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(54) Title: METHOD AND APPARATUS FOR CLEANING FLUID CONDUITS

(57) Abstract: A method of cleaning a fluid conduit in a hydrocarbon production installation is described. The method comprises in-
troducing a flexible hose into a fluid conduit system through a pressure control device, and running the flexible hose into a conduit
to be cleaned while a fluid stream flows in the conduit. At least one substance is cleaned from the conduit by pumping a cleaning

O fluid into a bore of the flexible hose and expelling the cleaning fluid from the flexible hose into the conduit through at least one out -

W

let in the flexible hose. The substance is carried the at least one substance in the fluid stream to a conduit outlet.
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Method and apparatus for cleaning fluid conduits

The present invention relates to a method and apparatus for use in the hydrocarbon
exploration and production industry, and in particular to a method and apparatus for
cleaning the inside of fluid conduit systems in hydrocarbon exploration and production
installations while fluid is flowing in the fluid conduit system. Aspects of the invention
relate to the cleaning of produced water conduits in hydrocarbon production installations.
Alternative aspects of the invention relate to the cleaning of marine risers (including
production risers), process pipe work, caissons, closed drains, heat exchange systems, or
fluid conduits located from the riser to the separator, or located between a flare stack and

an export pump in a hydrocarbon exploration and production installation.

During hydrocarbon production and transportation operations, it is common for the interiors
of fluid conduits, including pipelines, wellbores, risers and umbilicals, to become fouled.
This fouling can lead to the build up of layers of debris, scale or particulate matter on the
inside of conduits, which reduces the effective inner diameter (ID) of the conduit and
reduces the flow rate. Fouling may also produce blockages in the fluid conduits which
completely prevent fluid flow though the conduit. Particulate matter may accumulate on

the inside of the wellbore during the drilling, completion and/or workover of a well. In
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addition, sand and other particulate matter may be produced from the formation and
accumulate inside the production tubing, and may partially or completely block fluid flow
through the production tubing, decreasing the production rate and the efficiency of the

well.

A number of different wellbore cleanout systems have been developed to address these
problems. One technique involves the use of coiled tubing, which is a long continuous
length of metal piping wound on a spool. The coiled tubing is straightened by plastic
deformation and inserted into the wellbore. A cleaning fluid is circulated through the inside
of the coiled tubing and back out through the annulus between the coiled tubing and the

wellbore. Particulate matter in the wellbore is brought to surface by the circulating fluid.

When performing this type of wellbore operation, it is necessary to employ procedures and
equipment for controlling and retaining pressure in the wellbore system to ensure it is
isolated from surface. A typical pressure control system includes an injector head, which
contains a drive mechanism to push and pull the coiled tubing in and out of the hole
through a pressure control device. An injector head has a curved guide (commonly
termed a gooseneck) which guides the coiled tubing from a reel into the injector body. The
drive mechanism in the injector head includes a number of toothed wheels with hard teeth
or steel gripper blocks arranged to engage the outer surface of the coiled tubing. Below
the injector head is a pressure control device in the form of a stripper. The stripper
contains pack-off elements to provide a seal around the coiled tubing and isolate the
pressure in the wellbore. A diverter is located beneath the pressure control device, and
functions to divert fluid in the annulus away from the pressure control equipment to be
treated and/or re-circulated through the coiled tubing. A pipe cutter designed to be able to
cut through the coiled tubing pipe and an isolation valve are located beneath the diverter,

and may be used in the event of a catastrophic failure of the system.

In use, the coiled tubing must be pushed into the wellbore against the resistance of the
pressure control equipment and the wellbore pressure, and pulled out of the wellbore,
overcoming the weight of the inserted coiled tubing. The coiled tubing injector system
described above is therefore a substantial and heavy piece of equipment, with large
footprint and high capital expense. The coiled tubing injector system also requires a
distance of several metres to be available above the isolation valve to accommodate the

injector and the gooseneck. This limits the number of installations where coiled tubing
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operations can be performed and can make operations more costly. These problems are
particularly significant in the case of offshore operations, for example in a turret of a
floating production storage production and offloading vessel (FPSO) where space is at a
premium. Even light coiled tubing units which are used onshore are still substantial pieces

of equipment which are large in size and weight in the context of offshore operations.

As well as the issue of the size and weight of coiled tubing injector systems, there are
other considerations which limit their applications. Firstly, blockages and restrictions can

occur in narrow bore fluid conduits, which are simply too small to receive coiled tubing.

The coiled tubing injector systems described above rely on the rigidity of the coiled tubing
to allow it to be pushed into a hole, rather than relying on gravity only (as is the case in
wireline operations). However, this rigidity also has drawbacks that make coiled tubing
interventions unsuitable for some applications. For example, it may not be possible to
inject coiled tubing into a fluid conduit which has a deviated or convoluted path. In
extreme cases, the rigid coiled tubing may not be able to pass through some curved or
bent pipeline systems. Even where passage is possible, the frictional resistance between
the coiled tubing and the inside wall of the wellbore will limit the depth to which the coiled
tubing can be deployed. Although friction-reducing clamps have been proposed in some
applications, they increase the effective outer diameter of the tubing and may interfere with
fluid circulation. In addition, coiled tubing may not easily pass internal restrictions in the

conduit such as collars.

An example of an application unsuitable for coiled tubing clean out operations is the
cleaning of produced water conduit systems and overboard water caissons. When
hydrocarbons are produced, they are brought to the surface as a produced fluid mixture.
The composition of this produced fluid generally includes a mixture of either liquid or
gaseous hydrocarbons, produced water, dissolved or suspended solids, produced solids
such as sand or silt, and injected fluids and additives that may have been used during
exploration and production activities. Produced water is separated from the hydrocarbons,
typically by gravity separation in a horizontal or vertical separator. The produced water
then passes through separate fluid conduits for treatment, storage or discarding. The
quantity of produced water that is generated each year is very large, and operators must
have systems and processes for managing the water. The produced water can therefore

represent a significant component of the cost of hydrocarbon production.
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The composition of produced water varies considerably depending on the nature of the
formation and the exploration of production processes employed. However, it is common
for the inside surfaces of fluid conduits which transport produced water to become
deposited with layers of scale and/or other solid material, which build up in the conduit to
restrict the effective ID. This can present considerable problems during hydrocarbon
production. A restricted produced water flowline can reduce the rate of production, making
a producing well uneconomical. Produced water flowlines therefore need to be cleaned at
intervals, requiring complete shutdown of production for a period of several hours while the
offline produced water conduit is accessed and cleaned using lances manually deployed
into an open end of the flowline. Operational difficulties may arise due to the shape of the
produced water flowlines (or sections of the flowlines) which may follow deviated or

convoluted paths, rendering them difficult to clean by conventional techniques.

For the foregoing reasons, the wellbore cleanout systems according to the prior art are
generally unsuitable for applications other than the cleaning of wellbores. In particular,
they are unsuitable for applications to the following: process pipe work; caissons;

produced water conduits; marine risers (including production risers); closed drains; heat
exchange systems; or fluid conduits located between a flare stack and an export pump in a

hydrocarbon exploration and production installation.

It is one object of the invention to provide a method and apparatus for cleaning the inside
of a fluid conduit system, which has application to a wide range of fluid conduit systems

used in the hydrocarbon exploration and production industry.

It is further object of the invention to provide a method and apparatus for cleaning the
inside of fluid conduits in the hydrocarbon exploration and production industry, which
avoids or at least mitigates one or more of the disadvantages of prior art methods and

apparatus.

Another aim and object of the invention is to provide a method and apparatus for cleaning
the inside of a fluid conduit in a hydrocarbon production or transportation system while

fluid flows in the conduit (i.e. without a requirement to cease or shutdown operations).
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Further aims and objections of the invention will become apparent from reading the

following description.

Summary of Invention

According to a first aspect of the invention, there is provided a method of cleaning a fluid
conduit in a hydrocarbon production installation, the method comprising:

providing a feeding module for a flexible hose, the feeder module configured to engage an
outer wall of the flexible hose and impart a pushing and/or pulling force on the flexible
hose;

introducing a flexible hose into a fluid conduit system through a pressure control device;
running a first end of the flexible hose into a conduit to be cleaned while a fluid stream
flows in the conduit;

cleaning at least one substance from the conduit by pumping a cleaning fluid into a bore of
the flexible hose and expelling the cleaning fluid from the flexible hose into the conduit
through at least one outlet in the flexible hose; and

carrying the at least one substance in the fluid stream to a conduit outlet.

The cleaning fluid may comprise water, and may be seawater. Alternatively or in addition,
the cleaning fluid may comprise a solvent, and may comprise at least one additive. The
solvent may be an organic solvent. The cleaning fluid may comprise a hydrocarbon fluid

such as diesel.

The method may include the step of forcibly displacing the at least one substance from the

conduit by jetting of the cleaning fluid from the hose.

The method may include engaging an outer wall of a flexible hose by indenting the wall of

the flexible hose.

The method may comprise deploying the hose into the conduit at least in part using drag

force imparted by the fluid stream.

The method may comprise pumping fluid during deployment of the hose. The method may

include deploying the hose at least in part using a fluid jetting force from cleaning fluid
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expelled from the hose. The method may include jetting cleaning fluid in a rearward

direction of the hose (i.e. a direction opposed to the direction of deployment).

The method may comprise retracting the hose from the fluid conduit while the fluid stream

flows in the conduit.

The method may comprise passing a distal end of the hose through the pressure control
device and subsequently attaching a nozzle to the hose. The method may include the
subsequent steps of coupling the apparatus to a fluid conduit system. Subsequently, an

isolation valve may be opened to expose the apparatus to the fluid conduit system.

The method may comprise coupling a nozzle to the hose after the end of the hose is

passed through the pressure control device.

The method may include expanding a nozzle extension portion from a first retracted

position to a second expanded position.

According to a second aspect of the invention, there is provided an apparatus for cleaning
a fluid conduit in a hydrocarbon production installation, the apparatus comprising:

a flexible hose comprising a bore and at least one outlet;

a pressure control device;

a coupling for an opening of a fluid conduit system;

at least one feeding module for engaging the flexible hose and imparting a pushing and/or
pulling force on the flexible hose to introduce it through the pressure control device and
into or out of the fluid conduit system; and

a pump configured to pump a cleaning fluid into the bore of the flexible hose and expel the

cleaning fluid into the conduit through the at least one outlet in the flexible hose.

Embodiments of the second aspect of the invention may comprise preferred and/or

optional features of the first aspect of the invention or vice versa.

By using a flexible hose, the method and apparatus according to the invention overcomes
one or more drawbacks of the prior art. In particular, the flexible hose, in contrast to the
coiled tubing that is used in wellbore cleanout applications, is sufficiently flexible to be

injected into fluid conduits which have deviated or convoluted paths, as are commonly
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found in fluid conduits to which the invention is intended to be applied (for example in the
fluid conduits located between a flare stack and an export pump in a hydrocarbon
exploration and production installation). In this context, the flexible hose may be one that
is capable of being bent or flexed repeatedly without significant damage to the hose
material. For example, the flexible hose may be capable of being flexed or bent without
plastic deformation of the hose material and/or without imparting significant levels of

fatigue.

The flexible hose may be a composite hose comprising at least one plastic layer and at
least one metal layer. Preferably the hose comprises a plastic inner core (which may be
polyamide or polyoxymethylene), a plastic outer layer (which may be a polyamide) and at
least one metal layer disposed between the inner core and the outer layer. The outer layer
may therefore have a lower coefficient of friction than a metal surface of coiled tubing.
Preferably the at least one metal layer is a metal sheath formed from braided wire.

Preferably the braided wire is steel wire.

Preferably the hose has an inner diameter in the range of 5 mm to 60 mm. For narrow
bore cleaning applications, the flexible hose preferably has an inner diameter of
approximately 5 mm to 30 mm. For larger bore applications, such as produced water
flowlines, the flexible hose preferably has an inner diameter of approximately 20 mm to 60
mm. A preferred embodiment uses a flexible hose having an internal diameter of

approximately 25 mm and an outer diameter of approximately 37 mm.

The minimum elastic bending radius is a convenient way of measuring the flexibility of a
hose. Preferably the flexible hose has a minimum elastic bending radius of less than 100
times the inner diameter of the hose. The flexible hose may have a minimum elastic

bending radius of less than 60 times the inner diameter of the hose.

More preferably, the flexible hose has even greater flexibility, and has a minimum elastic
bending radius of less than 40 times the inner diameter of the tubing. In certain
embodiments, the flexible hose has a minimum elastic bend radius of less than 20 times
the inner diameter of the tubing. The hose may have a minimum elastic bend radius of
approximately 12 times the inner diameter of the tubing in a preferred embodiment of the

invention.
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The flexibility of the hose is a clear distinction from coiled tubing applications. Typically
steel coiled tubing has a minimum elastic bending radius of around 200 times the inner
diameter of the tubing. The flexibility of the hose of the present invention offers a number
of advantages. Firstly, each hose may be wound on to a spool with smaller diameter.
This allows for compact storage of the flexible hose at the work site. Secondly, the
flexibility of the hose allows preferred orientations of the apparatus. In particular, the
flexibility of the hose permits the feeding module, or a part of it, to be positioned at an
angle to the chamber. For example, the feeding module may be located substantially
orthogonal to the chamber with an appropriate guide for the flexible hose being located
between the stripper and the chamber. This allows alternative, space saving
configurations at the work site. In addition, the flexibility of the hose allows closer
placement, and greater bending of the guide when compared with a gooseneck used in

coiled tubing applications.

An additional advantage of using a flexible hose is its comparatively low weight. This
means that although the inherent flexibility of the hoses limits their resistance to high
injection forces, the fluid moving in the fluid conduit system in the direction of the
deployment of the hose facilitates its injection. In other words, the fluid flow helps to draw
the hose into the conduit systems. Furthermore, jetting at least a proportion of cleaning
fluid from the hose in a rearward direction of the hose (i.e. opposing the direction of the
deployment of the hose), facilitates its injection. In other words, the jetting of the cleaning
fluid also helps to draw the hose into the conduit systems. These effects would not be
apparent in using carbon steel coiled tubing injection systems. The apparatus may
therefore comprise a nozzle configured to produce a rearward fluid jet which provides a
propulsive force on the hose. The nozzle may comprise a plurality of rearward facing fluid
outlets, which may be circumferentially spaced. A consequential benefit is the use of

lower injection forces.

Preferably, the feeding module comprises a drive mechanism. Embodiments of the
present invention use a drive mechanism to minimise surface damage, penetration and/or
crushing of the flexible hose. The feeding module for the flexible hose can be significantly
lower weight and smaller size than the coiled tubing injector systems used in wellbore
cleanout operations, which facilitates application of the invention in a wide range of fluid

conduit systems.
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In a preferred embodiment the drive mechanism comprises at least one chain, and may
comprise one or more chain-driven blocks. The one or more chain blocks may comprise
one or more teeth or ridges configured to engage with a flexible hose. Preferably the
chain blocks are configured to engage with the outer surface of the flexible hose by
forming an indentation in the outer surface, which may be formed to a depth of around 1
mm. Preferably the indentations are formed to a depth of less than 1 mm. This
embodiment allows engagement with the flexible hose sufficient to inject or retract the

hose, but does not penetrate the hose.

Preferably, the blocks comprise a concave surface, which may be part-circular in profile.
The blocks may comprise one or more part-circular teeth or ridges. Preferably, a plurality

of teeth or ridges is provided at longitudinally separated locations along the block.

The teeth or ridges may be shaped to provide a directional engagement. This may mean
that the engaging force in one direction is greater than the engaging force in an opposing
direction. Preferably the teeth or ridges are formed to different heights, and teeth or ridges
disposed at or around the longitudinal centre of the block may be higher than teeth or

ridges disposed further away from the longitudinal centre of the block.

The drive mechanism may comprise a contact surface for contacting an outer surface of
the flexible hose. In one embodiment, the contact surface is substantially smooth. This
contrasts with the arrangements of prior art injector heads for coiled tubing, which include
hard teeth or steel gripper blocks arranged to engage the outer surface of the coiled
tubing. The drive mechanism comprises at least one belt which may be driven by wheels.
The contact surface may be a belt. Alternatively, the contact surface may be the surface

of a wheel.

Preferably, the feeding module is capable of applying a pushing force or a pulling force
equivalent to a weight greater than 100kg. More preferably, the feeding module is capable

of applying a pushing force or a pulling force equivalent to a weight greater than 300 kg.

The feeding modules may comprise a plurality of feeding units. Each feeding unit may
comprise a drive mechanism, which may comprise at least one chain, and may further

comprise one or more chain-driven blocks.
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Preferably, the apparatus comprises a chamber located between the pressure control
device and an opening for coupling to a fluid conduit system. The chamber preferably

provides access to the flexible hose beneath the pressure control device.

Preferably, the apparatus further comprises a valve, which may be a blowout preventer.
The apparatus preferably comprises a cutting device configured to cut, shear, or sever the
flexible hose. The cutting device may be incorporated as part of a valve, which may be a

shear and seal blowout preventer.

The apparatus may comprise a gripping mechanism, which may be arranged to retain a

portion of the flexible hose in the apparatus.

The pressure control device may comprise one or more elastomeric seals or pack-off
elements, which may be stripping elements. The pressure control device may be
hydraulically actuated. Alternatively or in addition, the pressure control device may be
mechanically actuated. Preferably the pressure control device comprises at least two
elastomeric seals, arranged so that a second elastomeric seal functions as a back-up to a

first elastomeric seal.

According to a third aspect of the invention, there is provided a modular system for
cleaning a fluid conduit in a hydrocarbon production installation, the modular system
comprising:

a pressure control module configured to be coupled to an opening of a fluid conduit
system;

a first feeding module for imparting a pushing and/or pulling force on a flexible hose to
introduce it through the pressure control module into or out of the fluid conduit system;

a second feeding module for imparting a pushing and/or pulling force on the flexible hose

to introduce it through the pressure control module into or out of the fluid conduit system,

The first and second feeding modules may be substantially identical, and/or may be
interchangeable in the system to separately impart a pushing and/or pulling force on the
flexible hose. This provides redundancy in the modular system. Alternatively, or in
addition, the first and second feeding modules may be selected to differ in one or more of
the following characteristics: maximum pushing and/or pulling force; size; weight; footprint;

diameter of flexible hose which can be accommodated; engagement mechanism for a
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flexible hose. Accordingly, the modular system may provide different feeding modules
which can be selected for use in the system depending on the application. Considerations
will include: the outer diameter of the flexible hose to be deployed; the depth to which the
flexible hose will be deployed; radial and/or tensile strength characteristics of the flexible
hose; robustness of the outer wall of the hose; characteristics of the fluid conduit system,

including diameter, flow rate, and flow pressure.

Preferably, the first and second feeding modules are configured to be used together to
impart a pushing and/or pulling force on a flexible hose. Thus the first and second feeding
modules may be used in series to each impart a pushing and/or pulling force on the
flexible hose. Such a configuration has several additional advantages. Firstly, the
maximum pushing and/or pulling force on the flexible hose may be increased for
applications in which this is necessary or desirable. This may, for example, allow
increased depth of deployment; use in higher pressure fluid systems; allow greater
integrity of seal of the elements in the pressure control module; and/or deployment of
flexible hoses (and/or nozzles) of different types which have a greater resistance to
deployment into the fluid conduit system. This can be achieved without increasing the
radial pressure of engaging mechanisms in the feeding modules beyond an acceptable
value, as the force may be distributed over a greater length of the hose. This prevents
damage to the outer wall of the flexible hose which may otherwise result from a
requirement to impart a greater radial force on the hose where an increased pushing

and/or pulling force is required.

Alternatively, the first and second feeding modules may be used to impart the same
magnitude of pushing and/or pulling force on a flexible hose for a lower radial/engaging
force on the hose. This may facilitate using alternative hose types, including those with
less robust outer walls or reduced radial compressive strength. This may allow use of

flexible hoses with even greater flexibility.

It is an advantage of this aspect of the invention that the above-described benefits may be
selectively obtained by operating the system with the first and second feeding modules in
series when the application makes this necessary or desirable. However, for those
applications which only require a single feeding module, one module can be used in
isolation. This reduces the overall size, weight and footprint of the system. Furthermore,

the flexible hoses may be subject to wear from the engaging action of the drive
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mechanism, and it is therefore desirable to use only the pushing and pulling forces

necessary for the operation to avoid additional wear on the hose.

One or more of the feeding modules may be portable, and may comprise a frame or
chassis mounted on wheels or rollers. One or more of the feeding modules may comprise
a plurality of feeding units. Each feeding unit may comprise a drive mechanism, which
may comprise at least one chain, and may further comprise one or more chain-driven
blocks. The one or more chain blocks may comprise one or more teeth configured to
engage with a flexible hose. Preferably the chain blocks are configured to engage with the
outer surface of the flexible hose by forming an indentation in the outer surface, which may
be formed to a depth of around 1 mm. Preferably the indentations are formed to a depth of
less than 1 mm. This embodiment allows engagement with the flexible hose sufficient to

inject or retract the hose, but does not penetrate the hose.

Embodiments of the third aspect of the invention may comprise preferred and/or optional

features of the first or second aspects of the invention and vice versa.

According to a fourth aspect of the invention, there is provided a method of cleaning a
produced water fluid conduit in a hydrocarbon production installation, the method
comprising:

introducing a flexible hose into a fluid conduit system through a pressure control device;
running a first end of the flexible hose into a produced water conduit to be cleaned while
produced water flows in the conduit;

cleaning at least one substance from the conduit by pumping a cleaning fluid into a bore of
the flexible hose and expelling the cleaning fluid from the flexible hose into the conduit
through at least one outlet in the flexible hose; and

carrying the at least one substance in the produced water to a conduit outlet.

Embodiments of the fourth aspect of the invention may comprise preferred and/or optional

features of the first to third aspects of the invention and vice versa.

According to a fifth aspect of the invention, there is provided a method of cleaning a
marine riser in a hydrocarbon production installation, the method comprising:

introducing a flexible hose into a fluid conduit system through a pressure control device;
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running a first end of the flexible hose into a marine riser to be cleaned while fluid flows in
the marine riser;

cleaning at least one substance from the marine riser by pumping a cleaning fluid into a
bore of the flexible hose and expelling the cleaning fluid from the flexible hose into the
marine riser through at least one outlet in the flexible hose; and

carrying the at least one substance in the fluid to a marine riser outlet.

The invention has particular application to the offshore industry and therefore the

hydrocarbon production installation may be an offshore installation.

Embodiments of the fifth aspect of the invention may comprise preferred and/or optional

features of the first to fourth aspects of the invention and vice versa.

According to a sixth aspect of the invention, there is provided a nozzle device for cleaning
a fluid conduit in a hydrocarbon production installation, the nozzle device comprising an
inlet for coupling to the bore of a hose, a main body, and at least one nozzle extension
portion in fluid communication with the bore of the hose and comprising an outlet for fluid

passing through the nozzle.

Embodiments of the sixth aspect of the invention may comprise preferred and/or optional

features of the first to fifth aspects of the invention and vice versa.

The nozzle extension portion may be configured to locate the outlet at a radial position
outside of the radial dimension of the hose and/or main body of the nozzle. Preferably, the
nozzle extension portions are moveable from a first retracted to a second extended

position.

Preferably, the nozzle extension portion extends at an angle to the longitudinal axis of the

nozzle. Preferably, the device comprises a plurality of nozzle extension portions.

Preferably, the nozzle is configured to be removably coupled from the hose.

Brief Description of the Drawings
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There will now be described, by way of example only, various embodiments of the

invention with reference to the drawings, of which:

Figure 1 is a schematic view of an apparatus in accordance with an embodiment of the

invention coupled to a conduit system;

Figures 2A to 2C are schematic views of blocks used with the apparatus of Figure 1, with

from end, plan and side views respectively;

Figures 3A to 3C are respectively isometric, side, and sectional views of a pressure control

assembly in accordance with a preferred embodiment of the invention;

Figure 4 is a schematic view of an apparatus comprising the assembly of Figures 3A to 3C

and feeding modules in accordance with a preferred embodiment of the invention;

Figure 5 is a side view of a nozzle according to an embodiment of the invention;

Figure 6 is a side view of a nozzle according to an alternative embodiment of the invention;

Figure 7 is a side view of a nozzle according to a further alternative embodiment of the

invention;

Figure 8A is a perspective view of a nozzle with nozzle extension portions, according to an

alternative embodiment of the invention;

Figures 8B and 8C are schematic views showing the nozzle of Figure 8A in use.

Detailed Description

Referring firstly to Figure 1, there is shown schematically a cleaning apparatus, generally
depicted at 10, coupled to a fluid conduit system 12. The fluid conduit system 12 in this

case comprises a produced water flowline 13 on a hydrocarbon production installation.

The apparatus 10 comprises a feeding module 14 and a pressure control assembly,

generally shown at 15, comprising a valve arrangement 16, a stripper 36, and a housing
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34. The apparatus 10 defines an internal bore (not shown), for receiving a flexible hose
18. The flexible hose 18 is deployed from a hose storage reel 22 on which it is wound,
and may be several tens or indeed many hundreds of metres in length. A proximal end 24
of the hose 18 is connected to a diesel jetting pump 26, which pumps cleaning fluid from a
tank 28.

The flexible hose 18 is selected to have sufficient flexibility to allow it to pass through a
wide range of conduit systems. However, the hose must also be robust enough to
withstand forces experienced in normal use and have a pressure rating sufficient for use in
a high pressure jetting system, which may for example operate at between 10kpsi (or
69,000 KPa) and 20kpsi (or 138,000 KPa). The hose 18 must also have sufficient crush
resistance to allow it to be passed through the stripper 36. The flexible hose is in this
embodiment a composite hose comprising a plastic inner core formed from polyamide
surrounded by a number of braided steel wire layers. An outer plastic layer of polyamide
surrounds the braided wire layers. The braided layers function to provide crush resistance
from the forces experienced by the stripper and/or the feeding module, and the inner
plastic core in conjunction with the braided layers provides the hose with high pressure
capability. The outer plastic layer provides the hose with the smoothness required to
mitigate frictional forces experienced as the hose is run into the fluid conduit. One
example of a suitable hose is the 2240N-16V30 ultra high pressure hose marketed by
Hydrasun Ltd. This hose has an outer diameter of 37mm, an inner diameter of 25mm, and
a minimum bend radius to 300mm, which is a good combination of pressure handling, flow
volume, stiffness and flexibility, and crush resistance for the applications envisaged. It will

be appreciated that other flexible hoses may be used within the scope of the invention.

The apparatus 10 comprises a coupling 20 for connecting the apparatus to an opening of
the fluid conduit system 12. In this case, the opening is defined by a side branch 30 to the
main produced water flowline 13. The side branch 30 is located at an acute angle to a
straight section of the flowline 13, although other embodiments may have openings at
different locations on the flowline and with different orientations. An isolation valve 32 is
located at the opening of the side branch 30, to retain fluid pressure within the conduit
system 12. The apparatus 10 couples to the fluid conduit system above the isolation

valve.
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The side branch is just one example of a suitable inlet to a fluid conduit system 12.
Conveniently, the side branch may be fitted to the fluid conduit system during a shutdown
period. Such shutdown periods occur at intervals (for example for conventional
maintenance purposes), and the side branch or another inlet type may be fitted to the
conduit system during this time. The isolation valve 32 will be closed before the flow is

reintroduced to the produced water flowline 13.

The valve arrangement 16 comprises a blowout preventer (not shown) which provides an
additional safety mechanism. The blowout preventer 16 is a shear and seal blowout
preventer, which has the capability to cut or otherwise sever a cleaning flowline introduced
to the fluid conduit system 12 via the apparatus. This embodiment also comprises a
chamber 34 which functions as a lubricator, providing an access chamber for coupling

devices such as nozzles to the distal end of the hose, as will be described below.

Optionally a divertor (not shown) may be provided to create a fluid outlet for fluid in the
annulus between the introduced flowline and the inner surface of the side branch to the

fluid conduit system.

The stripper 36 comprises internal pack off elements which define a portion of the internal
bore through the apparatus 10. The pack-off elements are formed from an elastomeric
material, arranged to provide a fluid seal with the outer surface of a flowline passing
through the apparatus. The pack-off elements are operable to be actuated against the
outer surface of the flowline, and in this case are actuated by introducing hydraulic
pressure into a chamber outside of the pack off elements. In other embodiments, the pack
off elements may be mechanically actuated. The stripper 36 allows a flowline such as a
flexible hose 18 to pass through the apparatus while retaining pressure in the conduit

system beneath the stripper.

The feeding module 14 comprises a drive mechanism 38 for pushing and pulling the hose
18 into and out of the fluid conduit system through the pressure control apparatus. The
drive mechanism 38 comprises an arrangement of blocks 40 disposed on chains 42 driven
by cogs 44. The blocks 40 are shown in Figures 2A to 2C, and comprise a body 142
mounted to a carrier 144, which in turn is mounted to the chain 42 in use. The body 142

has a concave upper surface 146 having a cross sectional profile which describes a part of
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a circle. Apertures 147 are provided in the surface 146 and the side walls of the carrier
144,

Engaging teeth are provided in the form of ridges 148a, 148b (together 148) which are
raised from the surface 146 and separated in the longitudinal direction L of the block (and
the flexible hose). The ridges 148 extend across the body from one side to the other. The
ridges 148 are configured to contact and engage with the flexible hose to allow it to be
pushed into or pulled out of the fluid conduit. Each ridge has a profile which is directional;
one edge 150a of the ridge 146 extends perpendicularly from the surface 146 and one
edge 150b is slightly angled from the perpendicular. The edge 150a tends to engage or
bite into the outer shell of the flexible hose to provide a pushing force onto the hose during

deployment.

The chain blocks 40 are shaped and sized to engage with the outer surface of the flexible
hose by forming an indentation in the outer surface to a depth of 1 mm or less. This
sufficient engagement with the flexible hose to inject or retract is, but does not penetrate

the outer wall of the hose.

In this embodiment, five ridges 148 are provided on each block (although it will be
appreciated that fewer or more may be provided in other embodiments). The outer ridges
148a are formed to a first height above the surface 146, and the three inner ridges 148b
are formed to a second, greater height above the surface 146. This configuration causes
the block 40 to engage with the hose more securely at the central area of the block, so that

the majority of the force is driven through the central contact area.

The feeding module 14 must be capable of pushing in the hose against the resistance of
fluid pressure in the fluid conduit system, frictional contact between the hose and the
inside surface of the conduit system, as well as the resistance presented by the pressure
control device. The feeding module 14 must additionally be capable of withdrawing the
hose from the fluid conduit system against the weight of the length of hose which has been
deployed. In this embodiment, the feeding module 14 is capable of applying a pushing
and/or pulling force equivalent to around 250 kg of weight. Feeding modules with other
push/pull capacities may be used in other embodiments, although the power of the feeding
modules tends to increase the size and weight of the equipment, and therefore an

appropriate compromise between power and size is necessary.
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The feeding module 14 is also equipped to carry out "pull tests" during deployment of the
hose 18. At regular intervals during deployment of the length of hose 18, pumping of fluid
through the hose 18 is interrupted. The feeding module 14 pulls back on the hose by
reversing the direction of the drive mechanism and measures the force required to
withdraw the hose a short length from the conduit system 12. If the force required
exceeds a preset threshold (which approaches the maximum pull force achievable by the
feeding module) then a warning may be provided to an operator to indicate that the hose is
approaching its maximum deployment length, and or that there is a possibility that the

hose is becoming stuck.

Assembly of the apparatus is as follows. The hose 18 is inserted into the feeding module
14 and fed through the stripper 36 before the pack off elements within the stripper are
actuated. When the distal end 46 of the hose has been passed through the pressure
control equipment, an appropriate nozzle 48 can be fitted to the end 46 in the access
chamber 34. Suitable nozzles include rotating nozzles such as those marketed under the
BJV trade mark by StoneAge, Inc. of Colorado, United States. In this embodiment the
nozzle is suitable for applications in excess of 10,000 psi (or 69,000 KPa), and can handle
flow rates up to 120 gallons (546 litres) per minute. The nozzle 48 is configurable to adjust
and direct its jets according to the operation and the application conditions. Nozzle
rotation speed is also configurable. Typical nozzle configurations used in the cleaning
operations are not capable of being passed through the stripper. The nozzle is however
able to pass through the bore defined by the chamber 34, coupling 20 and isolation valve
32. The nozzle 48 can therefore be attached to the hose 18 beneath the blow out
preventer 16 and the stripper 36 and can subsequently be withdrawn into the chamber 34
before the apparatus 10 is attached to the conduit system 12. With the nozzle 48 in the

chamber 34, the stripper is actuated to pack off around the hose 18.

With the hose 18 fed through and sealed by the stripper 36, the apparatus 10 is coupled to
the fluid conduit system by the coupling 20. The isolation valve 32 is opened to expose
the hose and the bore defined by the lower parts of the apparatus 10 to the pressure of the
conduit. Itis an important feature of aspects of the invention that the apparatus allows the
hose to be introduced into the pipeline system while the produced water is flowing. The
hose 18 is then deployed by injecting the hose through the stripper 36 and further into the

fluid conduit system 12. Cleaning fluid, such as water, is pumped at high pressure (for
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example in the range of 10kpsi to 20kpsi (or 69,000 KPa to 138,000 KPa)) through the
internal bore of the hose 18 (and therefore through the apparatus 10) into the hose and out

through the nozzle 48.

The physical jetting force provided by the high pressure fluid exiting the nozzle at high
velocity removes layers 50 of scale, debris and accumulated matter from the inside
surface of the flowline 13, so that it enters the main flow stream 52 in the conduit. The
debris is carried in the flow stream 52 and out of the fluid conduit outlet (not shown). If
necessary, a filtration system (which may be a simple fluid strainer) may be used to catch
debris from the out-flowing fluid. The fluid may be stored in a tank, treated, reinjected or
discarded. The flow of fluid in the conduit creates a drag force on the flexible hose 18 and
the nozzle 48, and assists with the deployment of the hose into the conduit system. The
jetting force may have a rearward facing component, in which case it may also assist in
deploying the flexible hose. The drag force and/or jetting force (where present) provides
or maintains a degree of tension in the flexible hose sufficient to prevent lock-up of the

hose during deployment.

There will now be described a preferred embodiment of the invention, with reference to
Figures 3A to 3C and 4. Figures 3A to 3C are respectively isometric, side, and sectional
views of a pressure control assembly, generally shown at 100. The pressure control
assembly 100 comprises a plurality of cylindrical housings connected together to form a
substantially cylindrical structure having an opening 108 at a first end 110, and a coupling
112 at a second end 114. A continuous throughbore is defined through the assembly 100.
The coupling 112 is configured for attachment to a fluid conduit system, and the opening
108 is configured to receive a flexible hose from a feeding module (as will be described
below). The assembly 100 comprises a valve sub assembly 102 at the first end 110; a
pack-off sub assembly 106 at a second end 114; and a gripper and cutter sub assembly
104 disposed between the valve sub assembly 102 and the pack-off sub assembly 106.
The housings of the respective sub assemblies are threaded together. Bearing frames are
provided on the exterior of the assembly 100, and comprise circular support rings 118
which extend radially from the housings and rest in bearing recesses (not shown). The
support rings 118 are rotatable in the bearing recesses to permit threading and

unthreading of the housings and access to the internal components.
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The valve sub assembly 102 comprises a hydraulically actuated ball valve 120 which
closes a valve throughbore 122 to seal against fluid pressure in the housing. Hydraulic
lines 124 are connected to hydraulic control equipment (not shown). The function of the
ball valve 120 is to provide a complete fluid seal in the event of a loss of pressure control

in the assembly 100 and fluid conduit.

The gripper and cutter sub assembly 104 comprises a cutter unit 126 which is hydraulically
actuable by line 128 to sever the flexible hose in the event of a well control event. In this
embodiment, the cutter unit 126 is a rotary cutter to maintain a small outer diameter of the
assembly, although in other embodiments a radial shear ram cutter arrangement may be
used. Below the cutter unit 126 (in the direction of deployment of the hose from left to right
in the orientation of Figures 3 and 4) is gripper unit 130 which is actuable by hydraulic lines
132 to grip a flexible hose passing through the throughbore. In use, the gripper unit 130 is
actuated before of simultaneously with the cutter unit to prevent the cut flexible hose and
its nozzle from being lost into the fluid conduit. A proximal portion of the flexible hose may
be withdrawn from the assembly 100 to allow the ball valve 120 to close and seal the

assembly.

The pack-off sub assembly 106 provides pressure control during normal operation of the
equipment. The pack-off assembly 106 comprises first and second stripping elements
134a, 134b (together 134), which are hydraulically actuated by lines 136 to seal against a
flexible hose passing through the bore. The stripping elements are actuated together to

provide a fully backed up seal against pressure in the fluid conduit.

At the lower end 112 of the assembly 100, disposed between the coupling 114 and the
stripping elements 134, is chamber 138. The chamber 138 has sufficient length and inner
diameter to accommodate a nozzle assembly, which typically will be fitted to the distal end
of the flexible hose after it has passed through the stripping elements 134. The nozzle
assembly will be accommodated in the chamber 138 allowing the coupling to be attached

to the fluid conduit system.

Figure 4 is a schematic representation of an apparatus 200 according to an embodiment of
the invention, incorporating the pressure control assembly 100 of Figures 3A to 3C; a
flexible hose 218; and a modular system 210 for feeding the flexible hose through the

pressure control assembly 100. The hose is deployed from a storage reel 220, which
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includes a retraction mechanism to wind in any slack on the hose. The modular system
210 comprises a first and second feeding modules 212a, 212b (together 212), each of
which is arranged to impart a pushing and/or pulling force on the flexible hose 218. Each
feeding module 212 is a portable unit, with the operable components of the module
mounted on a wheeled frame (not shown). In this embodiment, the first and second
feeding modules 212a, 212b may selectively be used in series to increase the maximum
pushing and/or pulling force on the flexible hose for applications in which this is necessary
or desirable. Such applications include marine risers, which may require a deployment
depth of around 200m, and may be at pressure of the order of 15bar (1,500 KPa). Under
these conditions, forces on the flexible hose from the fluids in the conduit exceed the
weight of the flexible hose (referred to as “pipe light” conditions) and the feeding modules
are required to overcome the forces which tend to push the flexible hose out of the

conduit.

Operating a pair of feeding modules 212 in series allows increased depth of deployment;
use in higher pressure fluid systems; and greater integrity of seal of the elements in the
pressure control module (by higher pressure stripping). The increased maximum push
and/or pull force allows deployment of flexible hoses (and/or nozzles) of different types
which have a greater resistance to deployment into the fluid conduit system. Alternatively,
the first and second feeding modules may be used to impart the same magnitude of
pushing and/or pulling force on a flexible hose for a lower radial/engaging force on the
hose, which may facilitate using hose types with even greater flexibility, but with less

robust outer walls or reduced radial compressive strength.

It is an advantage of this aspect of the invention that the above-described benefits may be
selectively obtained by operating the system with the first and second feeding modules in
series when the application makes this necessary or desirable. However, for those
applications which only require a single feeding module, one module can be used in
isolation. This reduces the overall size, weight and footprint of the system. Furthermore,
the flexible hoses are typically worn from the engaging action of the drive mechanism over
repeated use, and it is therefore desirable to use only the pushing and pulling forces

necessary for the operation to avoid excess wear on the hose.
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The portability of the feeding modules 212 allows them to be moved around the fluid
conduit site if not required for a given operation, and quickly brought to the site if multiple

units are required.

In the embodiment of Figure 4, each feeding module 212 has a single feeder unit,
comprising a drive mechanism as described with reference to Figures 1 and 2. One or
more of the feeding modules may comprise a plurality of feeding units, and in a preferred
embodiment, each feeding module comprises a pair feeding units that may be selectively
operated. Such an embodiment has particular flexibility, and may be customised to

provide a pushing and pulling force suitable for a particular operation.

A number of different nozzle types may be used with different embodiments of the present
invention, and examples are shown in Figures 5 to 8. Figure 5 is a side view of a nozzle
48 (identical to the nozzle shown in Figure 1) coupled to a flexible hose 18. The nozzle
comprises a nozzle body 54 with a chamfered profile. Circumferentially spaced outlets 56
on the nozzle are directed substantially radially of the longitudinal axis of the nozzle and

hose, with small rearward or forward components to the direction of jets 57.

Figure 6 shows an alternative nozzle 58. The nozzle is attached to the flexible hose 18
and comprises a fixed body portion 60 and a forward portion 62. The forward body portion
62 comprises a number of outlets 64 which create fluid jets 66 with radial components. In
addition, a forward jet 67 is provided. The forward portion 62 of the nozzle 58 is
configured to rotate while fluid is pumped through the nozzle 58. This helps increase the

coverage of the jets during the cleaning operation.

Figure 7 shows a further alternative nozzle 68 attached to a hose 18. The nozzle
comprises a fixed body portion 70 and includes an annular recess 72 located on the body.
The annular recess 72 is provided with circumferentially spaced outlets 74 which provide
rearward facing jets 76. A forward outlet 78 is also provided to direct a proportion of the

flow in a forward direction.

The invention is applied to conduits with flow streams, in contrast with conventional
cleaning operations which are used in open, dry fluid conduits. The flowing fluid tends to
disperse the force of the jets of cleaning fluid expelled from the nozzle. This may impact

on the efficiency of the cleaning operation, particularly in fast flowing streams. This
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problem can be mitigated by increasing the fluid pressure of the cleaning fluid such that
the jets penetrate through the flowing stream to impact on the scale or debris on the inside
surface of the conduit. Alternatively, the problem may be addressed by simply using a
larger diameter flexible hose and/or nozzle such that the outlets of the nozzle are located
closer to the inside surface of the conduit. However, these approaches may not be
practical in all circumstances. For example, the pressure capability may be limited. Also,
in the system depicted in Figure 1, the nozzle is required to pass through a side branch
which is of smaller inner diameter than the main fluid conduit. Embodiments of the
invention address this problem by providing a radially expandable nozzle. Figures 8A to
8C show a further alternative nozzle configuration which may be used in some
embodiments of the invention. This nozzle, shown generally at 80, has an increased radial
dimension and is therefore capable of placing the outlets of the nozzle closer to the inside

surface of a large bore conduit.

The nozzle 80 comprises a main body 82 and nozzle extension portions 84 located on the
body. The nozzle extension portions 84 comprise internal bores which are in fluid
communication with the main bore of the hose 18 and outlets 86. The nozzle extension
portions 84 extend radially of the longitudinal axis of the hose and the main body 82 of the
nozzle. In this embodiment, the nozzle extension portions are formed from a flexible

material, and can therefore bend or flex.

Figure 8B shows the nozzle 78 in position in a narrow bore 87, which may be for example
the internal bore defined by the apparatus 10 beneath the stripper, or may be a bore
defined by a part of the fluid conduit system 12 itself. The nozzle extension portions 84
are flexed so that they lie substantially parallel to the longitudinal axis and against the main
body of the nozzle. Note that in this drawing the nozzle extension proportions face
rearward, although in other configurations it is equally possible for the nozzle extension
portions to flex forward such that they extend beyond the distal end of the nozzle. In this
flexed or retracted configuration, the nozzle may pass through narrow bore restrictions or

portions of the fluid conduit system.

Figure 8C shows the nozzle in a large bore conduit 89, which may be the produced water
flow line 13 in the system shown in Figure 1. The nozzle extension portions 84 are in a
radially expanded position which places the fluid outlets 86 defined in the ends of the

nozzle extension portions radially closer to the inside surface of the conduit. Deployment
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of the nozzle extension portions from a retracted to an expanded position may be
facilitated by the fluid pressure of the cleaning fluid being pumped through the hose and

nozzle.

Although the above-described embodiment includes nozzle extension portions formed
from the flexible material, other embodiments may include nozzle extension portions which
are rigid. In such embodiments, the nozzle extension portions may for example include a

hinge or pivot which allows it to be moved from a retracted to an extended position.

By using a nozzle with an expandable radial portion, it may also effectively maintain the
nozzle outlets in position against accumulated layer being cleaned in the fluid conduit. As
the layers of material are removed from the inside surface, the nozzle extension portions

are further deployed radially to maintain contact with the inner surface.

In the above-described embodiment, three nozzle extension portions are provided
circumferentially spaced on the body. However, it will be understood that any number of

nozzle extension portions may be located on the body.

The invention provides a method of cleaning a fluid conduit in a hydrocarbon production
installation. The method comprises introducing a flexible hose into a fluid conduit system
through a pressure control device, and running the flexible hose into a conduit to be
cleaned while a fluid stream flows in the conduit. At least one substance is cleaned from
the conduit by pumping a cleaning fluid into a bore of the flexible hose and expelling the
cleaning fluid from the flexible hose into the conduit through at least one outlet in the
flexible hose. The substance is carried the at least one substance in the fluid stream to a

conduit outlet.

Applications of the invention include the cleaning of produced fluid conduits (including
overboard water caissons), marine risers (including production risers), closed drains, heat
exchange systems and process pipe work (including from the riser to the separator, or
between a flare stack and an export pump), while fluid is flowing in the conduits. The
invention can be deployed against the flow direction or with the flow direction. The
invention has application across a range of fluid conduit sizes, fluid flow rates, and
pressures. The invention may be used as a primary cleaning method or as a

complementary tool to cleaning methods such as pigging.
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Various modifications may be made to the above-described embodiments within the scope
of the invention. For example, although the apparatus is shown in a linear configuration in
the drawings, the flexibility of the hose allows alternative orientations of the apparatus. For
example, components of the system may be inclined with respect to one another to reduce
the footprint of the apparatus. For example, an angled connection may be provided
between the stripper and the chamber, with a suitable guide path for the flexible hose. In
another embodiment, the drive mechanism of a feeding unit comprises contact surfaces on
wheel-driven belts. The belts provide a smooth contact surface which has a degree of
compliance. This surface contacts the outer surface of the hose, with rotation of the
wheels driving the belts to push or pull the hose through the apparatus and into or out of
the conduit system. The invention extends to combinations of features other than those

expressly claimed herein.

The present invention provides an improved method and apparatus for cleaning the inside
of fluid conduit systems which has application to a wide range of fluid conduit systems

used in the hydrocarbon exploration production industry.
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Claims

A method of cleaning a fluid conduit in a hydrocarbon production installation, the
method comprising:

providing a feeding module for a flexible hose, the feeder module configured to
engage an outer wall of the flexible hose and impart a pushing and/or pulling force
on the flexible hose;

introducing the flexible hose into the fluid conduit system through a pressure control
device;

running a first end of the flexible hose into a conduit to be cleaned while a fluid
stream flows in the conduit;

cleaning at least one substance from the conduit by pumping a cleaning fluid into a
bore of the flexible hose and expelling the cleaning fluid from the flexible hose into
the conduit through at least one outlet in the flexible hose; and

carrying the at least one substance in the fluid stream to a conduit outlet.

The method as claimed in claim 1 comprising forcibly displacing the at least one

substance from the conduit by jetting of the cleaning fluid from the hose.

The method as claimed in claim 1 or claim 2 comprising engaging an outer wall of a

flexible hose by indenting the wall of the flexible hose

The method as claimed in any preceding claim comprising deploying the hose into

the conduit at least in part using drag force imparted by the fluid stream.

The method as claimed in any preceding claim comprising pumping fluid during
deployment of the hose, and deploying the hose at least in part using a fluid jetting

force from fluid expelled from the hose.

The method as claimed in any preceding claim comprising retracting the hose from

the fluid conduit while the fluid stream flows in the conduit.

The method as claimed in any preceding claim comprising passing a distal end of
the hose through the pressure control device and subsequently attaching a nozzle to

the hose.
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11.

12.

13.

14.
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The method as claimed in any preceding claim comprising expanding a nozzle

extension portion from a first retracted position to a second expanded position.

An apparatus for cleaning a fluid conduit in a hydrocarbon production installation, the
apparatus comprising:

a flexible hose comprising a bore and at least one outlet;

a pressure control device;

a coupling for an opening of a fluid conduit system;

at least one feeding module for engaging the flexible hose and imparting a pushing
and/or pulling force on the flexible hose to introduce it through the pressure control
device and into or out of the fluid conduit system; and

a pump configured to pump a cleaning fluid into the bore of the flexible hose and
expel the cleaning fluid into the conduit through the at least one outlet in the flexible

hose.

The apparatus as claimed in claim 9 wherein the flexible hose is a composite hose

comprising at least one plastic layer and at least one metal layer.

The apparatus as claimed in claim 9 or claim 10 wherein the hose has an inner

diameter in the range of 5 mm to 60 mm.

The apparatus as claimed in claim 11 wherein the flexible hose has an inner

diameter of approximately 20 mm to 60 mm.

The apparatus as claimed in any of claims 9 to 12 wherein the flexible hose has a

minimum elastic bending radius of less than 40 times the inner diameter of the hose.

The apparatus as claimed in claim 13 wherein the hose has a minimum elastic bend

radius of approximately 12 times the inner diameter of the hose.

The apparatus as claimed in any of claims 9 to 14 comprising a nozzle configured to

produce a rearward fluid jet which provides a propulsive force on the hose.
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The apparatus as claimed in claim 15 further comprising a drive mechanism, wherein
the drive mechanism is configured to engage with the outer surface of the flexible

hose by forming indentations in the outer surface of the hose.

The apparatus as claimed in claim 16 wherein the indentations are formed to a depth

of less than 1 mm.

The apparatus as claimed in claim 16 or claim 17 wherein the drive mechanism

comprises at least one chain and one or more chain blocks.

The apparatus as claimed in claim 18 wherein the chain blocks comprise a concave

surface which is part-circular in profile.

The apparatus as claimed in claim 18 or claim 19, wherein chain blocks comprise
teeth or ridges, and the teeth or ridges are shaped to provide a directional

engagement with the flexible hose.

The apparatus as claimed in any of claims 18 to 20 wherein the chain blocks

comprise teeth or ridges, and the teeth or ridges are formed to different heights.

The apparatus as claimed in claim 21 wherein teeth or ridges disposed at or around
the longitudinal centre of the block are higher than teeth or ridges disposed further

away from the longitudinal centre of the block.

The apparatus as claimed in any of claims 9 to 22 wherein the feeding module is
capable of applying a pushing force or a pulling force equivalent to a weight greater
than 100kg.

The apparatus as claimed in claim 23 wherein the feeding module is capable of

applying a pushing force or a pulling force equivalent to a weight greater than 300kg.

The apparatus as claimed in any of claims 9 to 24 wherein the feeding module
comprises a plurality of feeding units, each feeding unit comprising a drive

mechanism.
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The apparatus as claimed in any of claims 9 to 25 wherein the apparatus comprises
a chamber located between the pressure control device and an opening for coupling
to a fluid conduit system, and the chamber provides access to the flexible hose at a

location below the pressure control device.

The apparatus as claimed in any of claims 9 to 26 further comprising a blowout

preventer.

The apparatus as claimed in any of claims 9 to 27 further comprising a cutting device

configured to cut, shear, or sever the flexible hose.

The apparatus as claimed in any of claims 9 to 28 further comprising a gripping

mechanism arranged to retain a portion of the flexible hose in the apparatus.

The apparatus as claimed in any of claims 9 to 29 wherein the pressure control

device comprises one or more stripping elements.

A modular system for cleaning a fluid conduit in a hydrocarbon production
installation, the modular system comprising:

a pressure control module configured to be coupled to an opening of a fluid conduit
system;

a first feeding module for imparting a pushing and/or pulling force on a flexible hose
to introduce it through the pressure control module into or out of the fluid conduit
system; and

a second feeding module for imparting a pushing and/or pulling force on the flexible
hose to introduce it through the pressure control module into or out of the fluid

conduit system.

The modular system as claimed in claim 31, wherein the first and second feeding
modules are configured to be used together to impart a pushing and/or pulling force

on a flexible hose.

The modular system as claimed in claim 31 or claim 32, wherein one or more of the

feeding modules is portable.
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The modular system as claimed in claim 33 wherein one or more of the feeding

modules comprises a frame or chassis mounted on wheels or rollers.

The modular system as claimed in any of claims 31 to 34 wherein one or more of the

feeding modules comprises a plurality of feeding units.

The modular system as claimed in claim 35 wherein each feeding unit comprises a

drive mechanism for a flexible hose.

The modular system as claimed in claim 36 wherein the drive mechanism is
configured to engage with the outer surface of the flexible hose by forming

indentations in the outer surface of the hose.

The modular system as claimed in claim 37 wherein the indentations are formed to a

depth of less than 1 mm.

The modular system as claimed in any of claims 36 to 38 wherein the drive

mechanism comprises at least one chain and one or more chain blocks.

The modular system as claimed in claim 39 wherein the chain blocks comprise a

concave surface which is part-circular in profile.

The modular system as claimed in claim 39 or claim 40, wherein chain blocks
comprise teeth or ridges, and the teeth or ridges are shaped to provide a directional

engagement with the flexible hose.

The modular system as claimed in claim 40 or claim 41, wherein chain blocks

comprise teeth or ridges, and the teeth or ridges are formed to different heights.

The modular system as claimed in claim 42 wherein teeth or ridges disposed at or
around the longitudinal centre of the block are higher than teeth or ridges disposed

further away from the longitudinal centre of the block.
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The modular system as claimed in any of claims 31 to 43 wherein at least one of the
first and second feeding modules is capable of applying a pushing force or a pulling

force equivalent to a weight greater than 100kg.

The modular system as claimed in claim 44 wherein at least one of the first and
second feeding modules is capable of applying a pushing force or a pulling force

equivalent to a weight greater than 300kg.
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