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SYSTEMSFOR REMOVING BLOCKAGESIN SUBSEA FLOWLINES AND
EQUIPMENT

FIELD OF INVENTION
The present invention generally relates to subsedugtion from oil and gas wells
and, more particularly, to unique systems thatudela unique blockage remediation skid
that is adapted to be mounted to an ROV (Remotglgr&led Vehicle) and used to remove
blockages, e.g., hydrate blockages, debris blockagte., from subsea flowlines and subsea

equipment.

BACKGROUND OF THE INVENTION

Production of hydrocarbons (oil and/or gas) frorhsaa oil/gas wells typically
involves positioning several items of productiomipgent, e.g., Christmas trees, manifolds,
pipelines, flowline skids, pipeline end terminasg’LETS), etc. on the sea floor. Flowlines
or jumpers are normally coupled to these varicem# of equipment so as to allow the
produced hydrocarbons to flow between and amonig graduction equipment with the
ultimate objective being to get the produced hydrbon fluids to a desired end-point, e.g., a
surface vessel or structure, an on-shore storagéyar pipeline, etc. Jumpers may be used
to connect the individual wellheads to a centrahificdd. In other cases, relatively flexible
lines may be employed to connect some of the sugg@ament items to one another. The
generic term “flowline” will be used throughout shapplication and in the attached claims to
refer to any type of line through which hydrocarkamtaining fluids can be produced from a
subsea well. As noted above, such flowlines maydie, e.g., steel pipe, or they may be

somewhat flexible (in a relative sense as compareteel pipe), e.g., flexible hose.

One challenge facing offshore oil and gas operationolves insuring the flowlines
and fluid flow paths within subsea equipment renggen so that production fluid may
continue to be produced. The produced hydrocarluasfwill typically comprise a mixture
of crude oil, water, light hydrocarbon gases (sastmethane), and other gases such as
hydrogen sulfide and carbon dioxide. In some irstansolid materials or debris, such as
sand, small rocks, pipe scale or rust, etc., mayied with the production fluid as it leaves
the well. The same challenge applies to other sufbis@lines and fluid flow paths used for

activities related to the production of hydrocarkohhese other flowlines and flow paths
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could be used to, for example, service the subsmEuption system (service lines), for
injecting water, gas or other mixture of fluidsarsubsea wells (injection lines) or for

transporting other fluids, including control flui¢sontrol lines).

One problem that is sometimes encountered in théyation of hydrocarbon fluids
from subsea wells is that a blockage may formsnlasea flowline or in a piece of subsea
equipment. In some cases the blockage can corypbdtek the flowline/equipment while
in other cases the blockage may only partially blkbe flowline/equipment. For example,
the solid materials entrained in the produced #uithy be deposited during temporary
production shut-downs, and the entrained debris se#tle so as to form all or part of a
blockage in a flowline or item of production equigmt. Another problem that may be

encountered is the formation of hydrate blockagedke flowlines and production equipment.

In general, hydrates may form under appropriaté pigssure and low temperature
conditions. As a general rule of thumb, hydratey form at a pressure greater than about
0.47 MPa (about 1000 psi) and a temperature ofhessabout 21°C (about 70°F), although
these numbers may vary depending upon the pantiapfaication and the composition of the
production fluid. Subsea oil and gas wells thatlacated at water depths greater than a few
hundred feet or located in cold weather environsiearie typically exposed to water that is at
a temperature of less than about 21°C (about 7&i&)in some situations, the surrounding
water may only be a few degrees above freezinghofgh the produced hydrocarbon fluid
is relatively hot as it initially leaves the welliig as it flows through the subsea production
equipment and flowlines, the surrounding water walbl the produced fluid. More
specifically, the produced hydrocarbon fluids wibol rapidly when the flow is interrupted
for any length of time, such as by a temporary pobidn shut-down. If the production fluid
is allowed to cool to below the hydrate formatiemperature for the production fluid and the
pressure is above the hydrate formation pressurdéoproduction fluid, hydrates may form
in the produced fluid which, in turn, may ultimatébrm a blockage which may block the
production fluid flow paths through the productitowlines and/or production equipment.

Of course, the precise conditions for the formatbhydrates, e.g., the right combination of
low temperature and high pressure is a functiommwipng other things, the gas-to-water
composition in the production fluid which may vdrgm well to well. When such a blockage

forms in a flowline or in a piece of production gmuent, either a hydrate blockage or a
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debris blockage or a combination of both, it mwestémoved so that normal production

activities may be resumed.

Figure 1 simplistically depicts one illustrativagrart system and method for
removal of such alockagefrom subsea flowlines/equipment. In this exampmanent
production equipment in form of an illustrative guztion tree 12, a manifold 15 and a PLET
17 are positioned on the sea floor 13 (e.g., medlio a body of water having a surface 11.
In this example, a blockage 20 will be depictetheimg formed in a flowline 16 between the
manifold 15 and the PLET 17. The production flfiavs from the manifold 15 toward the
PLET 17, as indicated by the arrow 18 in FigureéAs. depicted, the blockage 20 has an
upstream side 20A and a downstream side 20B. riargé the prior art method involves use
of system that includes, among other things, aaserfessel 10, a flowline remediation skid
(FRS) 22 positioned on the sea floor 13, an optiohamical storage tank 34, and a subsea
hydraulic power unit 24 (SPHU) that is suspendedhfthe vessel 10 by a line 24X.
Electrical power and communications maybe provigeithe SHPU 24 via the line 24X. In
turn, the SHPU 24 may supply power, communicatignads and/or pressurized hydraulic
fluid to the flowline remediation skid 22 via oneraore lines 26. Although not depicted in
Figure 1, the SHPU 24 may also supply power, conication signals and/or pressurized
hydraulic fluid to the optional chemical storageka&4 by another connection line (not

shown).

In the example depicted in Figure 1, the flowlieeediation skid 22 is operatively
coupled to the manifold 15 by a flexible remediatflow line 28 at connection point 28X, an
access point that is upstream of the blockagel2@ther examples, the flowline remediation
skid 22 may be operatively coupled to equipmenines even further upstream of the
blockage 20, e.g., the tree 12, or to an accesd poihe flowline 16 itself (although neither
of these situations is depicted in Figure 1). Imseaases, the flowline remediation skid 22
may be operatively coupled to an access point, aa¢he PLET 17, that is positioned
downstream of the blockage 20, as depicted by disbat-line remediation flow line 28A.
The connection 28X between line 28 and the maniféldnay be a so-called stab-in
connection that is commonly employed in subseapegent to facilitate the connection of a
flowline to an item of subsea equipment by usenoR®V. The chemical storage tank 24 (if
used) is operatively coupled to the flowline renad¢idn skid 22 by a flexible remediation

flow line 36.
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The flowline remediation skid 22 is operatively ptad to a plurality of risers 30A-B
(e.g., coiled tubing, hose, drill pipe, etc.) tbatend from the vessel 10 by a plurality of
flexible remediation flow lines 32A-B, respectivelfhe risers 30A-30B are both adapted to
receive lighter fluids and gases (as depicted byathows 31) from the outlet of the flowline
remediation skid 22, as described more fully bel@e term “remediation flow lines” is
used throughout this application to indicate thad 28, 32A-B and 36 are not part of the
normal production flowlines used in producing hygdons from the well. Also depicted in
Figure 1 is an illustrative ROV (Remotely Operatézhicle) 38 that is operatively coupled to
the vessel 10 by a simplistically depicted ROV urodi 40. The ROV 38 is used for,
among other things, connecting the various line28632A-B and 36 among the subsea
remediation equipment, e.g., the flowline remediaskid 22, the chemical storage tank 34
(when used) and the SPHU 24, and to observe retr@d@perations.

As shown in Figure 2, the flowline remediation sRRItypically includes a
simplistically depicted sump/separator pressurseled3. The vessel 23 comprises an upper
portion 23A and a sump 23B. The vessel 23 haseeps fluid inlet 25 that is adapted to
receive production fluid from the manifold 15 ahe remnants of the blockage 20 as it is
removed. The vessel 23 also comprises first aconskprocess fluid outlets 27A-B whereby
relatively lighter fluids and gas (as depicted g &rrows 31) are pumped up the risers 30A-
B, respectively, using one or more pumps (not shdhet are part of the flowline
remediation skid 22. The sump 23B comprises aleio2® whereby solid materials that
collect in the sump 23B, e.g., debris and/or posiof the blockage 20, may be removed
from the sump 23B when the flowline remediatiordsk® is retrieved to the vessel 10
periodically or after remediation processes arepetad. The upper portion 23A of the
pressure vessel 23 is sized and designed such kizet sufficient volume to allow for
sufficient residence time of the production flueteived into the vessel 23 so that
substantially all or a significant portion of theteined solids (e.g., blockage remnants
and/or solids) in the production fluid to fall intlee sump 23B. By way of example only, the
vessel 23 may be relatively large, e.g., a dianwtabout 0.6 — 1.2 meters (about 2-4 feet)
and a length of about 2.4 — 3 meters (about 8-&f) feith an internal capacity of about 3.8
m® (about1000 gallons) or greater. If employed,dhemical storage tank 34 is used to store
chemicals, e.g., methanat other suitable hydrate formation inhibitors, elhmay be

employed in the blockage removal process.
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Several technigues have been employed to remoekdiies (debris and/or hydrates)
from subsea flowlines and subsea production equipmia the example depicted in Figure
1, wherein thélowline remediation skid 22 is operatively coupledhe manifold 17, the
method maynvolve first injecting chemicals into an area beaipstream side 20Af the
blockage 20 in an attempt to chemically dissolveadten the blockage 20. Thereafter,
efforts are undertaken to reduce the pressureempisiream side 204Af the blockage 20 by
creating a region of relatively low pressure onupstream side 20Af the blockage 20.

The area of low pressure serves at least two pagposirst, by exposing the blockage 20, in
this case a hydrate blockage, to a lower pressuits apstream side 20#at is less than the
hydrate formation pressure, all or a part of theckhge 20 may essentially “melt” away (via
sublimation). Second, the pressure onupstream side 204f the blockage 20 may be
reduced in an attempt to create a differentialqaresacross the blockage 20 (with higher
pressure being present on the downstream side 2i# blockage) so as to force the
blockage 20 through the manifold 15 and into thpas&tor/sump vessel 23 on tit@vline
remediation skid 22 One illustrative prior art method to create tl@gion of low pressure on
theupstream side 20Af the blockage 20 is as follows. When flosvline remediation skid
22 is initially lowered to the sea floor 13, the imtal pressure within separator/sump vessel
23 may be maintained at a relatively low presseug, about 0.101 MPA (aboutl
atmosphere). At some point after flt@vline remediation skid 21 positioned on the sea
floor 13 and coupled to the manifold 15, approgrialves are actuated such that fluid
communication is established between the flowli@®a theupstream side 204f the
blockage 20 and the separator/sump vessel 23 thezdhcing the pressure in the flowline
16. Once the production fluid, with portions bétremoved blockage 20 entrained therein,
is introduced into theressure vessel 23 (via inlet 25- see Figureudstantially all or a
significant portion of the entrained solids (eldgckage remnants and/or solids) in the

productionfluid collect and fall into the sump 23B.

One problem with the above prior art system is, timadleep water applications, the
density of the production fluid and the resultiregk pressure (due to the hydrostatic head) in
the lines 30A-30Bimit or prevent the ability to reduce pressure in the fioell6 on the
upstream side 20Af the blockage 20 to a sufficiently low levels A result, it may be
difficult to create a low enough pressure regiortl@upstream side 20Af the blockage 20
such that hydrate sublimation occurs, i.e., it thayifficult to establish a pressure on the

upstream side 20Af the blockage 20 that is less than the hyd@at®dtion pressure.
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Additionally, due to the back pressure (the hyditisthead in the lines 30A-B) it may not be
possible to create enough of a differential pressigross then blockage 20 so as to dislodge
or break-up the blockage 20 and force it into teesel 23 on thifowline remediation skid
(FRS) 22.

The effectiveness of this prior art method mayiimétéd by several other factors.
First, the volume capacity of the pressure ves3ehdy be limited by the depth of the water
since the vessel 23 must be designed so as to ttesisxternal pressure on the vessel 23
from the water. All other things being equal, Erdiameter vessels 23 are more likely to
collapse under external pressure than are smafledéx vessels. Accordingly, in
applications where the vessel 23 needs a largecagipit must be manufactured with thicker
walls and/or stiffeners so as to withstand thereslepressure of the surrounding water, all of
which tend to make it heavier as well as more egperto manufacture and transport to the
offshore well site. Moreover, such a larger pressessel 23 may require a surface vessel 10
with enhanced lifting capabilities due to the sanel weight of the vessel 23, all of which
tend to add to the cost of installing and retriguine vessel 23 from the sea floor. This is
especially true when a larger sump 23B on suchgetaressel 23 is filled with solid
materials due to the remediation process. Yetrmngiroblem with the prior art system
described above is that it consumes significantuartsoof valuable plot space on the sea
floor 13, especially if the chemical storage tadki8employed. This increase in the required
overall space on the sea floor 13 space to sdilttotkage remediation equipment can
become problematic in that it may be difficult tsfiion the blockage remediation
equipment around the permanently installed subssguption equipment in tightly packed
subsea field architectures or in areas where seges are present on the sea floor 13 or

geotechnical hazards are prevalent.

A major disadvantage with several prior art systentlat they include hydrate
remediation equipment that is installed on thefleea 13 during remediation operations.
This requires that any connections between thesenessel 10 and the subsea equipment
must be rapidly disconnected in case of a los®sition (so called drive-off or drift-off) of
the surface vessel 10; otherwise the equipmentdvoeildamaged. Additionally, such a
situation could even represent a major risk tankegrity of the subsea production system if
the equipment on the sea floor 13 is dragged arbyrile downlines (e.g., 30A, 30B)

connected to the moving vessel 10.
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The present application is directed to variousesyst methods and devices useful in
removing blockages, e.g., hydrate plugs, debrigglatc., from subsea flowlines and subsea

equipmenthat may eliminate or at least minimize some ofgdtablems noted above.

BRIEF DESCRIPTION OF THE INVENTION
The following presents a simplified summary of theention in order to provide a
basic understanding of some aspects of the inuentibhis summary is not an exhaustive
overview of the invention. It is not intended t@mntify key or critical elements of the inven-
tion or to delineate the scope of the inventiots. sble purpose is to present some concepts in

a simplified form as a prelude to the more detadledcription that is discussed later.

In one embodiment, the present application is galyerdirected to blockage
remediation system for removing blockages, e.gdrdie plugs, debris plugs, etc., from
subsea flowlines and subsea equipméntone illustrative embodiment, the system idels,
among other things, an ROV deployed into a bodyvater from a surface vessel and a
blockage remediation skid that is operatively cedpo the ROV, wherein the skid includes
at least a skid fluid inlet and a skid fluid outlefhe system also includes a returns downline
and a pressurized lift-gas supply downline thaerds into the body of water from the
vessel. The returns downline is operatively codipie the skid fluid outlet, while the
pressurized lift-gas supply downline is adaptetbeécoperatively and directly coupled to the
blockage remediation skid or operatively and diyecbupled to the returns downline. The
system also includes a remediation flow line teatperatively coupled to the skid fluid inlet

and a subsea flowline or an item of subsea equipmen

In another illustrative embodiment, the presentiappon is also directed to blockage
remediation skid that is adapted to be mountedht®@V wherein the remediation skid is
useful in removing blockages, e.g., hydrate plaghris plugs, etc., from subsea flowlines
and subsea equipmenin one illustrative embodiment, the skid incladamong other things,
a skid fluid inlet, a skid fluid outlet (that is @gted to be placed in fluid communication with
a returns downline from a surface vessel) and @ plassurized lift-gas inlet (that is adapted

to be placed in fluid communication with a preszsead lift-gas supply downline from the



10

15

20

25

30

WO 2017/135941 PCT/US2016/016320
8

surface vessel. The skid also includes a processeVthat is adapted to receive a production
fluid from a subsea flowline or an item of subsepipment wherein production fluid
introduced in to the process vessel is adapteck tmtboduced into the returns downline via
the skid fluid outlet.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be described with theampanying drawings, which

represent a schematic but not limiting its scope:

Figures 1 and 2 depict one illustrative prior arstem that may be employed to
remove blockages, e.g., hydrate plugs, debris pletgs, from subsea flowlines and subsea

equipment

Figure 3 depicts one illustrative embodiment ofoaal system disclosed herein that
is useful in removing blockages, e.g., hydrate lutebris plugs, etc., from subsea flowlines

and subsea equipment;

Figure 4 depicts another illustrative embodimena afovel system disclosed herein
that is useful in removing blockages, e.qg., hydmategs, debris plugs, etc., from subsea

flowlines and subsea equipment;

Figure 5 depicts various views of an embodimerd bfockage remediation skid 104
that is operatively mounted on an ROV;

Figures 6-6E are figures that include a simpligirocess flow diagram of one
illustrative embodiment of a novel blockage remedraskid that may be used in the system
disclosed herein to remove blockages, e.g., hydvhtgs, debris plugs, etc., from subsea
flowlines and subsea equipment as well as pos$litwe path configurations that may be

established using the unique valving and systemBgroations disclosed herein;

Figure 7 is a plan view of an illustrative baffleafe that may be incorporated as part
of a process vessel that may be included as pameillustrative embodiment of a blockage

remediation skid disclosed herein;
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Figure 8 is a simplistic cross-sectional view ofeatiustrative embodiment of a
process vessel that may be include as part of durative embodiment of a blockage

remediation skid disclosed herein; and

Figures 9 and 10 are various views of anothertithtive embodiment of a process
vessel that may be included as part of one illtisgrambodiment of a blockage remediation

skid disclosed herein.

While the subject matter disclosed herein is susiglepto various modifications and
alternative forms, specific embodiments thereofehbgen shown by way of example in the
drawings and are herein described in detail. tukh be understood, however, that the
description herein of specific embodiments is ndended to limit the invention to the
particular forms disclosed, but on the contrarg ihtention is to cover all modifications,
equivalents, and alternatives falling within thé&isgnd scope of the invention as defined by
the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Various illustrative embodiments of the inventiaoe described below. In the interest
of clarity, not all features of an actual implensitn are described in this specification. It
will of course be appreciated that in the developimgf any such actual embodiment,
numerous implementation-specific decisions mustntede to achieve the developers’
specific goals, such as compliance with systemt@dlaand business-related constraints,
which will vary from one implementation to anothekoreover, it will be appreciated that
such a development effort might be complex and-weresuming, but would nevertheless be
a routine undertaking for those of ordinary skill the art having the benefit of this

disclosure.

The present subject matter will now be describeth weference to the attached
figures. Various structures, systems and devicesehematically depicted in the drawings
for purposes of explanation only and so as to hstore the present disclosure with details
that are well known to those skilled in the art.evdrtheless, the attached drawings are
included to describe and explain illustrative exéesmf the present disclosure. The words

and phrases used herein should be understood tergrated to have a meaning consistent
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with the understanding of those words and phragethdse skilled in the relevant art. No
special definition of a term or phrases,, a definition that is different from the ordinaamd
customary meaning as understood by those skillethenart, is intended to be implied by
consistent usage of the term or phrase hereinth@@xtent that a term or phrase is intended
to have a special meaningg., a meaning other than that understood by skiltédaas, such
a special definition will be expressly set forthtive specification in a definitional manner

that directly and unequivocally provides the spledgdinition for the term or phrase.

Figures 3-10 depict various novel systems, metlandsdevices useful in removing
blockages, e.g., hydrate plugs, debris plugs, feton subsea flowlines and subsea
equipment. As described more fully below, the systd 00 includes various novel devices
and such systems enable the performance of vamowed methods to remove blockages
from subsea flowlines and equipment as describe® fatly below. Figures 3-10 may

include references to certain items previously diesd in Figures 1 and 2 above.

Figure 3 depicts one illustrative embodiment obael blockage remediation system
100 disclosed herein that may be used to removiduiltative blockage 20 (described
previously above) positioned in the illustrativeviine (defined above) 16 positioned
between the two illustrative items of subsea eqeipim.e., the manifold 15 and the PLET
17. As before, the production fluid flows in thieedtion indicated by the arrow 18. In
general, the system comprises a first ROV 102,aabldckage remediation skid 104 that is
operatively coupled to the ROV 102. The ROV 108psratively coupled to the surface
vessel 10 by a schematically depicted ROV umbill€#X. The ROV 102 contains a power
supply system for powering the functions of the R/and for supplying power and

communication lines to the blockage remediationl 4Ki4.

In the example depicted in Figure 3, the blockageediation skid 104 is adapted to
be directly and operatively coupled to a pressdrlfegas supply line 108 (e.g., a downline
from the vessel 10) whereby a pressurized non{l@ldt-gas 108X, such as nitrogen, is
provided from the vessel 10 to the blockage rentietiakid 104 for reasons that will be
discussed more fully below. The pressurized $g¢08X is supplied from facilities on the
vessel 10, e.g., a compressor and a stored supliftygas. The pressure of the pressurized
lift-gas 108X as well as the flow rate of the pres=ed lift-gas 108X may vary depending
upon the particular application, e.g., in one tllasve embodiment, it may be supplied at a
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pressure that falls within the range of about 2031.5 MPa (about 3000-5000 psi), and its
flow rate may be on the order of about 9.9 — 56%fim (about 350-2000 $tmin).

The blockage remediation skid 104 is also adajtdsttoperatively coupled to a
returns downline 106 from the vessel 10, wherelpgpetion fluid 115X, that includes
pressurized lift-gas 108X and remnants of a bloek&@that is removed, is sent to the vessel
10 as the blockage remediation process is perfaragedescribed more fully below.

Facilities are provided on the vessel 10 to recaive store or further process the production
fluid 115X.

The blockage remediation skid 104 also includesn@ediation flow line 110 that is
adapted to be coupled to an access point on aatlbsdine or an item of subsea equipment
at any desired location either on the upstream 2@deof the blockage 20 or on the
downstream side 20B of the blockage 20. In themga depicted in Figure 3, the
remediation flow line 110 is operatively coupledite manifold 15 (a location on the
upstream side 20A of the blockage 20), such thadymtion fluid 115 may be supplied to the
blockage remediation skid 104 via the manifold 2. depicted by the dashed remediation
flow line 110Y, the blockage remediation skid 10dynibe operatively coupled to an access
point even further upstream of the blockage 2Q, thg tree 12. If desired, as depicted by
the dashed remediation flow line 110Z, the blockaseediation skid 104 may be
operatively coupled to an access point (e.g., tHeTPL7) that is positioned on the
downstream side 20B of the blockage 20. In thidfigaration, the system 100 can be used
to reduce or increase the pressure on the downssike 20B of the blockage 20 as
described more fully below. The various connedibatween the blockage remediation skid
104 and the flowline or subsea equipment, e.g.ctmmection 110X between the remediation
flow line 110 and the manifold 15 may be a so-ch#itab-in connection that is commonly
employed in subsea equipment to facilitate the eotion of a flowline to the equipment or
flowline 16 by use of an ROV.

Figure 4 depicts another version of the novel bdgekremediation system 100
disclosed herein that may be used to remove thsriditive blockage 20 in the flowline 16.
Relative to the system 100 depicted in Figure 3hésystem 100 shown in Figure 4, the
pressurized lift-gas supply line 108 is directlypted to the returns line 106 via an
illustrative access point 107 (e.g., a teed infet) the returns line 106 at a location that is
relatively near the bottom of the returns line 1d®at is, in the embodiment shown in



10

15

20

25

30

WO 2017/135941 PCT/US2016/016320
12

Figure 4, unlike the system shown in Figure 3,dressurized lift-gas supply line 108 is not
directly coupled to the blockage remediation skid.1In the system shown in Figure 4, the
flow rate and pressure of the pressurized lift-t28X that is introduced into the returns line
106 may be controlled by an operator on the velelAdditionally, in the system shown in
Figure 4, the remediation flow line 110 is operalyvcoupled to an access point 16X on the
flowline 16 (a location on the upstream side 20Ah&f blockage 20), such that production
fluid 115 may be supplied to the blockage remeadliasikid 104 via the access point 16X. Of
course, the system in Figure 4 may be operativelypled to the flowline 16 and/or the tree
12, the manifold 15 or the PLET 17 as described/@lath reference to Figure 3. As will be
appreciated by those skilled in the art after alete reading of the present application, the
blockage remediation systems 100 described hecoeild de operatively coupled to any
connection point on any item of subsea equipmeatftowline. For example, either of the
systems 100 could be operatively coupled to a jurbpeveen the tree 12 and the manifold
15, to the connection point or the manifold 15atwonnection point 16X on the flowline 16,
or to a connection point on a pipeline downstre&mh® PLET, for example, a pipeline or
riser 109 (as shown in Figures 3 and 4), whicloigtie purposes of the inventions disclosed

herein is to be considered as a flowline).

The systems 100 in both Figures 3 and 4 may atdode a second ROV 112 that is
operatively coupled to the vessel 10 by a schemwftidepicted ROV umbilical 112X. In
some application, the second ROV 112 may includeeanical supply skid 114 that includes
one or more chemicals, e.g., methanol, that mayskeé&ul in performing the blockage
remediation processes disclosed herein. A linetda8is in fluid communication with the
chemical supply skid 114 on the second ROV 112 beagperatively coupled to the
blockage remediation skid 104 on the first ROV $02h that chemicals may be employed in
the blockage remediation processes described rmlblyeoelow. However, it should be
understood that the chemical supply skid 114 mayaaequired in all applications. In
some cases, chemicals that may be used in remtherigjockage 20 may be available from
some of the items of subsea equipment positiondgti@eea floor 13, such as the production
tree 12. The second ROV 112 may also be emplayedtablish the various connections
between the blockage remediation skid 104 and¢leet 10 as well that the connection
between the blockage remediation skid 104 anduhsesa equipment and/or flowline. Of

course, as will be appreciated by those skilletthénart after a complete reading of the
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present application, the systems 100 describedur&s 3 and 4 can, in at least some

applications, be effectively installed and operatéith the use of only a single ROV 102.

With continuing reference to Figure 6 — 6E, theays 100 include a unique
arrangement of valves that provide an operator thighcapability of defining various process
flow paths of the various process streams so ashi@ve various desired operational
configurations and objectives. In the examplesaeg in Figures 6 and 6A, the system
comprises a plurality of individual valves: a pratan fluid valve 132-1 (for receiving
production fluid 115), a pressurized lift-gas vah&2-2 (for receiving pressurized lift-gas
108X) and a returns line valve 132-3 (for receivangduction fluid 115X that contains
entrained remnants of the blockage 20) and coirtgothe flow of the fluid 115X into the
returns line 106. All of these valves (132-1, -232and 132-3) need not be physically
located on the blockage remediation skid 104 im@ilications, although such a
configuration may be implemented if desired. Altleese valves, as well as any other valve
that is on or near the skid 104, can be operatatidgontrol system on the ROV 102 via the
skid 104 and/or manually operated by the manipukatm on the ROV 102 or the
manipulator arm on the ROV 112. These valves rakg the form of individual valves, as
depicted in Figures 6 and 6A or they may be contbasepart of a multiple-way valve, such
as the illustrative 3-way valve 133 shown in FigéB2 In the discussion below, reference
will be made to the illustrative example where ¥héves 132-1, 132-2 and 132-3 are each
individual valves, but the discussion below is dlyugpplicable to the example where the

these valves are part of the 3-way valve 133 degict Figure 6B.

With reference to Figure 6C, among other fluid flpaths, these valves may be
selectively configured to establish a first flontlpavhereby pressurized lift-gas 108X may
flow down the pressurized lift-gas line 108 anaitite remediation flow line 110 while the
returns downline 106 is closed (at or near the k). More specifically, this first flow
path may be established by opening the valves 1&#d1132-2 and closing the valve 132-3.
With reference to Figure 6D, these valves may héseelectively configured to establish a
second flow path whereby production fluid 115 tisateceived into the remediation flow line
110 (e.qg., by accessing the manifold 15 or thesscpeint 16X) may flow into the returns
downline 106 (as part of the production fluid 118t contains remnants of the blockage
20) while the pressurized lift-gas line 108 is eldgat or near the skid 104). This second
flow path may be established by opening the val@%1 and 132-3 and closing the valve
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132-2. As yet another example, with referenceigoife 6E, these valves may also be
selectively configured to establish yet a thirdilpath whereby pressurized lift-gas 108X
may flow down the pressurized lift-gas line 108d amto the returns downline 106 while the
remediation flow line 110 is closed (at or neargkil 104). This third flow path may be
established by opening the valves 132-2 and 13X bkpsing the valve 132-1.

Figure 5 contains various views of the ROV 102 tadblockage remediation skid
104 so as to show some illustrative examples of@taarious inlet and outlet connections to
the blockage remediation skid 104 may be madeyeheral, the blockage remediation skid
104 will have an outer housing (or outer shell)ywvanh upper surface 104S and a front surface
104F. Of course, the various connections descihieeein may be positioned at any desired
location on the blockage remediation skid 104.dégicted, in one example, the blockage
remediation skid 104 includes a skid pressurizZiédjéis inlet 108A that is adapted to be
coupled to the pressurized lift-gas downline 1@8rfithe vessel 10 such that pressurized lift-
gas 108X may be supplied from the vessel 10 tdkbekage remediation skid 104. The
blockage remediation skid 104 also comprises ataduction fluid outlet connection 106A
whereby production fluid 115X (with entrained Iggs 108X and remnants of the blockage
20 therein) is returned to the vessel 10 via théme downline 106 during the blockage
remediation process. Also depicted is a skid pcodn fluid inlet 110A in the front face
104F of the blockage remediation skid 104. Thd gkoduction fluid inlet 110A is adapted
to be in fluid communication (via line 110) withetBubsea production equipment or flowline
16 such that production fluid 115 (with entrainechnants of the blockage 20 therein) is
supplied to the blockage remediation skid 104 dutine blockage remediation process. The
blockage remediation skid 104 may also includeid stkemical inlet 118A that is adapted to
be coupled to the line 118 from the chemical suggly 114 (when employed) such that
chemicals may be employed in the blockage remedigiiocess as described more fully
below. In the system depicted in Figure 4, thd gkessurized lift-gas inlet 108A may not
be included on the blockage remediation skid TDde various connections to the blockage
remediation skid 104 may be so-called stab-in cotores that are commonly employed in
subsea equipment to facilitate the connectionftdvaline to the equipment by use of an
ROV.

Figure 6 is a simplistic process flow diagram faeadllustrative embodiment of a

blockage remediation skid 104 disclosed hereinon@ embodiment, all of the equipment
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positioned within the dashed line 105 may be phiti@ blockage remediation skid 104. In
general, one illustrative embodiment of the bloekeemediation skid 104 includes a process
vessel 122, a baffle plate 124 positioned withmphocess vessel 122 and a plurality of
pumps 126, 128. The blockage remediation skidal®d includes various process control
instruments and devices for controlling, directamgl regulating the flow of various fluids
and gases to, from and within the blockage remiediakid 104. More specifically, such
process control instruments and devices may inabuegeor more pressure sensors 130,
valves 132, three-way valves 134, check valvesatigbchokes 138 that are positioned as
depicted in the various flow lines that are parthas illustrative embodiment of the blockage
remediation skid 104. The size of the processrobimstruments and devices may vary
depending upon the particular application. Of ceuogher possible fluid flow path
configurations are possible so as to achieve tegatkbpurposes stated herein. Although
optional, if desired, a line may be included withie blockage remediation skid 104 such
that chemicals 116X (if available) may be supptethe production fluid 115 after it enters
the blockage remediation skid 104 via the skid pobidn fluid inlet 110A. Such chemicals
may also be supplied to the lines containing thiel fL50 entering the pumps 126, 128 so as
to lessen the likelihood of hydrate formation ingh lines when the pumps 126, 128 are

operational.

In general, the blockage remediation skid 104 ia size and weight such that it may
be operatively coupled to the ROV 102. All of temponents of the blockage remediation
skid 104 may be mounted on a framework of struttomponents (not shown) and it may
be covered with an outer shell or housing, e.ginkdss steel. In one example, the
blockage remediation skid 104 may be in the forma bbx-like structure having a length of
about 4.3 meters (aboutl14 feet), an overall widthbout 2.4 meters (about 8 feet) and an
overall height of about 0.6 meters (about 2 fe€t).course, these dimensions may change
depending upon the particular application and ibe @&nd capabilities of the ROV 102. The
blockage remediation skid 104 will also includeld&st to increase its buoyancy in water and
thereby decreases its effective weight when paostian the water. The blockage
remediation skid 104 also includes standardizeaections (not shown) that permit
structures to be operatively coupled to an ROVe Blockage remediation skid 104 is
operatively coupled to the ROV 102 so that, amahgrothings, electrical power and control
signals may be supplied to the blockage remediatkaoh 104 via the ROV 102 and various

control signals from the instruments in the bloekagmediation skid 104 may be observed
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and acted upon by operators of the ROV 112 ondissat 10 during blockage remediation
operations. As will be appreciated by those sfillethe art after a complete reading of the
present application, once assembled, the blockagediation skid 104 may be shipped
anywhere in the world and coupled to an ROV thay beseparately sent to the job location.

Figure 7 simplistically depicts a plan view of aliestrative embodiment of a baffle
plate 124 that is positioned within the processgk$22. With reference to Figure 6, the
baffle plate 124 essentially divides the processekl22 into an upper chamber 122U and a
lower chamber 122L. As shown in Figure 7, the lbgffate 124 comprises a plurality of
openings 124A positioned adjacent one end 124@Geobaffle plate 124 while the other end
124D of the baffle plate is free of such openinB4A. The number, size, configuration and
positioning of the openings 124A, as well as treaaf the baffle plate 124 covered by the
openings 124A, may vary depending upon the padrapplication. In the depicted
example, the openings 124A are holes 124B thadrdted through the baffle plate 124. In
one example, the holes may have a diameter orrtiee of about 3.2 - 6.4 mm (about 0.125
to 0.25 inch). In general, and as described mdtg lbelow, the baffle plate 124, with the
openings 124A therein, is provided so as to a rensowne of the entrained solid materials
(e.g., blockage 120 remnants and debris) from tbdyztion fluid 115 so as to provide a
relatively clean process fluid 150, e.g., a fluiceam that is free of a substantial portion of
the solid materials entrained in the productiomdfiill5 when it enters the vessel 122, to the
pumps 126, 128. This is accomplished by allowheggroduction fluid 115 (with the
entrained solids) to flow through the relativelyahopenings 124A in the baffle plate 124
and into the upper chamber 122U of the vessel I2hatends to remove a significant
amount of the entrained solids in the productiardfiLl15. Any solids removed by this
process fall into the lower chamber 122L of theseéand are re-entrained in the process

fluid 115 as it flows through the lower chamber W22

With continuing reference to Figure 6, the prooesssel 122 includes a vessel
production fluid inlet 122A whereby production fui15 (with entrained materials from the
blockage 120 as the blockage removal process fisrperd) is introduced into the lower
chamber 122L. The process vessel 122 also inclugessel production fluid outlet 122B
whereby production fluid 115 from the lower chamb22L flows out of the vessel 122. The
production fluid 115 leaving the vessel 122 includatrained materials from the blockage

120 (as the blockage removal process was perforasedell as additional entrained solids
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from the fluid cleaning process described abovthaproduction fluid 115 flows through the
openings 124A in the baffle plate 124. The prosessel 122 also includes a vessel clean
fluid outlet 122C whereby relatively solids-freeguction fluid 150 is supplied to the pumps
126, 128. The process vessel 122 may also indudssel lift-gas inlet 122D whereby lift-
gas may be supplied to the lower chamber 122 et/dssel 122.

As will be appreciated by those skilled in theadter a complete reading of the
present application the process vessel 122 isesgded or configured as a separator/sump
type vessel like the vessel 23 (see Figure 2)alsd in the background section of this
application. That is, the process vessel 122 anthe blockage remediation skid 104 does
not include a sump (like the sump 23B shown in Fed?). Additionally, the process vessel
122 is not sized nor configured so as to provid@aificant residence time for the process
fluid 115 to be present in the vessel 122 suchgbld material entrained in the process fluid
115 may settle-out by virtue of gravitational fasceRather, in the systems and devices
disclosed herein, the process fluid 115 (with enéd solids materials) is adapted to
essentially flow through the lower chamber 122Ithef process vessel 122 without removing
any of the solids entrained in the process fluifl.1As noted above, solids material will be
stripped from the portion of the production flui@i5lthat flows through the openings 124A in
the baffle plate 124 so as to produce the relatigldan production fluid 150 that is supplied
to the pumps 126, 128. In fact, in the systemslaigd herein, the additional solids materials
that are stripped from the process fluid 115 bybtifle plate 124 are re-entrained in (or added
to) the production fluid 115 as it flows througle tliewer chamber 122U of the vessel 122.
The vessel lift-gas inlet 122D may be providedrsd, tif desired, any particulate material that
is on the bottom of the lower chamber 122L may d@asionally or constantly “stirred” so
that any such materials may be re-entrained irggtbduction fluid 115 as it flows through
the lower chamber 122L of the process vessel T2 introduction of the pressurized lift-
gas 108X into the lower chamber 122L may also &sslipushing” the production fluid 115
out of the lower chamber 122L. Of course, the @g#$-gas inlet 122D need not be
provided in all applications. In cases where fingvided, it may be coupled to a distribution

grid (not) positioned within the lower chamber 12#lthe process vessel 122.

Figure 8 is a cross-sectional side view of onestliative embodiment of the process
vessel 122. As depicted, the process vessel I2priges a tubular body 140 (a pipe or a

forging), opposing end caps 142A-142B that are =mlifo the body 140 by a plurality of
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bolts 144, and simplistically depicted seal ring6.1 The baffle plate 124 is positioned
within slots 148 formed in each of the end caps dukh that the baffle plate 124 essentially
“floats” within the process vessel 122. A prodantfluid inlet pipe 123 is positioned (e.qg.,
welded) in the end cap 142A such that productiomfL15 is introduced into the lower
chamber 122L of the process vessel 122. Thepipet 123 has an outlet 123X that is
located within the lower chamber 122L and belowtib#le plate 124. The outlet 123X
extends axially past the end 124X of the pluraditppenings 124A in the baffle plate 124 by
a distance of at least about 76 — 127 mm (abouin8+tes). A production fluid outlet pipe
125 is positioned within the end cap 142B belowlia#le plate 124. The outlet pipe 125 is
adapted to receive production fluid 115 flowingnfréhe lower chamber 122L. A clean
production fluid outlet pipe 127 is positioned etend cap 142B and above the baffle plate
124. The clean production fluid outlet pipe 12&dspted to receive the relatively clean
production fluid 150 that is to be supplied to fhemps 126, 128, and it has an entrance 127X
that may be located a short distance from the batskof the end cap 142B. Also depicted is
a pressurized lift-gas inlet pipe 129 that is poséd in the body 140, so as to, if desired or
needed, introduce some quantity of pressurizegdift 108X into the lower chamber 122L.

In one illustrative example, the process vesseldgjficted in Figure 8 may be physically
very small relative to the physical size of theasepor/sump vessel 23 described in the
background section of this application. For examfile process vessel 122 may have an
outer diameter on the order of about 152 — 203 admt 6-8 inches) and an overall length
of about 1.8 — 2.4 meters (about 6-8 feet). Adddily, in one embodiment, the pipes 123,
125, 127 and 129 may have an inner diameter oftéZ®d mm (aboutl inch). Of course,
these illustrative dimensions may vary dependingnugpe particular application.

Figure 9 and 10 are views of another illustratimdediment of a process vessel 122
that may be included as part of one illustrativdbediment of a blockage remediation skid
104 disclosed herein. Relative to the embodimleotvs in Figure 8, in this embodiment, the
process vessel 122 includes first and second grelk&0A and 160B that are threadingly
coupled to the tubular body 140. In this emboditnarsemi-circular end plate 143 and a
generally circular cover 145 is fixed (e.g., weldexthe baffle plate 124. The circular cover
145 essentially covers the inlet 127X of the clpeyduction fluid outlet pipe 127. The
dimensions of the process vessel 122 depictedyur&s 9 and 10 may be about the same as

those indicated above for the process vessel 1@&rshn Figure 8.
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Returning to Figure 6, and as noted above, in llungrative embodiment, the
blockage remediation skid 104 may also compriseiliwstrative pumps 126, 128. Of
course, in some applications only a single pump beaycluded as part of the blockage
remediation skid 104. As depicted, the pumps 128,are adapted to receive the relatively
clean production fluid 150 and increase the presstithe entering production fluid 150 such
that a higher-pressure clean production fluid 1%¥troduced to the line 152. In one
illustrative embodiment, the pressure of the highessure clean production fluid 150X may
be about 3.5 - 4.1 MPA (about 500-600 psi) aboeeptiessure of the incoming clean
production fluid 150 that enters the pumps 126, 1PBe higher-pressure clean production
fluid 150X is introduced into the line 154 whictcetves production fluid 115 from the outlet
122B of the process vessel 122. One or both gbtimeps 126, 128 may be placed into
operation at any given time during remediation apens depending upon the changing
conditions that may be encountered in operatione purpose of the pumps 126, 128 is to
effectively reduce or drawn-down the pressure efgioduction fluid 115 in the flowline 16
so as tgpromote hydrate sublimation of the blockage 2GH@case of a hydrate plug) or
increase the differential pressure across the blgeR0 The magnitude of this reduction in
pressure may vary depending upon the particuldicabion and process conditions. As
depicted in Figure 6, if desired, a line may bduded within the blockage remediation skid
104 such that chemicals 116X (if available) matyeplied to the lines containing the fluid
150 entering the pumps 126, 128 so as to lessdikétibood of hydrate formation in those

lines when the pumps 126, 128 are operational.

In general, the pumps 126, 128 may be of any distrecture and they may have
any desired pumping capacity. In one examplepthmeps 126, 128 may be duplex pumps.
The pumps 126, 128 need not have the same pumapaipidities. For example, in one
illustrative embodiment, the pump 126 may be nathige, small stroke, duplex pump
capable of pumping fluids at relatively large floates (e.g., on the order of about 1¥haur
(about 50 gal/min)). On the other hand, the pu2® rhay bea single-stage, large stroke,
low flow duplex pump capable of pumping fluids at relatiiely flow rates(about 0.9 4.1
m/hour (abou#-5 gallons/minute). It should be noted that, ewéien one or more of the
pumps 126, 128 are included as part oftttoekage remediation skid 104, the pumps may
not need to be used in all applications. Thasispme applications, the introduction of the
pressurized lift-gas 108X alone into the producfiaid 115 may be sufficient to reduce the

pressure on, for example, the upstream side 2@Aeoblockage 20 to a sufficiently low level
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such that the blockage 2bblimates (in the case of a hydrate blockagsyoh that there is
sufficient differential pressure across the blo&ka@ so that the blockage it may be
dislodged from the line 16. In view of the foreggi it will be appreciated by those skilled in
that art after a complete reading of the preseplicgiion, thaton-board pumps may not be
need to be included dheblockage remediation skid 104 in all applicatiohms this later
situation, if the pumps 126, 128 are not includegart of the blockage remediation skid

104, then at least the baffle plate 124 may betethds well.

The systems and methods disclosed herein generadiive the use of the use of gas-
lift and/or suction principles to remove the blogk&20. More specifically, in one
embodiment, the density of the fluid 115X in theuras downline 106 is reduced by injecting
the non-volatile pressurized lift-gas 108X into te&urn line 106 that is coupled to the ROV
102, using either of the system configurations ckepliin Figure 3 or 4. This effectively
reduces the hydrostatic head acting on one sitleedflockage 20 (e.g., on the upstream side
20A of the blockage 120when the blockage remediaiod 104 is operatively coupled so as
to have access to the upstream side 20A of th&ddec20) which, as noted above, can lead
to sublimation of a hydrate blockage and/or crgaéinough differential pressure across the
blockage 20 such that it may be dislodged fronfltheline 16. The instrumentation and
flow control devices on the blockage remediatioid 204 permits the optimization of
various flow rates of fluids and the pressure ddawn at the blockage remediation skid 104
as conditions change as the blockage remediatmseps operation progresses. By
monitoring the output of the instrumentation (etlye pressure gauge readings) on board the
blockage remediation skid 104, the operator ofRB/ 102 can remotely change the amount
of pressurized lift-gas 108X injected and/or whattihe pumps 126, 128 to employ during
various stages of the operation. In one particekample, by injecting pressurized lift-gas
108X at a relatively high flow rate (e.g. aboutB6r/min (about 2000 ffmin) or greater)
into the returns downline 106, the returns downlifé may be essentially emptied of the
liquid process fluid in the line 106. As a resolt)y the pressure head due to the pressurized
lift-gas 108X is present between the surface 11thadlockage remediation skid 104.
Depending upon the depth of the water and the pressside the flowline 16, the resulting
pressure differential may be sufficient to initigtection on one side of the blockage 20 such
that the blockage 20 is sublimated (e.g., a hydrktekage) and/or mechanically dislodged

from the flowline 16 as production fluid 115 flodrem the blocked flowline/equipment, into
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the blockage remediation skid 104 and into thernstline 106 to the vessel 10. That is, in
this example, the pumps 126, 128 may not be ndedetklt” or dislodge the blockage 20.

As will be appreciated by those skilled in theadter a complete reading of the
present application, the novel systems 100 andblpe remediation skid 104 disclosed
herein provide the operator of the system with gfleaibility and several options as to how
to remove blockage 20 from subsea flowlines andpegent. That is, by adjusting the
various valves and flow conditions on board orrioxmity to the blockage remediation skid
104, the desired fluid and pressure conditions beagreated either upstream or downstream
of the blockage 20 by operatively coupling varipuscess lines at various desired locations.
As discussed above, the pressurized lift-gas 108} Ioe used to reduce the pressure on the
upstream side 20A of the blockage 20. In anotkample, the line 110 could, in alternating
fashion, be coupled to access points on the upstsgde 20A and the downstream side 20B
of the blockage 20 so as to effectively try to ‘fpymull” on the blockage 20 to dislodge the
blockage 20, or to initiate a depressurization othlsides of the blockage 20, in order to
accelerate its dissolution and therefore reducedimnediation time and corresponding cost.
Similarly, by adjusting the appropriate valves witthe blockage remediation skid 104, the
higher pressure fluid 150X may be routed to the lid0 so as to inject relatively higher
pressure fluid on the upstream side 20A and/odtvenstream side 20B of the blockage 20
So as to try to dislodge the blockage 20. Additiignalockage inhibitors (e.g. hydrates or
other blockages inhibitors obtained from the bekid 114 on the second ROV 112 or
elsewhere) may be routed to the line 110, the prioatufluid 115 as it enters the skid 104
and/or to the fluid 150 supplied to the suctioresidl the pumps 126, 128 so as to prevent the
formation of new blockages until normal productaperations can be re-established.

After a complete reading of the present applicatihrose skilled in the art will
appreciate several unigue and functional aspeoteag<f which are discussed below in no
particular order of importance) of the various Hosestems, methods and devices disclosed
herein that are useful in removing blockages, dwgdrate plugs, debris plugs, etc., from

subsea flowlines and subsea equipment.

Relative to the prior art technique discussed ia background section of this
application, the systems 100 disclosed herein shtei the need for positioning the flowline

remediation skid 22 and the chemical storage ta@n&r8the sea floor 13, thereby eliminating
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the problem of finding space on the sea floor 183siach equipment. Moreover, in older
fields, there may be pre-existing lines and/or pount but the precise location of this
infrastructure may be difficult to locate since tlmes and/or equipment may have been
effectively buried in the mud at the sea floor 1@rmthe years. If an extensive site survey of
the sea floor is not performed, placement of thergart remediation equipment on the sea
floor 13 runs the risk of damaging the pre-existimgs and equipment. Additionally, by
eliminating the need for positioning the prior #otvline remediation skid 22 on the sea floor
13, the issues associated with fabricating, defivieistallation and retrieval of such large and
heavy equipment is eliminated. As noted above,ulsh@hemicals be needed during
blockage remediation process operations perfornsedyuhe systems described herein, such
chemicals may be provided by the second ROV 11R wibelly skid 114 that contains the
required chemicals. However, in other embodimentemicals need in the blockage
remediation process may be available on other subgaipment already positioned on the
sea floor, e.g., the tree 12. Additionally, sitiee production fluid 115X is sent to the vessel
10 (via returns line 106) and not stored at the f®ar 13, the capacity to handle the
production fluid 115X on board the vessel 10 shoutd be a major issue. If additional
volume capacity is needed, additional supply veseaih transfer lines can be positioned
alongside the vessel 10 to offload partially trdgpeoduction fluid 115X, solids/debris from

the blockage removal process and provide morgédifisupplies to the vessel 10.

It should also be noted that, to the extent theeleR0 is driven off location or out-of-
position during operations, there is only one ermecy disconnect and shut-off point 110X
or 16X (see Figures 3 and 4) that needs to be sskele All of the other equipment is
suspended from the vessel 10 and will move or avith the vessel 10 as the vessel 10
moves off location. In general, relative to theopart technique disclosed in the background
section of this application, the systems discldse@in simplify equipment configurations at
the sea floor 13, eliminates the sump/separat@el&3 (see Figure 2) positioned at the sea
floor 13 (which greatly increases water depth cdpes and reduces lifting requirements
for the vessel 10) and provides great flexibilityterms of volumes of gas or fluids that can
be handled without any additional deployment origeal operation. Importantly, all of the
equipment used in the systems disclosed hereinsgefided in the water and moved via
ROV propulsion, and the power and control requinemer the system utilize the
power/control systems that are resident on the R@Yform, i.e., no additional or external

power/control platform is needed. Additionallyetipresent systems 100 should involve
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much less capital investment and much less maintenexpenditures relative to the prior art
systems shown in Figures 1 and 2, and would likelgble shorter operational times due to
the minimal set of equipment to be deployed andenatd. Other advantages and benefits
of the systems disclosed herein will be apprecibtethose skilled in the art after a complete

reading of the present application.

The particular embodiments disclosed above arstilitive only, as the invention
may be modified and practiced in different but @glent manners apparent to those skilled
in the art having the benefit of the teachings imer&or example, the process steps set forth
above may be performed in a different order. Farrttore, no limitations are intended to the
details of construction or design herein showneothan as described in the claims below. It
is therefore evident that the particular embodirmel$closed above may be altered or modi-
fied and all such variations are considered withimscope and spirit of the invention. Note
that the use of terms, such as “first,” “secondfiirtl” or “fourth” to describe various
processes or structures in this specification andhe attached claims is only used as a
shorthand reference to such steps/structures amed dot necessarily imply that such
steps/structures are performed/formed in that edleequence. Of course, depending upon
the exact claim language, an ordered sequencechbfocesses may or may not be required.

Accordingly, the protection sought herein is asfggh in the claims below.
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CLAIMS

1. A system (100) for removing a blockage (20) fromsudbsea flowline or subsea

equipment, the system (100) comprising:

an ROV (102) deployed into a body of water fronudace vessel (10), the ROV (102)
having a blockage remediation skid (104) operagiwelupled to the ROV (102),
the blockage remediation skid (104) comprisingeast a skid fluid inlet (110A)
and a skid fluid outlet (106A);

a returns downline (106) extending into the bodyvater from the surface vessel (10),
the returns downline (106) being operatively codpte the skid fluid outlet
(106A);

a pressurized lift-gas supply downline (108) extegdnto the body of water from the
surface vessel (10), the pressurized lift-gas sugpivnline (108) being:

operatively and directly coupled to the blockagmediation skid (104)
and adapted to supply pressurized lift-gas (108¥mf the
pressurized lift-gas supply downline (108) diredtiythe blockage
remediation skid (104); or

operatively and directly coupled to the returns dibme (106) and adapted
to supply pressurized lift-gas (108X) from the prewzed lift-gas
supply downline (108) directly to the returns dowval(106); and

a remediation flow line (110) that is operativebupled to the skid fluid inlet (110A) and

to a subsea flowline (16) or an item of subseapgant (12, 15, 17).
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2. The system of claim 1, wherein the blockage rentrxstiaskid (104) further
comprises a skid pressurized lift-gas inlet (10&AQ wherein the pressurized lift-gas supply
downline (108) is operatively and directly couptedhe blockage remediation skid (104) via the

skid pressurized lift-gas inlet (108A).

3. The system of claim 1, wherein the system (100)h&rr comprises aaccess
point (107) on the returns downline (106) and where ghessurized lift-gas supply downline

(108) is operatively and directly coupled to theires downline (106) via th&ccess pointl07).

4. The system of claim 1, wherein the system (10Gh&rrcomprises a second ROV
(112) deployed into the body of water from the scef vessel (10) wherein the second ROV
(112) is adapted to at least to operatively coupke returns downline (106) to the skid fluid
outlet (106A) and to operatively couple the skigidlinlet (110A) to the flowline (16) or to the

item of subsea equipment (12, 15, 17).

5. The system of claim 1, wherein the system (10Gh&rrcomprises:

a second ROV (112) deployed into the body of wdtem the surface vessel (10)
wherein the second ROV (112) comprises a chemigaplyg skid (114) that is
operatively coupled to the second ROV (112); and

a skid chemical fluid inlet (118A) on the blockagemediation skid (104) whereby at
least one chemical from the chemical supply skiddjlon the second ROV (112)
is adapted to be introduced into the blockage remtied skid (104) via the skid

chemical fluid inlet (118A).
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6. The system of claim 5, wherein the second ROV (143dapted to couple the
pressurized lift-gas supply downline (108) to oeh® blockage remediation skid (104) or to

the returns downline (106).

7. The system of claim 1, wherein the system (100th&rcomprises at least one
pump (126, 128) that is positioned on the blockamyrediation skid (104) wherein the at least
one pump (126, 128) is adapted to receive at Beastrtion of a production fluid (115) supplied
to the blockage remediation skid (104) via the dkidl inlet (110A) and increase the pressure

thereof when the at least one pump (126, 128) aparation.

8. The system of claim 1, wherein the system (10Gh&rrcomprises:

a process vessel (122) positioned within the blgek@mediation skid (104);

a baffle plate (124) positioned within the vessE22) so as to define at least a lower
chamber (122L) and an upper chamber (122U) withénvessel (122), the baffle
plate (124) comprising a plurality of openings (A%4and

at least one pump (126, 128) that is adapted teivegroduction fluid (150) from the
upper chamber (122U) that has passed through theirggs (124A) in the baffle
plate (124) and increase the pressure of the ptodufiuid (150) when the at

least one pump (126, 128) is operational.

9. The system of claim 1, wherein the system (10Gh&rrcomprises:
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a process vessel (122) positioned within the blgekamediation skid (104) and wherein
the system is adapted to:
receive a production fluid (115) from the subseawfine (16) or subsea
equipment (12, 15, 17) into the vessel (122); and
introduce the production fluid (115) from the prass vessel (122) into the

returns downline (106) via the skid fluid outleOGA).

10. The system of claim 1, wherein the system (10Gh&rrcomprises:
a process vessel (122) positioned within the blgekamediation skid (104), the vessel
(122) comprising a vessel production fluid inlet22B) that is in fluid
communication with the skid fluid inlet (110A) arad vessel production fluid
outlet (122B) that is in fluid communication withet skid process fluid outlet
(106A), wherein the system is adapted to:
allow introduction of the production fluid (115)tonthe process vessel (122) via a
flow path that includes the skid fluid inlet (110A9nd the vessel
production fluid inlet (122A); and

allow introduction of the production fluid (115)pfn the process vessel (122) into
the returns downline (106) via a flow path thatludes the vessel

production fluid outlet (122B) and the skid fluidttet (106A).

11. The system of claim 7, wherein the system (10Gh&rrcomprises:
a process vessel (122) positioned within the blgekemediation skid (104), the vessel

(122) comprising a lift-gas inlet (122D) whereirethystem is adapted to supply
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pressurized lift-gas (108X) from the pressurizéiddas supply downline (108) to

the vessel (122) via the lift-gas inlet (122D).

12. The system of claim 7, wherein the at least onepybh26, 128) is a duplex

pump

13.  The system of claim 1, further comprising:

a first valve (132-1);

asecond valve (132-2); and

a third valve (132-3), wherein the firgt32-1) second (132-2) and third (132-3) valves
are configurable so as to define at least theviofig fluid flow paths:

a first flow path established by opening the f{ds32-1)and second (132-2)
valves and closing the third (132-3) valve, wherplBssurized lift-gas
(108X) may flow down the pressurized lift-gagoply downling108) and
into the remediation flow line (110) while the rets downline (106) is
closed,;

a second flow path established by opening the (fl&2-1)valve and the third
(132-3) valve, whereby a production fluid (115)nfroheflowline (16) or
the item of subsea equipment (12, 15 i$7#eceived into the remediation
flow line (110) may flow into the returns downli(®06) while the
pressurized lift-gasupply downline 108) is closed; and

a third flow path that is established by openirgggbcond (132-2) and the third

(132-3) valves and closing the first vald82-1) whereby pressurized
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lift-gas 108X may flow down the pressurized liftsgaupply downline
(108) and into the returns downline (106) while tenediation flow line

(110) is closed.

14.  The system of claim 13, whereiine first(132-1) second (132-2) and third (132-

3) valves are each individual valves.

15.  The system of claim 13, wherein the fi($82-1) second (132-2) and third (132-

3) valves are part of a multiple-way valve (133).

16. The system of claim 13, wheregach of the firs{132-1) second (132-2) and

third (132-3) valves are positioned within thleckage remediation skid (104).

17. A blockage remediation skid (104) that is adaptelie operatively coupled to an
ROV (102), the skid (104) comprising:

a skid fluid inlet (110A);

a remediation flow line (110) that is adapted tglaeed in fluid communication with the
skid fluid inlet (110A);

a skid fluid outlet (106A) that is adapted to bagad in fluid communication with a
returns downline (106) from a surface vessel (10);

a skid pressurized lift-gas inlet (108A) that isapttd to be placed in fluid
communication with a pressurized lift-gas supplydbne (108) from the surface

vessel (10) and to receive pressurized lift-ga8X)@rom the surface vessel (10)
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via the pressurized lift-gas supply downline (108herein the skid fluid outlet
(106A) is adapted to return the pressurized li§-gB08X) to the surface vessel
(10) via the returns downline (106); and

a process vessel (122) that is adapted to recepreduction fluid (115) from a subsea
flowline (16) or an item of subsea equipment (12, 117) via the remediation flow
line (110), wherein the skid fluid outlet (106A) fisrther adapted to return the
production fluid (115) received by the process ge§$22) to the surface vessel

(10) via the returns downline (106).

18. The blockage remediation skid (104) of claim 17.evein the process vessel
(122) further comprises:

a vessel production fluid inlet (122A) that is Inifl communication with the skid fluid
inlet (110A) wherein the production fluid (115)aslapted to be introduced into
the process vessel (122) via a flow path that ohetuthe skid fluid inlet (110A)
and the vessel production fluid inlet (122A); and

a vessel production fluid outlet (122B) that isflnid communication with the skid
process fluid outlet (106A), wherein the productfand (115) from the process
vessel (122) is adapted to be introduced into¢hwms downline (106) via a flow

path that includes the vessel production fluid etu{tl22B) and the skid fluid

outlet (106A).

19. The blockage remediation skid (104) of claim 17tHfar comprising a skid

chemical fluid inlet (118A) that is adapted to rgeeat least one chemical from a chemical
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supply source (114) and introduce the at leastcbeenical to at least one process line positioned

within the blockage remediation skid 104.

20. The blockage remediation skid (104) of claim 17tHer comprising a baffle
plate (124) positioned within the vessel (122) sdoadefine at least a lower chamber (122L) and
an upper chamber (122U) within the vessel (122) bffle plate (124) comprising a plurality of

openings (124A).

21.  The blockage remediation skid (104) of claim 20evein the vessel (122) further
comprises a vessel production fluid outlet (122i@3t tis adapted to receive production fluid

(150) that has passed through the openings (124 baffle plate (124).

22.  The blockage remediation skid (104) of claim 20 wehethe process vessel (122)
further comprises:

a vessel production fluid inlet (122A) that is atipto allow the production fluid (115)
to only be introduced into the lower chamber (128t}he process vessel (122)
below the baffle plate (124);

a vessel production fluid outlet (122B) that is ted to remove the production fluid
(115) only from the lower chamber (122L) of the g@ss vessel (122) below the
baffle plate (124); and

a production fluid outlet (122C) that has an in(&27X) that is positioned within the
upper chamber 122U and adapted to receive onlyugtmoh fluid (150) that has

passed through the openings (124A) in the baffiéep|124).
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23. The blockage remediation skid (104) of claim 21,evdin the blockage
remediation skid further comprises at least one p(b26, 128) that is adapted to receive the
production fluid (150) and increase the pressueecthf when the at least one pump (126, 128) is

in operation.

24. The blockage remediation skid (104) of claim 17,evdin the blockage
remediation skid (104) further comprises at least pump (126, 128) that is adapted to increase
a pressure of a production fluid (150) receivednirthe vessel (122) so as to produce a
production fluid (150X) having an increased pressuvherein the production fluid (150X) is

introduced into the returns downline 106 via thiel $kiid outlet (106A).

25. The blockage remediation skid (104) of claim 17,evdin the blockage
remediation skid (104) further comprises first aetond pumps (126, 128) each of which are
adapted to increase a pressure of a productiosh fLi0) received from the vessel (122) so as to
produce a production fluid (150X) having an incesh@ressure, wherein the production fluid

(150X) is introduced into the returns downline (LO& the skid fluid outlet (106A).

26. The blockage remediation skid (104) of claim 25ewdin each of the first and

second pumps (126, 128) is a duplex pump
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27.  The blockage remediation skid (104) of claim 17¢evein the vessel (122) further
comprises a lift-gas inlet (122D) that is adaptedeiceive pressurized lift-gas (108X) from the

pressurized lift-gas supply downline (108).

28.  The blockage remediation skid (104) of claim 17tHer comprising:

a first valve (132-1);

asecond valve (132-2); and

a third valve (132-3), wherein the firgt32-1) second (132-2) and third (132-3) valves
are configurable so as to define at least theviofig fluid flow paths;

a first flow path established by opening the f{ds32-1)and second (132-2)
valves and closing the third (132-3) valve, wherplsssurized lift-gas
(108X) may flow down the pressurized lift-gagoply downling108) and
into the remediation flow line (110) while the rets downline (106) is
closed,;

a second flow path established by opening the (fl&2-1)valve and the third
(132-3) valve, whereby the production fluid (1153yrilow into the
returns downline (106) while the pressurized ldisgupply downline
(108) is closed; and

a third flow path that is established by openirggsbcond (132-2) and the third
(132-3) valves and closing the first valide32-1) whereby pressurized
lift-gas (108X) may flow down the pressurized bf&ssupply downline
(108) and into the returns downline (106) while thmediation flow line

(110) is closed.
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29. The blockage remediation skid (104) of claim 28,evdin the first (132-1)

second (132-2) and third (132-3) valves are eadivitlual valves.

30. The blockage remediation skid (104) of claim,28herein the first(132-1)

second (132-2) and third (132-3) valves are pa# wiultiple-way valve (133).

31. The blockage remediation skid (104) of claim 28eveineach of the firs{132-
1), second (132-2) and third (132-3) valves are msd within theblockage remediation skid

(104).



