transferring the data
subsea to a mass storage device arranged in a buoyant housing; releasing the buoyant
housing and allowing the mass storage device to float top side.

[0027] Viewed from another aspect, the present invention provides a subsea data
sharing system comprising: a subsea network comprising a plurality of nodes
Interconnected by a plurality of data connections arranged to carry data to and from
equipment In subsea Installations; wherein one node of the subsea network Is
configured to provide, or wherein more than one of the nodes of the subsea network are
configured to provide together a mass subsea data store for storing data in mass
storage provided at the or each node; and wherein the node or nodes are further
configured to act as a subsea data server that, on receiving a request for access to data
stored In the mass subsea data store, retrieve the requested data from the data store
and cause the requested data to be sent over the subsea network to the intended
recipient.

[0028] In embodiments, the request Is received from, and the served data sent to, a
subsea equipment In the subsea network or a top side network node.

[0029] In embodiments, the one or more nodes In the subsea network providing the
mass subsea data store are subsea electronics modules for use In a subsea installation.
[0030] In embodiments, the mass subsea data store Is a distributed data store across

mass storage provided by plural co-operating subsea electronics modules.



[0031] In embodiments, data Iin the mass subsea data store Is stored In a replicated
fashion across more than one of the subsea electronics modules.

[0032] In embodiments, the subsea electronics modules comprise: a mass storage
module; a data processing module; and memory comprising instructions which, when
carried out by the data processing module, cause the subsea electronics modules to be
configured to operate, In use, In accordance with any of the embodiments of the
methods of the invention described herein.

[0033] In embodiments, the nodes In the network providing the mass subsea data store
are connected as peer nodes in a mesh network.

[0034] In embodiments, the nodes configured to act as the subsea data server are
configured to handle and serve requests In accordance with the hypertext transfer
protocol.

[0035] In embodiments, the or each node Is configured, In response to receiving data
from top side via a data connection carried by an umbilical cable or a data transfer
subsea from a mass storage device of a remotely operated vehicle (ROV), to store said
data in the mass subsea data store.

[0036] In embodiments, the or each node is further configured to make data received
via the umbilical and stored In the mass subsea data store available to other nodes In
the network and network accessible subsea equipment, and to serve requests at the
subsea data server therefrom for access to the stored data received via the umbilical.
[0037] In embodiments, the or each node Is configured: to store, at the mass subsea
data store, data generated by subsea equipment; and to transfer at least some of the
data generated by the subsea equipment stored Iin the mass subsea data store top side
by the nodes being configured to: send the data over the umbilical as low-priority
network traffic using available umbilical bandwidth; and/or perform a bulk data transfer
by moving a mass storage device containing the data from subsea to top side.

[0038] In embodiments, the or each node Is configured to perform a bulk data transfer
by moving a mass storage device containing the data from subsea to top side by the or
each node being further configured to: transfer the data subsea to a mass storage
device on a remotely operated vehicle (ROV) that subsequently brings the data top

side.



[0039] In embodiments, the or each node Is configured to transfer the data subsea to a
mass storage device on a remotely operated vehicle (ROV) by one or more of: using a
wet mateable connector to provide a wired connection between the subsea network and
the mass storage device on a remotely operated vehicle (ROV); wirelessly
communicating the data between the subsea network and the ROV using a wireless
networking protocol; using free space optical communication; using an acoustic link.
[0040] In embodiments, the or each node Is configured to perform a bulk data transfer
by moving a mass storage device containing the data from subsea to top side by the or
each node being further configured to: transfer the data subsea to a mass storage
device arranged In a buoyant housing; release the buoyant housing and allow the mass
storage device to float top side.

[0041] In embodiments, one or more of the nodes Is provided with a periodically
dispensable plurality of saild mass storage devices each arranged In a buoyant housing
for receiving data to be transferred top side from said mass subsea data store and for
being released and floating top side.

[0042] In embodiments, each of the plurality of saild mass storage devices arranged In a
buoyant housing further comprises a tracking device for locating the dispensed mass
storage after flotation top side.

[0043] Viewed from another aspect, the present invention provides a subsea electronics
module for use In a subsea data sharing system of any of the embodiments described
herein, comprising: a mass storage module; a data processing module; and memory
comprising Instructions which, when carried out by the data processing module, cause
the subsea electronics module to be configured to operate, In use Individually or
together with other like subsea electronics modules, In accordance with the method of
any of the embodiments described herein to provide a mass subsea data store and to
act as a subsea data server.

[0044] In embodiments, the mass data storage has a capacity greater than that needed
for the subsea electronics module to perform the operational requirements of the
subsea electronics module.

[0045] Viewed from another aspect, the present invention provides a computer readable

medium, preferably non-transitory, carrying instructions for configuring a subsea



electronics module for use In a subsea data sharing system as of any of the
embodiments described herein and having a mass storage module and a data
processing module, when the Instructions are carried out by the data processing
module, to operate the subsea electronics module Iin use Individually or together with
other like subsea electronics modules, In accordance with the method of the
embodiments described herein to provide a mass subsea data store and to act as a
subsea data server.

[0046] Viewed from another aspect, the present Iinvention provides a method of
operating a remotely operated vehicle (ROV) to retrieve data from a subsea data store,
comprising: operating an ROV to interface subsea with a subsea data store of any of
the embodiments described herein; recelving data therefrom via a data connection with
a node of the subsea network; storing said recelived data in a mass storage device on
the remotely operated vehicle (ROV); and bringing the data top side using the remotely
operated vehicle.

[0047] In embodiments, receiving the data from the subsea data store comprises one or
more of: using a wet mateable connector to provide a wired connection between the
subsea network and the mass storage device on a remotely operated vehicle (ROV);
wirelessly communicating the data between the subsea network and the ROV using a
wireless networking protocol; using free space optical communication; using an acoustic
link.

[0048] Viewed from another aspect, the present invention provides a method of
transferring data from a subsea data store top side using buoyant devices, comprising:
transferring data stored In a subsea data sharing system of any of the embodiments
described herein to a mass storage device provided subsea arranged In a buoyant
housing; and releasing the buoyant housing and allowing the mass storage device to
float top side.

[0049] In embodiments, the method further comprises periodically transferring data
subsea to one of a dispensable plurality of saild mass storage devices each arranged In
a buoyant housing for receiving data to be transferred top side from said mass subsea

data store and for being released and floating top side.



[0050] In embodiments, each of the plurality of said mass storage devices arranged in a
puoyant housing further comprises a tracking device for locating the dispensed mass
storage after flotation top side.

[0051] In embodiments, the method further comprises tracking and collecting a buoyant
mass storage device that has been dispensed and has floated to the surface; and
retrieving the data stored thereon top side.

[0052] Within the scope of this application it Is expressly envisaged that the various
aspects, embodiments, examples and alternatives set out in the preceding paragraphs,
In the claims and/or In the following description and drawings, and In particular the
iIndividual features thereof, may be taken independently or in any combination. Features
described In connection with one aspect or embodiment of the invention are applicable

to all aspects or embodiments, unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Aspects of the Invention may best be understood by reference to the following
description of certain exemplary embodiments together with the accompanying
drawings In which:

[0054]Figure 1 shows a system for sharing data subsea In accordance with an
embodiment of the invention:

[0055] Figure 2 shows a subsea electronics module In accordance with an embodiment
of the Invention for use Iin the system of Figure 1 to provide the mass subsea data store;
[0056] Figure 3 shows a cross-section showing the inside of the subsea electronics
module shown in Figure 2; and

[0057] Figure 4 schematically represents a physical card or PCB provided in the subsea

electronics module of Figures 2 and 3 being provided with additional mass storage to

support the mass subsea data store of the system shown in Figure 1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0058] The detalled description set forth below In connection with the appended

drawings Is Intended as a description of presently preferred embodiments of the



iInvention, and Is not intended to represent the only forms in which the present invention
may be practised. It is to be understood that the same or equivalent functions may be
accomplished by different embodiments that are intended to be encompassed within the
spirit and scope of the Invention. Furthermore, terms "comprises,” "comprising,” or any
other variation thereof, are intended to cover a non-exclusive inclusion, such that
apparatuses and method steps that comprises a list of elements or steps does not
Include only those elements but may Include other elements or steps not expressly
isted or inherent. An element or step proceeded by “comprises ...a" does not, without
more constraints, preclude the existence of additional identical elements or steps that
comprises the element or step.

[0059] Reference will now to Figure 1, which shows a system 10 for sharing data
subsea In accordance with an embodiment of the invention. The system 10 includes a
subsea network 11 comprising a plurality of nodes 100 interconnected by a plurality of
relatively high channel capacity wired data connections 12 arranged to carry data to and
from equipment In subsea Installations (not shown). More than one of the nodes 100
pbut not necessarily all nodes of the subsea network 11 are configured to provide
together a mass subsea data store 104 for storing data in mass storage provided at the
or each node 100. In alternative embodiments, however, only a single node 100 of the
network may be configured to solely provide a mass subsea data store for storing data
IN mass storage provided at that node.

[0060] In the embodiment, nodes 100a, 100b and 100c provided by subsea electronics
modules provide the mass subsea data store. However, other equipment providing
nodes In the subsea network 11 may be configured to provide individually, or together
with other nodes, the mass subsea data store 104.

[0061] The wired data connections 12 are formed across the physical network
Infrastructure based on the network topology, which may be a star network centred on
the node connected directly to the umbilical. However, currently, In the field, it Is
common for additional direct data connections 12 to be added between the nodes of the
subsea network Including the various subsea electronics modules, both internally in an
Installation and between Xmas trees, manifolds and processing equipment. As such,

the topology of many subsea networks Is evolving to allow nodes In the network to form
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connections In an ad hoc-like manner in a mesh or partial mesh topology. In forming
these mesh networks, the nodes 100a, 100b, 100c are configured to cooperate In the
relaying and routing packet data therebetween to distribute data in the network. In this
way, the network resilience and adaptability is greater.

[0062] As a result of these additional connections and more flexible subsea network
architectures, the bandwidth of the data connections 12 between the nodes In the
subsea network 11 Is considerably greater than that of the spare, non-operation critical
pandwidth of the umbilical 13 that connects the subsea network 11 to the top side
network 14. Further, the equivalent cost of providing and carrying extra data transfer
capacity In the subsea network 11 Is significantly less than increasing the data transfer
capacity of the umbilical.

[0063] Referring now to Figures 2 and 3, these show subsea electronics modules 100
that provide nodes 100a, 100b, 100c In a subsea network 11 for Interfacing data
transactions with well equipment. The subsea electronics modules 100 have a generally
tubular casing 101 provided around a chassis 103 and an input port 105 at an end of
the tubular casing 101 for connection to a subsea control module (SCM) (not shown)
mounted on a Christmas tree at the head of a subsea well. Inside the casing 101, a
series of physical cards 10/ are mounted to the chassis 103 and are connected to slots
109 of a backplane 111.

[0064] Referring now also to Figure 4, the physical cards 10/ support electronic
assemblies 113 thereon and are provided as printed circuit boards (PCBs) having
electrical contacts 115 at an edge thereof for contacting with electrical contacts of the
packplane 111 arranged In a slot 109. The backplane 111 provides an electronic bus
connecting the electronic assemblies provided on the physical cards 107 to each other
to allow communication of electronic signals therethrough and to process data from and
to provide control signals to the well equipment when connected to the SCM in use.
[0065] The backplane 111 has a flexi-rigid construction of flexible sections formed by

ribbon cables 111a and rigid sections formed as printed circuit boards 111b. The
packplane 111 may be provided In one or more parts.
[0066] Referring now to Figure 4, in the embodiment, all the physical cards 107 In the

SEM have identical electronic assemblies provided thereon and as such, only one
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generic card type Is provided. In the generic physical card types of the embodiment,
however, the identical electronic assemblies 113 are configurable in use to perform one
of a set of defined card roles, for which each card role the generic physical card 107
performs a defined set of electronic functions so as to interface with well apparatus of a
given type or types from given a manufacturer or manufacturers. With the present
invention, SEMs having a full range of functional specifications may be designed and
provided for interfacing with a range of combinations of different well equipment using
only one, or perhaps only two generic card types.

[0067] Each electronic assembly Is provided with a memory 117, which may be for
example, a non-volatile memory such as a EEPROM, for storing program instructions
thereon, and a data processing module 119, which may be, for example, a field
programmable gate array (FPGA), capable of carrying out program instructions stored
on memory 117.

[0068] With the sixth generation of subsea electronics modules having the above
construction and mode of operation In which there 1s a higher degree of uniformity and
iInteroperablility between the different electronics modules and their modes of operation,
there Is now a quite tight coupling between the various cards In a node, sharing
common parts of their software images, having a single Configuration Database (CDB)
for the node etc. However, each node a subsea network Is still to a large degree a
separate from other nodes with respect to file handling (software, logged data, and so
on), with no sharing of resources across nodes. Up untll now, separate subsea
electronics modules providing separate nodes In a subsea network have had little to no
Integration or co-operation.

[0069] However, the present Invention Is In part predicated on a recognition by the
Inventors that the increased data transfer capacity of subsea networks 11 achieved In
particular by these additional wired connections 12 now allows more co-operation and
co-ordination between the nodes In the subsea network 11.

[0070] In addition, the storage capacity provided by memory or other storage provided
at subsea electronics modules has until now only been sufficient for the subsea
electronics module to be able to perform its specified operational function for processing

and transferring operational well sensor uplink data up the umbilical 14 top side and
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following logic and control processing top side receiving control data back down the
umbilical 14 for controlling the well control equipment. However, the present invention
also harnesses another current market or technological development which Is that,
predominantly due to the economies of scale brought by the smartphone market, mass
storage, such as flash storage Is rapidly becoming available in cheap, high-capacity
solutions. In embodiments, the nodes of the subsea network 11 that (individually or)
together provide the mass subsea data store 104 are enabled to provide a significant
storage capacity by adding a larger storage than really needed to a subsea electronic
module (or, specifically, a card 10/ thereof) In the form of a cheap flash storage 130
component. Usually this addition requires no hardware modifications (the interface
pbetween the data processing module 119 and flash storage 130 Is pin-compatible
almost regardless of size), and requires little to no additional power when not in use.
This provision of additional storage capacity at the subsea electronics module nodes
100 by flash storage 130 beyond the operational requirements of the subsea electronics
modules allows the subsea electronics modules to store excess data, such as non-
operation critical data.

[0071] Thus In the Invention, the subsea electronics modules 100a, 100b and 100c are
each provided with additional mass storage 130 In excess of their operational
requirements, and are configured by program instructions In the form a data sharing
logic 121 stored In memory 117 of a card 10/ thereof to take advantage of the
Increased data transfer capacity in the subsea network to interoperate with each other
to effectively co-operate together to provide the mass subsea data store 104.

[0072] The mass subsea data store 104 Is a distributed data store across flash storage
130 provided by plural co-operating subsea electronics modules 100a, 100b, 100c. The
data sharing logic 121 further configures each subsea electronics module 100a, 100Db,
100c to store data in the mass subsea data store 104 In a replicated fashion across
more than one of the subsea electronics modules 100a, 100b, 100c. The nodes In the
network providing the mass subsea data store are connected as peer nodes In a mesh
network, meaning that each node contributes to the management of the storage and

routing of the data across the mass subsea data store 104.
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[0073] In order to serve requests for data stored in the mass subsea data store 104
received from other subsea nodes (e.g. other SEMs) or equipment, or from nodes in the
topside network 14 received via umbilical 13, the nodes 100a, 100b, 100c are further
configured by data sharing logic 121 to act as a subsea data server that, on recelving a
request for access to data stored In the mass subsea data store 104, retrieve the
requested data from the data store and cause the requested data to be sent over the
subsea network to the intended recipient. The intended recipient may be the requestor,
or the requestor may request that the data Is sent to another node of the subsea
network 11.

[0074] To allow the subsea electronics modules 100a, 100b, 100c to provide the
distributed mass subsea file store 104, the nodes are enabled to store arbitrary files In
flash storage 130, and to make them available as needed.

[0075] VWe will now demonstrate how the subsea data sharing system 100 can be used
to facilitate the transfer of data from subsea to top side, and vice versa.

[0076] Firstly, the nodes 100a, 100b, 100c are configured such that together they store
data in mass subsea data store 104 provided across the nodes. The nodes 100a, 100D,
100c are also configured to function as a subsea data server (In other embodiments,
only one of nodes 100a, 100b, 100c or even a different node entirely may be configured
to function as a subsea data server).

[0077] On receiving, at the subsea data server, a request for access to data stored Iin
the mass subsea data store 104, the subsea data server retrieves the requested data
from the data store and causes the requested data to be sent over the subsea network
to the Intended recipient. The nodes 100a, 100b, 100c configured to act as the subsea
data server handle and serve requests In accordance with the hypertext transfer
protocol.

[0078] The data may be recelved at the subsea data server nodes from the control
centre 15 located top side via umbilical 13, In which case the data may be a software
update for plural identical control or sensor equipment. The data sharing system 100
allows the software update to be copied across all the subsea electronics modules In
the field, allowing them each to be updated with a single file transfer over the umbilical.

This central data source may then be used to upgrade all of the equipment (including
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non-SEM equipment) in the field. This is contrasted with the prior art, where multiple
coplies of the same software needed to be sent down the umbilical 13 routed to each
equipment Iindividually. In this way, In the Invention, a significant volume of data
transfer can be saved by providing the mass subsea data store 104 which can provide
access to the data to other equipment via the subsea network 11.

[0079] Another advantage of the present invention is that the file transfer support in the
systems to the SEMs is much more robust to long transfer times than most regular
control equipment. This allows a transfer from topside to the SEM to take hours or days
(using whatever low-priority bandwidth Is free on the umbilical), and then the result
could be read In seconds by the equipment needing it. Thus low priority bandwidth can
be used to reliably transfer data subsea over a longer period of time, where It can be
distributed quickly by the subsea data sharing system. This Is Iinstead of having to
Interrupt the transfer of operational sensor and control data on the umbilical 13, which
can be disruptive to the operation of the well.

[0080] Another way In which the mass subsea data store 104 Is used Is to store sensor
and monitoring data generated by well sensing and monitoring equipment. A large
amount of data Is generated by this equipment that is not normally retrieved as only
operation-critical data Is sent via the umbilical 13 to the control centre 15 via topside
network 14 which performs data processing and logic solving to generate control signals
that are sent back via umbilical 13 to control the well control equipment. Any non-
operation critical data generated subsea Is normally discarded subsea and so this
potentially valuable data for well characterisation Is lost. However, by storing this data
IN the mass subsea data store 104, a buffer thereof can be generated and low priority
data transfer using extra capacity in the umbilical 13 can be used to transfer this data
top side to control centre 15 allowing a more detailed analysis of the wells In the field.
However, the rate of generation of process and non-operations critical data subsea may
exceed the unused non-operations critical bandwidth of the umbilical 13. In this case,
the mass subsea data store 104 can be used to locally store this data subsea.

[0081] To retrieve the data, a bulk data transfer by physically moving memory storing
the data from subsea to top side can be used. This can be achieved by using an ROV

200 to retrieve a releasable subsea memory store (such as a flash memory) having data

15



stored thereon transferred from the mass subsea data store 104 and/or by releasing a
memory store housed in a buoyant housing. The ROV 200 or the buoyant housing can
be used to periodically bring the memory carrying the stored data top side where it can
be collected and analysed, for example at control centre 15. Similarly, an ROV 200
may be used to transfer to the mass subsea memory store 104 larger files that cannot
easily be transferred over the umbilical (e.g. If on-line bandwidth is not available) such
as new software, large configuration datasets for complex instruments, etc. In this
case, the ROV 200 would be operated to bring a memory store from top side to subsea
and to perform a bulk data transfer into the mass subsea memory store 104.

[0082] The mechanism to transfer data between the ROV storage and the mass subsea
data store 104 could be a traditional wet mate connector, wireless data transfer protocol
(e.g.WLAN/IEEE 802.11), free space optical communication, acoustic link or similar.
Alternatively, the ROV could remove and carry a physical retrievable (and replaceable)
mass storage device (not shown) from a node 100 that Is carrying data transferred from
the mass subsea memory store 104. Alternatively, instead of the ROV carrying the
retrievable mass storage device from subsea to top side, the mass storage device can
be arranged In a buoyant housing. A set of these buoyant mass storage devices can be
provided at one or more of the nodes 100. Periodically, data can be transferred to the
retrievable mass storage device from the subsea mass data store 104 and the buoyant
housing can be released (e.g. by releasing a latching mechanism) and allowing the
mass storage device to float top side. Each of the plurality of said buoyant mass storage
devices further comprises a tracking device (e.g. a beacon or GPS system) for locating
and retrieving the dispensed mass storage after flotation top side. The data stored on
the retrievable physical mass storage device could be encrypted to ensure security, and
the data transferred thereon could be retained in the mass subsea data store 104 until
safe recelipt of the device top side has been confirmed.

[0083] Although In the embodiment described In detall herein, subsea electronics
modules 100a, 100b, 100c arranged at the Xmas trees of subsea wells together provide
the mass subsea data store and subsea server, other equipment providing nodes In the
subsea network arranged In other subsea installations can also provide this functionality

in the subsea data sharing system. For example, SEMs, SCMs and other equipment at
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any subsea Installation Iincluding at subsea wells, subsea pump systems, subsea
compression systems, subsea structures or similar or can provide the functionality.

[0084] The description of the preferred embodiments of the present invention has been
presented for purposes of lllustration and description, but iIs not intended to be
exhaustive or to limit the invention to the forms disclosed. It will be appreciated by
those skilled in the art that changes could be made to the embodiments described
above without departing from the broad inventive concept thereof. It Is understood,
therefore, that this invention iIs not limited to the particular embodiment disclosed, but
covers modifications within the scope of the present invention as defined by the

appended claims.
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CLAIMS

1. A method of sharing data in a subsea network comprising a plurality of
nodes Interconnected by a plurality of data connections arranged to carry data to and
from equipment In subsea installations, the method comprising:

storing data in a mass subsea data store provided across a plurality of
nodes In the subsea network configured to act as a subsea data server; and

on recelving, at any node of the subsea data server, a request for access to
data stored In the mass subsea data store provided across the plurality of nodes,
the subsea data server retrieving the requested data from the data store and
causing the requested data to be sent over the subsea network to the intended
recipient;

wherein the plurality of nodes In the subsea network providing the mass
subsea data store are subsea electronics modules for use In a subsea installation;
and

wherein the mass subsea data store Is a distributed data store across mass

storage provided by plural co-operating subsea electronics modules.

2. A method as claimed in claim 1 wherein data in the mass subsea data

store IS stored In a replicated fashion across more than one of the subsea electronics

modules.
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3. A method as claimed In any preceding claim, wherein the nodes in the
network providing the mass subsea data store are connected as peer nodes in a mesh

network.

4. A method as claimed in any preceding claim, wherein the nodes
configured to act as the subsea data server are configured to handle and serve

requests In accordance with the hypertext transfer protocol.

5. A method as claimed in any preceding claim, further comprising receiving
data from top side via a data transfer subsea from a mass storage device of a remotely

operated vehicle (ROV) and storing it in the mass subsea data store.

O. A method as claimed In claim 5, further comprising making data received
via the umbilical and stored Iin the mass subsea data store available to other nodes In
the network and network accessible subsea equipment, and serving requests at the

subsea data server therefrom for access to the stored data received via the umbilical.

/. A method as claimed Iin any preceding claim, further comprising:

storing, at the mass subsea data store, data generated by subsea
equipment; and

transferring at least some of the data generated by the subsea equipment
stored In the mass subsea data store top side by one or both of:

sending the data over the umbilical as low-priority network traffic using

avallable umbilical bandwidth:
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performing a bulk data transfer by moving a mass storage device containing

the data from subsea to top side.

8. A method as claimed in claim 7, wherein performing a bulk data transfer
by moving a mass storage device containing the data from subsea to top side
COMPIrises:

transferring the data subsea to a mass storage device on a remotely
operated vehicle (ROV); and

bringing the data top side using the remotely operated vehicle.

9. A method as claimed in claim 8, wherein transferring the data subsea to a
mass storage device on a remotely operated vehicle (ROV) comprises one or more of:

using a wet mateable connector to provide a wired connection between the
subsea network and the mass storage device on a remotely operated vehicle
(ROV),

wirelessly communicating the data between the subsea network and the
ROV using a wireless networking protocol;

using free space optical communication;

using an acoustic link.

10. A method as claimed in claim 7, wherein performing a bulk data transfer
by moving a mass storage device containing the data from subsea to top side

COMprises:
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transferring the data subsea to a mass storage device arranged In a
pbuoyant housing;
releasing the buoyant housing and allowing the mass storage device to

float top side.
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