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Sammendrag:

An inspection, monitering, maintenance or construction task is performedon a subsea structure by using an
underwater vehicle to carry a submersible package (24) to the subsea structure. The package comprises a tool
or sensor arranged to perform the required task on the subsea structure, and an on-board 5 power unit and
controller arranged to power and control the tool or sensor. The package is transferred from the underwater
vehicle (1 O) to be supported by the subsea structure. The underwater vehicle can then stand off from the
package. While the package is supported by the subsea structure, the tool or sensor of the package performs
the required task on the subsea structure, powered and controlled by the on-board power unit and controller of
the package
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Tools and sensors deployed by unmannsd underwater vehicles

This invention relales 1o tools and sensars for use by unmanned undsiwater vehicles (ULIVS)
in subsea operations, such as those related 1o offshore oif and gas production. The invention
also relates to methods for using UUVS, tools and sensors in subsea operations.

it is-often necessary to perform inspection, monitoring, maintenante and tonstiction tasks
during subsea operations. Below diver depth; such tasks are generally performed by UUVs
such as remotely-operated vehicles (ROVs), autonomous underwater vehicles (AUVS) and

autonomous inspeciion vehicles (Alvsh

ROVs are characterised by a physical connection to a8 surface support ship via-an umbilical
tether. The tether carres power, data.and control signals and so-enables long-term operation
of the ROV, albeit limited in working radius relative to the support ship by the length of the
tether.

Work-class ROVs are large and powerful encligh to petform a variety of subsea maintenanges
and construction tasks, for which purpose they may be-adapted by the addition of specialised
skids:and tools in 2 modular fashion. For exampls, WO 03087448 describes how an ROV
may heed different tools for different operations and so may be deployed with g set of
interchangeable tools. Such tuols may, forexample, inciude torque tools and reciprotating
tools driven by hydraulic or electric motors or actuators. Hydraulic motors or actuators run on
pressurised hydrautic fluid, typically supplied by a skid coupled to the ROV, For the purposes
of this specification; a skid may be regarded as part of the ROV or other DUV to which itis

coupled.

Inapection-class ROVs are smaller but more manoeuvigble than work-class ROVs to perform
inspection and monitoring tasks: although they may aiso perform light maintenance lasks
such as-cleaning using suitable tools. In addition to visual inspection using lights and
cameras, inspection-class ROVs may hold sensars in contact with, or in proximity to, a
stbses structure to inspect and monitorits condition or other parameters; A subised shructure
can be-any squipment instalfed subséy, including pipelings; manifolds, valves’ structural

supports, mudmalts, buoyancy tanks, risers, umbiiicals and so on.

Examples of sensors usad on subsea structures arg'a CF probe to test cathodin protection
and a UT gauge 1o measure thickness ultrasonically and so to monitor the effects of

corrasion: Such sensors require electrical power, which again is supplied rom the ROV,

AlVs and AlVs are gutonomous, robotic counterparts of work-class and inspection-class
ROVs respectively. They move fram task to task on a programmed course for limited periods
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without a physical connaction 1o 2 surface suppor ship: Howevar, they must make frequant
trips to the surface or t0 & subsea garage for battery recharging; they also require iarge
batteries for adequate endurance belween racharges. A wirgless data connection is typically

usedio download instructions to, and toupload datafrom, gnAUN.or A

Hybrid ROVs or HROVs gra also known they can operate eitherautonomously like AUVs or

vig a physical connection to a support ship like ROVs.

To avoid the need fora LUV to make a lengthy trip 1o the surface whenever iools oy sensors
are 1o be interchanged, a setof tools or sensors may be stored in a deployment basket thatis
iowered {0 a suilable lacation so that the ULV can fetch and coupie the appropriate tool or

sensor o itself as and when necessary.

The chiosen tool or sensor may be hiid and manipuiated by a manipulator arm of the UUY, Jor
which purpose the too! or sensormiay have a-handle that is shaped o be held by a.grab on
the manipulator arm. It is of course possible instead for g tool orsensor to be mountedto g

hull or other structure of the ULV or inlegrated with the UUV.

Inspection, menioring, maintenance-and construction tasks take significant periods aitime to
complete. During those periods, UUVs performing those tasks must remain on station to
support, control and provide power to thetools or sensorg they use. This ties up the UlVs

and makes them unavailable for ather tasks.

The result may be toprolong the project or to require the use of additional UUVs, if the
paraliel use. of multiple UUVs i5 feasible. Both oluicomes invoive great expense. In particular,
tying up-a ULV that depends upon a support ship - particularly an ROV thal remains tethered
to the ship - ies up the ship loo. Support ships may cost hundrads of thousands of US dollars
a dayto operate. Also, ag support ships maycost tensqaf millfons of US dellars in wapital

outlay, any delays will tie up a valuable capital assetl.

Several patent applications describe how an ROV may betethered to a subses umit such as a
power unit, atether management systerm ora subsea garage. Examples are disclosed in US
3880103, GB 2453645, WO 01/214786, WO 01/21478 and WO 01/21478. Conversely, US
2012/289103-and- WO 02/084217 discloseuntetherad AUlVS.

WO 01753149 describes a deployment basketithat carries a main work RGOV and a mini ROY
and has respective tether managerment systems. The main ROV and the mini RCV can
gooperate to pedornm a task, or one ROV can halp to rescue the other in the event of a
problem such as entanglement. Also, if a problem arises with the main ROV, cartain functions
can continue to be accomplishad by the mini ROV as a backup until the main ROV can be
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replaced or repairad. However, this is a costly approach that undesirably increases the total
number'of ROVS in Lse on 4 project. Also, by linking ROVs via their tethersifothe shared
daploymant basket, the problem of ROVs having {6 remain on station is exacerbated because
bioth ROV must complete theiraliolied tasks bafore either ROV cap comeolf station,

WO 2009/061 562 discloses a system for subsea work, in which multiple untethered AUVS

cooperate with a central docking station. The AUVs retun to the docking station periodically

o reprogramyihernand to charge their batleries. The docking station frees g support ship from

having to remain on.station at the surface. However, as different AUVS are used for different
10 tasks, the system described in WO 2009/061562 is complex, expensive and inflexible,

US 5947051 describes a seif-propelied ‘'surfage-adhering’ underwater robotic vehicle, The
vehicle can move iisglf through waterto atiach iself to gn undemwater structure. The vehicle
can then move aleng thatstructure to perform various tasks. Tools and - measurement-and

15 inspeclion devices are carried by the vehicle as gppropriale for the tasks required. Alse, an
snclasure gan be purgedic provide a dryenvitonment for-accomplishing tasks undenwater
such as hull cleaning and welding. However, the vehicle described in US 3847051 is buky
and costly: being, in effect, an ROV with additional surface-crawling capabilities and on-board
tools and sensors, i Hes up an ROV (namely, itsell) untibit has parformed the task it is

20 programmed fo do

WO 2013/040226 describes an autonomous skid, which-exchanges data with, and is
recharged by, an ROV. However, such a skid cannot be deployed by an ROV it has to be
carvied and deployed by a surface vessal.

25
it is known for subsea control modules of manifolds or weliheads to be instalied and retrieved
by a UV, Howevar, the purpose of such modules is not'to'parform inspaction, monitoring,
maintenancs pr construction tasks on asubssg structure: they cannot be regarded. astoals or
sensors designed for such purposes. Also, such moduies are not autonomous as they have to

30 be connected 10 a power supply from the suiface vig an umbilical.

Small seif-powerad avtonomous subsea units such as ransponders and beacons are aiso

knowsn. Whilst they are typically UUV-portable, such units generally interact with a surface

vessel ratharthan with the-UUV thatcarrias them. Also, such modules-and units are not tools
35 orsensors that are capable of parforming specificinspection, monitoring, maintenance or

construction tasks on a subsea structure such as g pipeling.

WO 2013/048577 describes an underwater vehicle having an arm which carries a package for
monitoring & subsea structura. The underwater vehicle and the package form an assembly
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and remain as such for the duration of the assembly being submerged. The vehicle remains
attached to the package whilst the package monitors the subsea siructure.

WO 0198140 describes an underwater vehicle which can be either manned or unmanned, A
chassis is-also-daseribed. The chassis may b in the formrof a digger and-has severalcones
typrovidge guiding formations as 'well gs powerand datatransier fromthevehicle tothe
chassia. Crdinarity; the chassis remains onthe sea bed. When mechanical operations, such
as digging, are required the vehicle connects to the chassis to controbthe chassis. Once
operations have been completed, the vehicle is removed from the chassis which remains on

the sea bed until future operations are needed.

JPH 08145733 describes an underwater vehicle which is connected to a mother ship by a
cable so as o be controlled thereby. The vehicle carres a package during descent from the
muother ship to the sea bad. A fibre optic cable connects the vehicle to'the package. Once
the vehicle reaches the sea bed, the fibire oplic cabie is severed to disconnect the package
fronethe vehicls. A camera and a fight are provided onthe packags o perform surveillance
activities whilst the package is stationary on'thie sea bed. Buoyancy of the vehiclg is
increased by virtue of disconnection from the package such that the vebicle fiosls up to the
mother ship. Accordingly, after detachment, the vehicie is no longer available undenwater for
anysubseatasks: In addition, thevehick is no longer in communication wilh- the package
afterthe fibre optic cable hasbesniseverad. I order to raisethe package, asignal ig'sent

fram the mother ship to'the package to release a weight 1o increase buonyancy of the package.
it is against this background that the present invention has been devised.

From ane aspact, the invantion resides in a method of performing an inspection, monitoring,
maintenance or construction task onva-subsea structure: The method comprises: moving an
underwater vehicle to carry a submersible package comprising a tool or sensor to the subsea
strusture; ransierring the packans frithe underwatsr vehicle fo be supported by the
subsea stauoturs - and-performing the task on the subisea struciure using the tooh.or sensar of
the packags powered from an on-board power unil of the package, while the package is
supported by the subsea structure and the underwater vehicle stands off from the package to

remain avaiiable tnderwater for performing, supervising or conirolling gnother subsea task.

The underwaiar vehicle may stand off from the package o remain available underwater for

communicating with the package,

The underwatervehicle may stand off from the package to remain available underwater for

providing power to the package.
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The on-board powerunit may be supplied, charged or replenished from an exdermal energy
source while the package is supporied by the subsea structure. However, the tool or sensor
may be. powered from the on-hoard power unit while the package is nol connectad to the

externgl energy source,

A program is suitably run on board the packags, or the package is otherwise conirolled, to
perforvi the task attonomaiisly or semi-autonomously of the tinderwater vehicle. Preferably,
the package is'at least pardially self-controlled to perform the task

Data may be communicated batween the package and the underwater vehicle while the
underwater vehicle stands off fromthe package: In that case the underwater vehicle.may
relay data from the package 1o a suitable receiving point. it is alsc possible for the data to

comprise control signals sent from the underwatervehicle tothe package.

The package may be moved relativedo the subsea struciure while the package is supported
by the subsea structure after being transferred from the underwater vehicle. Preferably, such

miovement of the package relative 1o the subsea structure is self-propelied.

When the task has been compieted or interrupted, the package may be transferred from the
stbseg structure 10 an uidenvatervehicle: Than; the underwater vehicle may be moved to
carry the package to a location at which the package is stored or recharged or replenished or
data is downloaded from the package. Once recharged or replenished, the package may be
carriad to a subsea structure to perform another fask on that structure.

Upan.its transfer from e undénwaler vehicle, the packags may be attached 10 a mounting
structure such as g rail or brackel previously attached to the subsea structure.A rail is an
example of a mounting structure that allows the package to be moved along the mounting

struciure, relativertothe subses structurs, after being attachad o the mounting structure,

The inventive concept embraces.a submersible package that is atiachabie to g 'subsea
structure and that is dependent upon-an undepwalervehicle for movement through water to
the subsea structure, The package of the invention comprises: atool or sensorarranged to
perform an inspection, monitoring, maintenance or construction ask on the subsea struciure;
an on-board power unit arranged 1o power the tool or sensor 1o perform the task; and an on-
board controlier arrangedto controt the tosl crsensor tosperfonm the lask.

The package suitably further comprises an aftachment facility for attaching the package to.a
subsey structure and/orio-an underwatervehicle. The package preferably further comprises
an on-board aftachment and release systen that is arranged fo drive-the atlachment facility.
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The controller is suitably programmied to condrol the tool or sensor to perform the task

agtongmoushyor semi-autonomously of 8 host.undernwater vehigle.

The package of the invention may furthercomprise an on-board drive system arranged fo ast
on'a subsea structure 1o which the'packags is altached, to move the package relative to that
struciure when performing a task of tasks at diffsrent’locations onthe structure.

The package of the invention may further comprise an on-board inpul/output module arranged
0 transmit data 1o an extemal recsiver andiorto recsive command signals from an exderal

controlier,

The inventive concept extends o a system for performing an inspection, monitoring,
maintanance or construction task on a subses structure. The system of the invention
comprises: 8 submersible package of thednvention; an underwater vehicle movable to carry
the package to the subsea siructure;and a transfer arrangement for ransfarring the package
from the underwatervehicle to be supported by the subsea steucture, whereby the underwater
vehicle is mavable while remaining underwater to stand off from thie package while the
package i5 supporied by the subsea structure for the tockor-sensor of the package to perform
thetask onthe subsea struclure,

For example, the package may be carred o the subsea stiucture by a manipulstor of the
underwater vehicle. Such g manipulator may serve as the transfer arrangement of the

systam.

The system of the invention:may further comprise a deployment device forlowering the
package separately from the underwalgrvehicle, fromawhich device the underwater vahicle

can fatch the packags underwater ta camy the package fo the subses stiucture.

Briefly to summarise the invention, an inspection, maonitoring, maintenance of construction
task is parfonned on a subsea structure by using an underwater vehicle to carrya
submgrsible package to the subsea structure. The package comprises a tool orsensoer
Arrangsd to perform the reduirsd task onithe subseastructure, and an or-board power unit
and controller arranged to power and control the tool or sensor and other aptional systems of
thepackage.

The package is transferred from the underwater vehicle 1 he supporied by the subses

structure: The underwater vehicie is then free o sland off from the package and to perform
cther tasks, athough the vehicle may rstain @ masterslave relationship with the package i
some extent: While the packags is supported by the subses structure, the tool or sensorof



10

15

20

R
wi

30

35

40

DK 2016 70305 A1

ihe package performs the reguired task on the subsea struciure, powersd and controlied by
the on-board power unit and controller of the package.

The principle of the invention is that self-powered and seli-functioning tooling and instrument
packages can be deployed 1o a subsea structure by a UUV, either by a standard ROV oran
autonomous WUV such as an AUV, The ULV then stands off whilst the deployed package
operates. However, the UUY may remain involved in controlling, menitoring or sevvicing the

package while the package performs its designated task on the subsea structure.

The tooling and instrument packages of the invention can comprise standard tool or sensor
systems, for example torque tools or pressure«, temperature-, CP- or environmental-sampling
units: The packages may also include: a deployment vehicle attachment mechanism; a
structure altachment méchanism, which may also serve as the deployment vehicle
attachment machanism; seif-containad powarand computercontrol, a data transmission
system; a seff-propetling mechanism; if required;-and a-cleaning facility, if required for sensor

deployment or tool use.

One or more packages can bealtached to or otherwise supporied by the UUV at the surface
ard then carried by the UUV undenwater, The YUV can then deploy the package(s) onthe
subsea structure ofinterest and, after uss, recover and retumn them to the surface or another
desired location. Alternatively ong or more packages can be deployed to the seabed
separately from g UUY, for example in a deployment basket. The WUV can then dock with
and collect the package(sy from the deployment basket, deploy them op the subsea structure
of interast and, afier use, recover and return them fo the deployment basket.

Packages of the invention may, forexampie, be attached {oa UUV or other deployment
system'via 4 mechanicatl dock or an slectromagnet, or may be held in & manipulatoror

another structure of & UUY.

in use of the sysiem of the invention, a UUV will approach and ailach a package to a subsea
structura, using a caplure device that may be on the packags itseif and/or on the structure.
After use, a release mechanism will be activated, preferably by the ULV, 1o recoverthe
package and refurn it to the deployment basket or the surface. Again, the release mechanism
may be implemented on the package and/or on the structure,

Onee deployed by a host LUV onlo a subses structure, the ULV stands off and remains
available underwater for performing, supervising or controfling another subsea task. The
package will perform its designated task, preferably autonomously or semi-autonomously of
the ULV,
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The degree of autonomy of the package depends upon the arrangements made to power and
control the package when itis in place on the subsea structure, separated from the physical

support of the ULV that caried i to the structure.

in terms of powsr, the package can operate fully autonomously if il is seif-powered, at least
untii an on-board ot inlemal power source of the package requires replenishiment. inthat
sense, the package can operate semi-autonomousdy in power terms if it needs to be
connectad oply intermittently to an exteral power source for charging or replenishment of an
internal power-source suchasa battery, forexample via a power cable extending to g YV or
indend to another exiernal power source such as may be provided on of near o the subsea

structure.

it is preferred that charging or replenishment of an on-board power source of the package can
be condusted while the package remains supported by the subsea sttucture. However it is
possible additionally or alternatively for g ULV to delach the package from the subsea
structure and carry itto another location for recharging or replenishment, such asioa
suitably-squipped subisea garage or deployment basket,

it is-also possible for the packags 1o operate non-autonomously in power terms by remaining
connecled to an'exieral power sourge while performing its designated task. However, ifthe
external power source is a LUV, such & connection via a cable may undesivably restrict
movement-and hence parallel functionality of the UUV.

in terms of control, if operating fully autonomiously, the package may perforny its designated
task substantially without external contral inputs from the UUV or elsewhera. However, an
external iriggering signal from a UUV or other exdernal controller could, for example, beused
io start, stop or pause a programmed routine that the package can carry oul to perform a task

without requiring exiernal controlinput during that routine.

if operaling semi-autonomously in control terms, the package may perform its task with some
but not all of its behavicurdetermined by exdernal control signals: For example, the package
may be'mogrammed 10 execute various sub-routines without reguiring external contral input
during those sub-routines: However whether and when to-exgcule a particular sub-rodtine
imay be subisct 10 the package reporting its status to an exiernal controlier and waiting for a
suitable triggering signal from that external controlier to initiate the appropriate sub-routine.
An extemnal cantroller may be located on the ULV, located glsewhere onor naar fo the

subseg structure orlocated atthe surface, under the direction.of a human operator.

As ahigh degree of autonomy such as self-power and on=board control are preferably built
into the package rather than the host UUV, this removes the need for the ULV to remain in
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ihe vicinity while sensar measurements are taken or other operations are periformed on the
subsea structure by the packags. The ULV may also be freed if power and/orcontrobars
provided to the package from another extsmal source on or near i the subsea stiucture,

Non-autonomous operation is also possible in control terms, in which externa! control inpuds
determing substantially the entire behaviour of the package. Such inpuls may be provided by
the LUV while the UUV stands off and is available for ather tasks, or by ancther external

controlleriocatad on or nearte thesubsea siructure orgt the surface.

Thus, a UUV may be used as g ‘master subséa power and/or data relay to coritrol ore or
more ‘'slave’ packages, for exampie packages with monioring or sensor functionality, The
UV is therefore freeta parform other tasks; minimising tie-up of the:UUV and of any
assuciated surfats suppon vessel Afterwards, the host UUY, ora different ULV, comes bagk
and picks up the package for storage and maintenance, for axampls io upload dats and
racharge the batlery before re-use, As the package will generally be small and so has small
batteries and storage relative to'a UUY, it has limited autoromy and other capabilities
compared 1o an AUY for example. i padicular, the package need not be capable of self-
propuision through-water and so can omit thrusters.and the related propulsion and powar

systems that characlerise a UUV,

if order thiat the invention may be more readily anderstuod, reference wilf now be made, by

way of example, to the accompanying drawings, inwhich:

Figure 1 is & schematic perspective view of an ROV suspended from a-sufface
support veasel, being lowered {o the seabed while carrying one or moke autongmous

packages in accordance with the invention;

Figine 2 i a schamgtic perspective view of an AUV moving to interact with a
deployment basketlowerad from a surface support vessal onto the seabed, the

pasket carrying multiple autonomous packagesin-accordance with the invention;

Figure 3 is.an enlarged schematic perspactive view of the AUV of Bigure 2 aboul to
grab one of the packages from-the deployment basket on the seabad;

Figure 4 is a schematic perspective view of asubsea structure 1o which the AUV of
Figure 2 is attaching, or from which the AUV is removing, two of the packages

grabhed from the deployment basket,
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Figure 5is a schematic perspective view that shows wireless data communication
betwean a package atiached 1o the subsea structure and the AUV standing off from

the packags,

Figurs & is a schematic perspective view corresponding to Figure § but showing the
alternative of wired data communication between the package and the AUV,

Fiaure 7is a schematic perspective view showing an aufonomous package in
acoordance with the invention attached to a subsea strugiure via a prefabricated

docking bracket provided on the struciure,

Figure 8 is a schematic perspegtive view showing an autonomous package-in
stcordance with the invention attached to & subsea structurgvia a rail along which

the package-can move-along the-siruchure,

Figure 9 is a schematic perspective view showing an autonomous package in
aocordance with the invention atiached to g subsea structure vig g strap along'which

the package can move arcund the structure,

Figure 10 is a schematic cross-sectional view of the package, rail and subsea

structure shown in Figure 8; and

Figure 11 is a block diagram of the main aystems contained in an autonomous

package in‘accordance with the invention.

Figure 1 of the drawings shows a first embodiment of the invention in the context of an ROV
10 being lowered toward the seabed 12 from a surface support vessel 14, In conventional
manner, the ROV 10 is joined by a tether 18 to a tether management syster 18 that is

suspended from a winch 20 on the vessel 14 by an armoured cable 22,

The ROV 10 takes electrical power from the vessel 14 via the tether 16 and the cable 22,
Two-way data signals including control signals and video signals follow the same route
betwien the vessel t4-and the ROV 18

in acoordance with the invention, the ROV 10 carries one or more auionamous packages 24
with-tool and/or sensor functionality. In Figure 1, one of those packages 24 is shown held by 2
manipulator arm 28 of the ROV 10 during transit to the seabed 12. For this purpose, the
package 24 may be provided with g handle shaped to be grabbed by the ROV 10. Such a
handle may take any well-known form, such as & fishtail shape, and so has been omitted from

the drawings for clarity.
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it i5 also, or alternatively, possible for oneg or more packages 24 1o be supparted eisewhare on
the ROV 10: To illustrate this, Figure 1 shows ancther package 24 in dotied lines, attached to
the hull of the ROV 10 by a releasable connection sugh as a mechanical connector or an
slectromagnet. The connection may be driven eitherby the package 24 or by the ROVA1D
when the package 24 is to be atlached or released.

Figures 2 and 3 'show'a sscond embodiment of the invention inthe context of an AUV 23. In
Figure 2, the AUV 28 is shown moving Towarn & depioyrment basket 30 that nas been lowered
to the-seabad 12 on a wire 32:hanging from the winch 20 on the suface supportvassel 14
The deployment basket 30 carries one ormore (in this simple-example, two} avtonomous
packages 24 in accordance with the invention, In Figure 3, the wire 32 has been detached
fromn the basket 30 and a manipulator arm 34 of the AUY 28 is gbout to.graly one of the
packages 24 o remove it from the basket 30. Again, the package 24 may have 3 handle
shaped to be grabbad by the AUV 28 but this has been omited from the drawings for clarity.

The ALV 28 then carries the package 24 from the basket 30 to a subsea struciure to perform
tasks such 8s inspection, maniloting or maintenance, aswill be describad below with
referance o Figures 4 to §. Figures 4 to 8 continue with the example of an AUV 28, However,
it should be appreciatad that a different ULV ~ such as the ROV 10 of Figure™1 - could be
usad instead of an AUV 28. Also, the AV 28 could carry one of more packages 24 attached
to its hull in the manner shown forthe ROV 10 of Figure 1.

Refersing nexd, then, to Figure 4, an AUV 28 is shown attaching a package 34 to a subsea
structure exemplified hereas g pipeline 36. In this-example, the AUV 28 has already attached
a4 package 24 elsewhere on the pipeline 36 before; if necessary returmning to the deployment
basket 301y fetoh anothsr package 24, Thisis 1o showthat one ALY 28 can install ~and then
interact with and then remove - mare than one package 24. However, it is of course possible
forthe AUY 28 to install, interact with and remove-only-one package 24. For simplicity,
interaction with a single package 24 after its instaliation will be desaribad with reference to

Figures 510 8.

Figures 5and & show the AUV 28 stood off from g package 24 after atiaching the package 24
fo the pipeline 38, Opce the packags 24 is attached tothe pipeline 36, it can pedorm tasks on
the pipeline 38 that are pre-programmad and/or under the control or supervision of the AUY
28 Forexample, the package 24 mayunderigke olganing or other intervention.an the pipeling
36 before megsuring & parameter of the pipeline 38 such as s thickness using a sensor such
45 a UT gauge. Alternatively, the package 24 may have toel funclionality, for example g drill
orother cutting devics o cut-away acoating on the pipeling 36 In readingss for subsequent

constiuction operations.
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Meanwhile the AUV 28 is free to perform other tasks, although itmay remain contindousiyor
intermittently in two-way data communication with the package 24 by a wireless fink 38:as
shown iy Figure 5 or by-gn-umbilical connection 40 as:shown in Figure 8. The data
communicated may comprise control signals from the AUV 28 to the package 24-and
feedback and sensor signals from the package 24 to the AUV 28. Sighals received by the
AUV 28 from the package 24 may be relayed continuously or intermittently from the AUV 28
to a suitable receiving point at a-subsea or surface location. Optionally, signals received by
the ALV 28 may be stored in memory on the AUV 28 or pre-processed on the AUY 28 for
later downioad, for example when the ALV 28 returns 1o a stibsea garage or to the surface for

recharging and reprogramming.

In comparison with the wirsless connection 38 of Figure d, a wired connection as shown in
Figure 8'higs the-advantage of being ableto powsr or chargsthe package 24 fromthe AUV
28. However, a wired connection-also has the disadvaniage of restricting movement of the
AUV 28 while the connection 1s maintained, or of having to makeand break the connection if

the conngction’is tobe intermiitent.

inthe simple examples shown in Figures 4 to 8, packages 24 are attached to the pipeline 38
without requiring adaptation of the pipeling 38, Forthis purpose, packages 24 could include
arms arranged to embrace, encircle or clamp to a pipeline 36 or other subsea structure, or

pads-arranged for attachment to the structure by-electromagnetismi'or suction.

Figures 7 to 10 show how 2 subsea structure such as a.pipeline 36 may be adapted to enable
or facilkate attachment of a package 24 of the invention, by the addition of a mounting
structire arranged 1o support the package 24. Such-adaptation may be made.during
fabrication of the structurs or after installation, for exgmple by a UUV that subsequently

instalis the package 24.

By way of example, Figure 7 shows a bracket 42 as an example of a package suppor that is
suitably attached to the pipsline 36 during its fabrication to define a convenient attachment
point for a.package 24. The bracket 42 and the package 24 suitably have complementary
intarengageable formations for releasable attachment of the package 24 1o the bracket 42
and hence o the pipeling 36, In this exampla, the bracket 42 defines a socket that receives
the package 24, atthoughvotherformations are possible such as a stud or pin onthe bracket
42 that'engages into'a socket in the package 24.

The package suppait solutior outlined in Figure 7 is convenientwhere measurements.are to
be taken pariodically during the life of the pipeline 36 al known, pre-pianned locations. inthat

Gase, a sénsor packags 24 can besvoved belween various ones of suchsupports o monitor
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the condition of the pipeline 38 gt different locations. Alternatively mulliplersensor packages
24 van beinstalfed in paralisl on respective supports to monitor the condition of the pipeline

38 simulianeously at muitiple locations.

Figures 8, 9 and 10 show guides that can be attached fothe pipeline 36 to aliow the package
24 to move relative to the pipsline 36, The guide in Figures 8 and 10.s a rail 44 that exiends
along the pipeling 38, whereas the guide in Figure 9 is a strap 46 that exiends-around the

pipgline 38,

in sach case, the guide44, 48 and the packages 24 may have complementary formationstc
anable thelr inter-engagemant, although other sflachment systems:such as magneticsystems
are possible. Forexample, Figure 10 shows that the rail 44 of Figure 8 may have a T-shaped
cross-section to be embraced by a C-shaped cross-section of the package 24.. The stvap 46
of Figure @ may have a similar cross-section to the rail 44 of Figure 8.

Figure 10'shows, schematically, how the package 24 may te constructed to atiach ip the
guide 44, 46 and hence fo gtiach to a subsea structure to which the guide 44, 46 is mounted.
in this example, the guide 44, 46 is a T-section rail 44 and the package 24 comprises arms 48
that are spaced to embrage the rall 44, An aftach/reiease mechanism 50 comprises a pawl 52
on one of the grms 48 that is driven by a double-acting gctuator 54 o engage behind an
enlfarged head portion 56 of the rail 44. A single-acting aciuator acting against spring bias

could be used instead to drive the pawl 52,

When the package 24 is attached to the guide 44, 46, & sensor payload 58 in the package 24
is brought into contact with the pipeline 36 or at least into proximity to the pipeling 3640 be
within sensing range. The sensor payload 58 may be replaced or supplemented by a ool
payload ifrequired, such 85 a cleaning head ora culting device,

Figure 10 also shows, schematically, a drive systemn 80 that enables the package 24 to drive
itself relative to the guide 44, 46. In this example, ong of the arms 48 of the package 24
includes 3 pinion gear 62 that, when the pawl 52 is'engaged with the rail 44, engages with a
toothed rack formation extending along the rail 44. The drive system 80 further compiises a
motor/gearbox assembly 64 that turns the pinion gear 62 to-advance the package 2410 a
desired position along the rail 44 with respecito the pipeline 38. The package 24 may, for
axample, be 'moved alonyg the rail 44 toa succession of differant positions to obtain g

succession of measurements at those positions.

The brackets 42 of Figure 7 and the guides44, 48 of Figures 8 and § can be altached to the
pipaline 38 on g vessel of al'g spooibase during fabrication; oron the seabed by a ULV after

instaiiation.
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Turning finally fo Figure 11 of the drawings, this block diagram shows the'mainsystems that
are contained in: an.altohomous package 24 of the invention. An on-board power unit 88
provides slectrical (or, as appropriate, hydraulic) powsr o all of the other systems, including
an on-board controlier 83 that provides control signals to and receives feedback signals from
an attachmentireisgse mechanisn 50, adrive system 80, an input/output module 70 and a
fool/sensor payioad 58. A data processing/storage unit 78 also powered by the power unit 88
interfacas with the controlier 68, the input/output module 70 and the-tool/sensor payload 58.

The gttachmentrslaase mechanism 50 of the package 24 can be electrically or hydraulically
powered andis used to atiach the package 2410 a subsea structars for example using the
ali orsirap guides 44, 48 shown in Figures 8 gnd 9 and further explained with referenceto

Figure 10,

The drive sysfem 88 ofthe package 24 can be eloctrically or hydraulically powered and is
ussed toself-propel the packags 24 refative fo ihe subsea structure ongethe package 24 is
attached fo the structure, for example using the rail or strap guides 44, 48 shown'in Figures 8
and-S:

The input/output moduie 70 of the package 24 is elecirically powared to ransmil data o and
i receive command signals from a stand-off LUV, sither wirelessly as shownin Figure 3 or
by a wirsd connection as shown:in Figure 8. An external controfier othar than a UUV could be
used instead to receive data from and 1o transmil command signals to the inputfoutput

module 70.

The tool/sensor payload 88 of the package 24 can be electrically powered, if 4 foo! or sensar,
or hydraulically or slectrically powerad, if atool. A combined tool and sensor payload 58 may

be employsd; forexample a cleaping tool In confunction with a sensor

The data processing/storage unit 72 ofthe package 24 is eleclrically powerad 1o process.and
store data received from orto be sent to the controller 88, the inputioyiput-module 70 and the

toolsensor payload 88 gs'approprigte.

The-autonomous packages 24 of the invention-ars suitable for atachmentio various subses
structures other than pipelines, such-as trees, manifolds, spurs, platform members and bulls:

The invention is not limiled to hydraulic tools: sleciric tools are also possibie inaulonomous

packages 24 of the lnvention.
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Many other variations are possible within the inventive concept. For example, an ROV 10 as
shown in Figure 1 could be used'in conjunction with a deployment basket. 30 g5 shown in
Figure 2; conversely, an AUV 28 could be used without the deployment basket 30 shown in
Figure 1, for example instead canying packages 24 from the surfacein the manner of the
ROV 10 shown in Figure 1.

An urmbilical connection 40 between a ULV and a package 24 as shown in Figura § may be
used for recharging a power unit 86 in the package 24, without necessarily also requiring data
transfer along the umbilical 40, In that case, data transfer between the ULV and the package
24 can be effected wirelessly and the umbilical 40 can be disconnected as soon as the power
unit 88 of the package 24 is.charged, freeing the YUY for other tasks outside the working

radius permitted by the umbilical 40.

The attach/reléase mechanism 59 and the drive system 80 of the package 24 are optional.
Forexample, an attach/release mechanisn-50 could be implemented on the subsea struclure
{0 engage wilh a passive gocking formation orrthe package 24 suchas g 'stud, a socketor a
hook. Also, it is not essential for a package 24 to be capable of moving itseif arcund a subsea
structure. For-example, it is-notessential forthe package-24 to be-capable of movement at-ail
once attached to the subsea structure, as willbe apparent from Figures 4 1o 7 of the
drawings. Alternativaly, the subsea structure could instead support a carriage that moves the
package 24 around the structure once the package 24 is atlached to the carriages.
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1. A mathod of inapacting, monitoring or maintaining 8 subses struchurs or performing &
congtruction task on a subses siructure, comprising:

mgving an undenwaier vahlols {6 carry g submersidia package eompriaing a ool ar
sehact (o the subasa structurs,

fransfaiting the packegs from e underwatervshicle 1o be supportad by the subses
struciure; and

inepacting, monitoring or maintaining the subeea struciure or perfonming the
copairsction task on the aubesa strusiurg using the todl or sensor of the packege
powered from an on-board powsr unit of the packags, whils the package is
supported by the subsea struciurs and the underwater vehicle stands off from
the paskage 1o remaln available underwater for performing, supanising or
eontrolling another subsea task,

2. Tha mathod of Clalm 1, wherein the undenwater vahitﬁg gtands off from the packaga o
ramaln avallable underwater for communicating with the package.

3. The method of Clam 1 or Claim 2, whersin the undsnwater vehicle stands off from the
packags to remain availabie underwalsr for providing powar to the packags.

4. The methed of any precsding claim, comprising supplying, charging or replenishing the on-
bosrd power unit from gn extemat energy source while the package is supparied by the
subsaa struciure.

§. The melhod of Clalm 4, comprising powering the tool or sensor fromy the on-bosrd power
unibwhite the packags s not connacied to the exiemal ensigy sotircs.

&. Tha mathod of any precading claim, comprising runding a program on board the packags.
gr othenaise contraiiing the packags, o perform the task sufonomaousty af semb-auinnumously

of the underwaber vehicls.

7. Tha method of Clalim &, wharein the packege I8 5t lsast partially salf-controlled to performs
the task.

8. The methad of eny preceding olaim, further coreprising aommunioating data between tha
package snd the underwater vehiole while the undarwster vehicle stands off fromvthe
package.



DK 2016 70305 A1

17

9. The method of Clalm 8, whereln the underwatervehicls relays data fram the packsge (o a
receiving point.

10. The method of Claim 8, wherein the dals eamprises control signale sent from the
undsrwaler vehicle {0 the package.

11. The method of any preceding claim, wherein the underwater vehicle performs another
task while it stands off from the package.

12. The methad of any preceding claim, {ustharcomprising moving the packegs reistivetothe
subses struciura while the package i aupporied by ihe subsea slructurs altar baing
rensforrsd from the undenwater vehicie.

13 The mathed of Claim 12, wherein sald movement of the packags relalive to the subssa
strugiure Is self-propelied.

14. The mathod of eny preceding claim, further comprising transfarring the package from the
subses struettre 1o an underwster vehicle once the lask hag been completed or inferrupted.

15. The method of Clalm 14, further comprising moving the underwater vehicle to eary the
package to & looation ot which the package is stored or recharged or replenished or data s
downioaded from the package.

18. Tha methad of Claim {8, further comprising carrying a recharged or replaniched package
{0 8 subsea struciure to perform another task on that struciure,

17. Themsthod of any preceding claim, comprising attaching the package, upon ils transfer
from the underwater vehicle, to 8 mounting struchure previously attachad 1o the subsea

atruciure;

18. The method of Claim 17, further comprising moving the package along tha mounting
struciurs, relative 1o the subses structure, after altaching ths package 16 tha mounting
slruchurs.

19, A submaersibls package that is atfachable to 8 subssa structurs and that is depsndant
upon gn underwaler vehicle for movement through waler to the subsea slructure, the packege

comprising:
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a tool or sensor arranged to inspact, moniior ormainisin & subses structure orto
parform a consiruction fask on the subsea strucilire;

a0 on-bosrd power unit arranged {6 power the tosl or sensor to inspedt, monitor or
mainiain the subses structure or to perform the construction task on the subsea
structurs, the on-board power unit bsing reliant on the underwater vehials for supply,
charge or replenishment; snd

an on-board controlier amanged {6 contral the tool or sensor to perfomithe task.

20, The package of Claim 19, further comprising an attachment fasliity for gtlaching the
package loa subsea structurs and/or to an underwater vehlele.

21. The packags of Clalm 20, further comprising an on-hosrd atiachment and releacs system
arranged {o drive ihs altachmant facility of tha packaga.

22, The package of any of Clalms 18 fo 21, wherein the eontroller is pragrammed te sontral
the tool or sensor to perform the task sutoenomously or gemi-gutonomousiy of 8 hoat
underwaler yehicia,

23 Tha packsge of any of Clalms 18 to 22, further comprising anon-board drivs system
grranged{o act on @ subses siructurg (o which ths package ls altached, to movs the package
relative to that structure when performing » task or tasks at different locations on the

siruciure.

24, The package of any of Claima 19 t0 23, further comprising an on-board inputfoutput
module aranged to ransmit data to en exiomal receiver gndior 1o reselve command signeils

from an extemal conlrofier,

28, A system for Inspsciing, monitoring or maintaining a subsea
siructure or performing & construction task on & subsea structure, the system comprising:

& submersible packags as definsed in any of Claims 1910 24;
an undenwater vehicle movable to canry the packags fo the subeeag struchire; and

a trangfer grrangement for ransferring the packags from the underwater vehicle o be
subporied by the subsea sinuchurs, whershy the underwater vehicle Is movable whils
remaining underwater to stand off from the package whila the package s supponed
by ths subses structure for the foal or sensor of the package 1o inspadt, monitor or
mainialn the subssa strusture or {o perform the consiruction task on tha subssa

stryciura;
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wherain the underwaler vehicle is armanged and connectlable to the package to
supply, charge or replenish the on-bosrd powar Unkt of the package.

28. The system of Clalm 25, whetein the packags Is cartied to the subsea sliiclire by a
manipulator of the underwaler vahicls.

27. The system of Claim 25 or Claim 28, wherein the transfer grrangement includes s
manipuistor of the underwatarvehicie.

2B.7The systsr of any of Clalma 25 to 27, further comprising e daployment devicefor
lowsring the package separately from the underwater vehicla, from which device the
underwaber vehicls can felch the package underwater to carry the packags lo the subsea

struciure.

23. The system of any of Clalms 28 to 28, whereln the ool or ssnsorof the packags s
aperable when the package is disconnaciad from the underwatar vehicle,

30. The system of any of Claims 25 to 28, wherein the underwater vehicle is arranged to
racalve data from the package.

31, Tha system of Claim 30, whevsln the undsiwatarvebicls ls-aanged to relay data from
the package to e racelving point

32. Tha system of any of Claims 28 to 34, whersin the undsrwater vehicle is arrangsd to send

control signals to the packags:
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