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DC POWERED SUBSEA INVERTER

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application
No. 61/1 64,304, entitled "DC Powered Subsea Inverter", filed on March 27, 2009,

which is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates generally to subsea production systems.
More particularly, the present invention relates to a variable frequency drive

configuration that may be utilized in a subsea production system.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0004] Natural resources, such as oil and gas, are a common source of fuel
for a variety of applications, such as to heat homes, to power vehicles, and to
generate electrical power, to name just a few. Once a desired resource is
discovered below the surface of the earth, drilling and production systems are
typically employed to access, extract, and otherwise harvest the desired resource.
These systems may be located onshore or offshore depending on the location of
the desired resource. When a resource is located offshore (e.g., below a body of
water), a subsea production system may be utilized to extract the resource.

Such subsea production systems may include components located on a surface

vessel, such as a rig or platform, as well as components located remotely from
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Typically. 2 wariablf egeey siie REYAGAYednSoBuNGlD Wi e AC power supply to

provide for operatio s atvari peeds. For example, variable frequency drive may
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pumps and compressors to be star ed at lower frequencies and then gradually ramped up to a desired
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variable speeds. For example, variable frequency drive may include an inverter
that provides AC power to the subsea load at controllable frequencies, thus
providing for adjustable control of the subsea load. As can be appreciated, this
may allow for subsea pumps and compressors to be started at lower frequencies

and then gradually ramped up to a desired operating speed.

[0006] In conventional subsea production systems, the variable frequency
drive is typically located either on the surface vessel (in the general proximity of
the surface AC power supply) or subsea (in the general proximity of the subsea
load). For instance, when a subsea load is located relatively close to a surface
vessel (e.g., approximately 15 kilometers or less), the variable frequency drive
may be located on the surface vessel, generally in close proximity to an AC
power supply. In operation, the AC power output provided by the surface
variable frequency drive is transmitted to a subsea load using one or more power
conductors enclosed within an umbilical. By way of example, where three-phase

AC power is being transmitted from the surface variable frequency drive to the
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vessel may be transmitted using the above-mentioned umbilical to the subsea

variable frequency drive to provide power for driving the subsea load at variable

speeds.

[0008] Unfortunately, the transmission of AC power, particularly over long
step-out distances, is not always efficient. In an effort to increase the efficiency
of AC power transmission, one technique that has been utilized is to raise the AC
voltage being transmitted via an AC power conductor using subsea and/or
surface transformer components. However, such components are generally
costly and may add to the overall costs of resource extraction. Another
technique that has been utilized for improving AC power transmission efficiency
is to transmit lower frequency AC power. However, even using such measures,
the transmission of AC power at a relatively low frequency of 15Hz may still
result in a decrease of over 20% efficiency at a step-out distance of
approximately 200 kilometers. Additionally, the relatively high cost of providing
an umbilical having sufficient core size to transmit AC power (particularly multi-
phase AC power) over long distances is often burdensome and adds to the
overall cost of resource extraction. Further, the transmission of AC power over
long distances may additionally result in potentially undesirable harmonics and
reflective waveforms being generated near sensitive subsea electronic

equipment. Still further, in applications where a variable frequency drive is
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better understood when the following detailed description is read with reference to the accompanying
figures in wiRBN§iGs FR3RASpresent like parts throughout the figures, wherein: [001 1]FIG. 1 is a
simplified block diagram of a subsea production system, in

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:

[001 1] FIG. 1is a simplified block diagram of a subsea production system, in

accordance with an embodiment of the present invention;

[0012] FIG. 2 is a simplified block diagram of a variable frequency drive that

may be implemented in the subsea production system of FIG. 1;

[0013] FIG. 3 is a schematic diagram of a circuit for driving an AC powered

subsea load, in accordance with an embodiment of the present invention;

[0014] FIGS. 4A-4C depict simplified schematic diagrams of circuits for driving
one or more AC powered subsea loads, in accordance with further embodiments

of the present invention;

[0015] FIG. 5 is a cut-away view of an umbilical cable for transmitting three

phase AC power;

[0016] FIGS. 6A-6D are cut-away views of an umbilical cable configured to
transmit DC power to a subsea inverter, in accordance with several embodiments

of the present invention; and



accordance with an embodiment of the present invention; [0012]FIG. 2 is a simplified block diagram of
a variable frequency drive that may be implemented in the subsea production system of FIG. 1;
[0013]FIG. 3V 20&phti#tic diagram of a circuit for driving an AC powered 84d468238824a34ccordance
with an embodiment of the present invention; [0014]FIGS. 4A-4C depict simplified schematic diagrams
of circuits for driving one or more AC powered subsa loads, in accordanceWwithyurgssP@mbodiments
of the present invention; [0015]FIG. 5 is a cut-away view of an umbilical cable for transmitting three
phase AC power; [0016]FIGS. 6A-6D are cut-away views of an umbilical cable configured to transmit
DC power tq@0 $tpsecrideftar aigrapbocdanmeeingtithecotficit oy bofdianesitétinigha @reseet invention; and

and the efficiency of transmitting DC power at a comparable voltage over various

steo-out distances.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0018] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers' specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit

of this disclosure.

[0019] When introducing elements of various embodiments of the present
invention, the articles "a," "an," "the," "said," and the like, are intended to mean
that there are one or more of the elements. The terms "comprising," "including,"
"having," and the like are intended to be inclusive and mean that there may be
additional elements other than the listed elements. The use of "top," "bottom,"
"above," "below," and variations of these terms is made for convenience, but

does not require any particular orientation of the components.

[0020] Certain exemplary embodiments of the present invention include
systems and methods for driving AC powered subsea loads, such as a pump,
motor, compressor, or some combination thereof. In particular, certain
embodiments provide for a "split" variable frequency drive which may include a

rectifier and DC filtering component located at a surface vessel of an offshore



WO 2010/110952PCT/US2010/024337 50TD-031 353PCT [0017]FIG. 7 is a graph comparing the
efficiency of transmitting AC power and the efficiency of transmitting DC power at a comparable
voltage oveRAAMYS R -out distances. DETAILED DESCRIPTION OF SPROWIRZEVMBEHIMENTS
[0018]One or more specific embodiments of the present invention will be described below. These
described embodiments are only exemplary of the gresent invention. Addit@naity3 rsasretiprt to
provide a concise description of these exemplary embodiments, all features of an actual
implementation may not be described in the specification. it should be appreciated that in the
developmentufsaaymsadhctiotu alystgrte arehtati 01vesie N crayeeing medein (po B desisgaplmjettbnnumerous

implementation-srpecific % isions must be mff1de to achieve.the devﬂ? ers’ sgecific goals, such as
. e.ﬂ ea{ an oywereg subsea oa?. Ia 086!’% 10N, an ower ourcTe
compliance with system-related and business-rélated constrairits, which may vary from one

implementaliotatedanother st wé ihit shibat e atstiriasysienatsspolies deValoprTeta tbffort might be
complex angdJume CORFUMING s BUEWRMIAN R RBEIRRRP S IR WAGTIRKING i gesian, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure. [0019]When

introducing élteieshby dhe e ddermdb@ititaredoPhopresanthenetiainsmitiedaftriedney,” "an," "the,"
"said,” and thefite. atedniended dopaeaminatdhelaiie ons BrmBlRPfifie slermsniswilhis terms

"comprising,” "including," "having," and the like are intended to be inclusive and mean that there may
be additiona? SkiReAtBRENEAPIPe SR & WEpReineigiccaarssie ibs, ranstulied "Bbove," "below,”

and variatiops\pétheik 1RteA G poade, fah RANKENIGN CRiliked BaesRNHig eRYIERIRIBA RBsdcuUlar orientation
of the components. [0020]Certain exemplary embodiments of the present invention include

certain embodiments, the subsea inverter may be coupled to a cathode defining

a seawater current return path to an anode coupled to the surface components of

the split variable frequency drive.

[0021] Referring initially to FIG. 1, an exemplary subsea production system is
illustrated in accordance with an embodiment of the present invention and
generally referred to by reference number 10. The subsea production system 10
may be a mineral extraction system located at an offshore location and may
include a surface vessel 12, which may be a rig or platform generally located at
the surface 14 of the offshore location. The subsea production system 10 may
include a number of subterranean formation or wells disposed below the earth at
the offshore location. It should be appreciated, that in the context of subsea
extraction of resources, such wells may be located at a depth or distance,

commonly referred to as a "step-out distance," from the surface vessel 12.

[0022] Each well may include a wellhead (not shown), each of which may be
controlled by a respective Christmas tree 16. The trees 16 generally control the
production of a resource, such as a hydrocarbon resource (e.g., oil, gas, etc.)
from a well. In the depicted embodiment, the trees 16 may be controlled by a
controller 18, which may receive control signals from the surface vessel 12 by
way of a control line 20. For example, the controller 18 may be operated
remotely by an operator on the surface vessel 12. The control signals, once
received by the controller 18, may be communicated to the trees 16 in the form of

control actions 22.
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extraction of resources, such wells may be located at a depth or distance, commonly referred to as a
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operated remotely by an operator on the surface vesse The control signals, once
frequency drive may include a rectifier 38 and a DC filter 40. The rectifier 38 may

receive AC power from an AC power source 34, also located on the surface
vessel 12. For example, the AC power source 34 may function as a primary
power source for the surface vessel 12. In operation, the rectifier 38 converts the
received AC power into DC power. Additionally, by way of example, the rectifier
38 may include one or more diodes, insulated gate bipolar transistors (IGBTs), or
thyristors (also referred to as silicon controlled rectifiers (SCRs)), or other
suitable types of transistors. The DC power output from the rectifier 38 is then
filtered using the DC filter 40. This may function to smooth the DC power prior to
transmission of the DC power, thus providing for a cleaner AC power output

waveform to a subsea load 28.

[0025] The subsea component of the "split" variable frequency drive includes
an inverter 44. That is, the inverter component 44 of the depicted variable
frequency drive is located remotely from the surface components 36 (rectifier 38
and DC filter 40). The filtered DC power may be transmitted from the surface
components 36 to the subsea inverter 44 by way of a DC conductor disposed
within an umbilical cable 42. The subsea inverter 44, upon receiving the DC

power transmitted via the umbilical 42, converts the transmitted DC power back



received by the controller 18, may be communicated to the trees 16 in the form of control actions 22.
WO 2010/110952PCT/US2010/024337 70TD-031 353PCT [0023]Each of the trees 16 may include
production SVE¥9218452 provide a path by which production fluids extractdFdipeal We#+aay flow to a
common manifold 26. An AC-powered subsea pump 28 may be utilized to facilitate the flow of
production fluids received at the manifold 26 to the urface vessel 12 For igstBag® g58rcaresently
illustrated embodiment, the subsea pump 28 may receive production fluids from the manifold 26 by
way of the piping element 30, and further pump the received fluids to the surface vessel 12 by way of
various casiimgoafa/powsingvinhctaeysh el egiadetd deive hiyetlsaveéarguospnesnbier @3ac{idd24)m

accordance W'theaaspectﬁ of me ) %eent te%ﬂé%ugxt e sc%tﬁ%% &u;@p& 8 V%%yo & orﬂerlated using a

re
. . u inverie a (0] r
"split” variablé requency drive That includes componentslocated on surface ?surface

componentss@Bpladesivab tomh oheessltoca®ed sabysesuPhbesuttaite colvgrenentsB8&fsthe variable
frequency dHXﬁn‘@ﬁ‘éﬁ|@P'%“éé‘i£eﬁ%§'%§ﬁaﬁ‘&Q [3e WBs49-p r%t'ﬁa%ﬁ,%w?}or %%"‘%AC power
from an AC power source 34, also located on the surface vessel'12. For example, the AC power
source 34 nfgnfighitibthasTegrnayysirsr\siiaae sothReinatricat pevss supniicdprydhien, the rectifier
38 convertsithrkgsaiyed AC power into DC power. Additionally, by way of example, the rectifier 38
may include one or more diodes, insulated gate bipolar transistors (IGBTS), or thyristors (also referred
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transmitted via the umbilical 42, converts the transmitted DC power bac

include the rectifier 38 and the DC filter 40. The rectifier 38 may receive AC

power from an AC power source 34 also located on the surface vessel 12. In the

illustrated embodiment, AC power 52 supplied by the AC power source 34 may

be three-phase AC power. In additional embodiments, however, the AC power

source 34 may supply single-phase AC power.

[0027] The rectifier 38 converts the AC power 52 supplied by the AC power
source 34 into DC power, as indicated by the reference number 54. As will be
appreciated, the rectifier 38 may include one or a number of diodes, IGBTs, or
thyristors, suitably arranged for converting AC power into DC power. By way of
example, in one embodiment, the rectifier 38 may include six diodes arranged in
an electrical bridge configuration for converting three-phase AC power into DC
power. The rectified DC power 54 may then be filtered by the DC filter 40. As
explained above, the process of filtering may smooth the DC power 54, which
may provide a cleaner AC power output (e.g., 60) from the variable frequency

drive 50.

[0028] The filtered DC power is then transmitted from the surface vessel 12 to
the subsea inverter 44. The transmission of the DC power may be facilitated by

a DC power line, depicted here by the reference number 56. The DC power line
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additional embodiments, however, the AC power source 34 may supply sing ase AC power.
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may then be?(ﬁf bd bé‘ﬁﬁ'% Ite?%‘ﬁ'."A%%%ﬁﬁf é()ﬁi 4B %m%@ﬁ%i8§£°& A& HEME) smooth the
DC power SHneviityploally sowiitte anciedinatodds pomparedtpatae AC powEoovtitristariabtedrequency
drive 50. [0 2r81m% rﬁmﬁﬁﬂeda[)&) ﬁO\évre IS t\i)&patrgn%ni%ed frP[en ghe %Jrfai:e gec%%ta\*/l % : gg e subsea
inverter 44. The SrAnamiSsion of e powe may%e ?gcﬂlta{eanlgy B¢ power ﬁne, oaepicted here by
the referencAQpaber Bt TdnidrBGpdtivey lpproximately 10 kilovolts (kV) to drive a subsea

pump 28 may be approximately 1to 1.5 inches in diameter. The AC power line

may further require insulation (e.g., approximately 1 inch of insulating material

surrounding each power line), particularly where multiple conductors are

disposed within an umbilical arrangement. To transmit three-phase AC power,

an umbilical having three such AC power lines, each having a respective

insulating covering is required. Thus, the diameter of a conventional umbilical for

transmitting three-phase AC power, when taking into account an outer insulating

covering that surrounds the three AC power lines and their respective insulting

layers, may be as much as or greater than 12 inches in diameter.

[0030] In contrast, an umbilical 42, in accordance with aspects of the
presently described embodiments, may supply DC power to a subsea inverter 42
using a single DC power line. Typically, a DC power line suited for transmitting a
particular voltage is smaller than an AC power line rated for the same voltage.

By way of example only, a DC power line (e.g., 56) for transmitting approximately
10 kV may be approximately 0.5 to 0.75 inches in diameter and may also require
less insulation relative to a comparable AC power line. In other words, the
umbilical 42 is both smaller and less complex than a comparable umbilical
utilized in conventional subsea production systems for transmitting AC power.

As will be appreciated, this streamlined approach may provide for a more cost-



WO 2010/110952PCT/US2010/024337 90TD-031 353PCT may be contained within the umbilical 42
shown in FIG. 1. Thus, when compared to conventional subsea production systems in which the
transmissioNV&f A/pHREY, particularly three-phase AC power (e.g., from a SGTAERNOBé¥er supply to
a subsea variable frequency drive or from a surface variable frequency drive to a subsea load),
requires an umbilical having three separate AC power lines, the presently ibogiresad3es@riment may
adequately power a subsea load using an umbilical 42 that includes only a single DC power line 56.
[0029]Additionally, as will be described in further detail below, a DC power line is typically smaller in a
diameter cosfficieed torenilidel 42)Weerebpdimtorasited ther tresraihittiaig éacantparabletiamitage. By way of
example onl copventional AC power ling for transmitting approximately 10 kilovolts (kV) to drive a
cubsea punts 98 ST, A TSR AP 2P PR NG SRR M SO e
require insutaticmyenjioagpAdXipmarelyumibiinais, imsayagienenadye el soattaunratiddighie, poveer line),

particularly iﬂ@qg@%ﬁggﬁﬁgﬁﬁgﬁﬁﬁgm%twg ggvvé'p%iggl AL ggngnt. To transmit

three-phase AC power, an umbilical having three such AC power lines, each having a respective
insulating c@RRiagatebdhifeMavhngutiselerarfbiasso? a asHfaatiomasembiiltEebr beaasiehtting

three-phase At PWisErHp ARG L LAGO UM QUIEY iRSYIalRgLCeYRENGREH Surrounds the three
AC power lines and their respective msultln? layers, may be as much as or greater than 12 inches in
q

diameter. [0BFH¢L siviRet rARRARIR 20T HARRIRYARY - with aspects of the presently described
embodimen ys DC power to a subsea inverter 42 using a single DC power line. Typically, a
5 power 1003 Thea 1) ARGRRIY P ICUH SURAGS SR EIAD (T AL BoRoPARE rated for the
same voltagecBlyinwgyhef Bxapywe omninsanided oisethénB Gepgwabiiderasansthitingafipsdxmately 10 kV
may be appyoximately 0.5 tq 0.75 inches in diameter and may also require less jnsulation relative to a
comparable R BEs TR TGRS, S DRt 47 (0, LEoaiy o Fe L iblex than &
comparable@dmitical otdizdtem bosedtiordi\vsubizseA Grpodwetianh syistemsolar B@ndittitenthédC power. As

ill'b j ' i . ]
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subsea pump, it should be appreciated that a variety of subsea loads may be
driven using the illustrated variable frequency drive. By way of example, the
subsea load may also be an induction motor, a compressor, a raw seawater
injection pump motor, a separation system pump motor, and so forth.
Additionally, the disclosed embodiments of the variable frequency drive may be
used to control a number of electrically actuated components (e.g., to control the
opening and closing of actuators and valves and other components) in various
types of equipment, including subsea trees (e.g., 16), manifolds, motors, pumps,

and so forth.

[0032] Additionally, the subsea inverter 44 may be disposed in a subsea
enclosure 58 that may serve to shield the inverter 44 from the subsea
environment. The subsea enclosure 58, in certain embodiments, may include an
interface by which the subsea inverter 44 and its corresponding enclosure 58
may be retrieved from a subsea location for service, maintenance, and/or repair.
Compared to conventional subsea production systems, in which the components
of a variable frequency drive (rectifier, DC filter, and inverter) are located either
entirely subsea or entirely on the surface, the disclosed embodiments position

only the inverter 44 subsea. As will be appreciated, this reduces the number of



100TD-031 353PCT efficient umbilical 42, thereby decreasing the overall material and production
costs of powering a subsea load 28. Further, the umbilical 42, when compared to conventional AC
power umbiNeQIZ iHBPYEnerally be smaller and lighter, thus requiring less S$ICHZEH04238pBt to hold
the DC power line. As will be appreciated, this may induce less stress on a surface vessel. Further,
because of the generally smaller size of the umbilical 42, less space conswoMui031853R@GrEd during
transport and before deployment. [0031]With reference again to the subsea inverter 44 shown in FIG.
2, upon receiving the DC power transmitted via the DC power line 56 (within umbilical 42), the subsea
inverter 44 coestestsdhembopentsy hadkthioko ttie erqral 6z Gfitbe eoadnwdiithenvayidhien be used to
drive the AG pawcred sbsed iaad 25, Wile dpAC Pawered subsenjaad 28 denisled in the present
embodimen mqay be asubsea pump, it's ould be appré/ma‘:tlgdp hat a \E)arie?y of subsea loads may be
driven usingethedliirptratetaanebldéréeuanepsirv €68y nadyctibexartisegvbrals sizseaflted may also be
an inductio , P - riniection p otar rath ystem pump
motor, and%%ﬁ.%d@?ﬁoﬁ%%ﬁ%%‘ iswﬁgﬁj&s%gﬁ?n%@(g nﬁ%?gf’s %fl h%%iﬁé%ﬁéﬁgﬁueﬁ@%nve may be

used to con®B1RAMADES BT i \ahteasted8imEtentdle.@r & toel erRUsRMiWEhand closing

of actuators aaga¢@lethandBsT KHPPBERITA B RSLRSS @frauipment, including subsea trees
(e.g., 16), manifolds, motors, pumps, and so forth. [0032]Additionally, the subsea inverter 44 may be

disposed in pesBisea eagiRg RS ENEIGNSY Setrrimabididdharnvesterddtimmdhersimsea
environment. The subsea enclisure 5% in certain embodiments, may include an interface by which the

e e e e B RO P e B PBRSFAR 2L R R b SR for

service, maintestanwe, thedbincupair nizgninsied thee At entienalaubsent ptioslvatiablsystems, in which

the compongnts of a variable frequenc “ﬁive rectifier, DC filter, gnd inverter) are located either
entiely sub S LR S el o BRSO o LR GH oS (Hesorter 44
subsea. As ¥l Dis@msestiabestetimsHied e s shexplambdrakfon the 101 pOBB2BAIAd S32010/024337

110TD-031 R I ' t v | e ign of the variable
frequency dFﬁvggggéhgt?&%%%&%&Rbgggg?ﬁgy@ﬁigrﬁnp ge?rg.llr%@ égr%z%c?%oré%%ﬁ&ment may provide
for at least &/ @d3blectiegtencn diveverall kézeufate eompeagnistidh. ovhkichameaatreiabncy drive (e.g.,

only the invejtarddh OthelLRPRAEN RS MY IOy Igfahitant &3l 897 (334, 1RE 80% size

reduction with respect to the subsea portion of a variable frequency drive. [0033]Turning now to FIG.
3, a schemd®&'igfyhbd AharBGt fitetdOdrilfiggractifier 38 may convert the AC power 52

supplied by the AC power source 34 into DC power 54. The DC power 54 output
from the rectifier 38 is then filtered by the DC filter 40 in order to smooth the DC
power prior to transmission to the subsea inverter 44 by way of the DC power

line 56.

[0034] The DC power line 56 may include a single DC conductor for
transmitting the filtered DC power to the subsea inverter 44. In the context of a
subsea production system the DC power line 56 may be enclosed within an
umbilical 42 (as shown in FIG. 1) coupling the surface components 36 to the
subsea inverter 44. The umbilical 42 may provide insulation and shielding for the
DC power line 56. In the presently illustrated embodiment, an umbilical 42 may
include a single DC conductor for driving a subsea load. In additional
embodiments, as will be described in further detail below, an umbilical 42 may
include a single DC power line for driving multiple loads, or may include multiple
DC power lines for driving multiple loads, wherein each DC power line drives a

respective load. The DC power line 56 may be configured to transmit a suitable



subsea load 28 is illustrated in accordance with aspects of the present disclosure. As shown, the
circuit 70 may include the AC power source 34, the variable frequency drive 50 (including the surface
componentIVIB28HtHE8ubsea inverter 44) discussed above in FIG. 2. As B&BIEFEH04BHE, the AC
power source 34 may supply three-phase AC power 52 to the surface components 36 of the variable
frequency drive 50. The surface components 36, wigch may generally be |QoabeoBat3bgrstirface 14 of a
subsea production system 10, include the rectifier 38 and the DC filter 40. The rectifier 38 may convert
the AC power 52 supplied by the AC power source 34 into DC power 54. The DC power 54 output
from the rectiffeiua8 i tiodtaddtéoe drivnidnehd Cotilie2810 By arale bfcesanopith dhéy DE @aaver prior to

transmission tg the subsea | ter 44 hy way of the DC power line 56, [0034]The, DC power line 56
e oo LR R HE S MBSl B e B P e
the context dPkdontsa proaldditionadyatemdinecDIS, gbe/dr i Berniag bé manidsusmithin an umbilical

42 (as showgy|p, é@frjc)n?ol“tl%"'?g]ﬂﬂ&%‘i{ga‘ﬁ?h98mﬂﬂﬂgp &‘Pn‘]@ﬁ@“*ﬂ?&%@‘b‘%fwﬁ%e@be umbilical

42 may provide sulation and shielding for the' DC power line 56. In the presently illustrated

embodimentnay ialsmdayateansy sredtelethasinfleitnwatisnductor for driving a subsea load. In
additional embodiments, as will be described in further detail below, an umbilical 42 may include a

single DC p&iPkine HRRIRVRRE A INUBIESTGHHENDY RPAYSRcRBPAYRipIRCBIFeH oM &Ttor driving

multiple loagiaweheirRirseasitiofate V@ bRt sraaiespecidettoadvd iee RGbrewadingadé may be
configured tg transmit a suitable W? 2010/ 1095_2PCT{1U82 10/024337 1%%)TD-O31 353PCT amount
of voltage fo%%rﬁi?ﬁ&’fﬁ@?i%d'%h%i} WP REHBIEBRE RHU8REP MEERMERCIALTE BSwer line 56
may transmibe ypoliagarahapjttediviately DO ddudionwts6l madthtesnphassbadnpents; 8oe DC power

line 56 may trﬁm mltavqtl)tg%egér m,1to0 .10 Iéllg)volts In.y. éfwtpc%r %mb%dlments the EEC power line 56

may transmit voltages greater t QNG FiIsve s?‘iad%% & gt d i Nertet R4 MPay CoRVe DC power

received viacthre &S gmwes lihecb8sbdcatiove AG poeenthatimanthéhesedbisedrivgetier stdbsea AC load

28. For exa o ' ircyi ' 4 oyver transmitted
vin the D 1L B B RITHE A B S e B e 2 B e load
28, which manggewatteim(n, adgitiehet eorpaissois atheisclpssadintssies. mayraavideodtent, the subsea

inverter 44 Nmi@ﬁﬁg@ gfr%%)(hgap&y,ve(wigwm%%_of approximately 2 to 4 megawatts.

In additional embodiments, the subsea inverter may provide AC power within a range of approximately

1 to 5 megaypeatie] [00AGHGKHEMAAllY tHe thepReRictadRmbRAMEN, dheuairedimé) Maldeckide a
current return path through seawater. For example, the subsea inverter 44 may
be electronically coupled to a cathode 72, and the surface components 36
located on the surface vessel 12 may be electronically coupled to an anode 74.
The cathode 72 and anode 74 may define a subsea current return path through
the seawater, shown here by the reference number 76. Additionally, it should be
understood that the subsea inverter 44 may provide three-phase AC power 60 to
the subsea load 28 at controllable frequencies based upon control actions
provided by the controller 18 discussed above with reference to FIG. 1. For
example, where the subsea load 28 is a three-phase induction motor, the motor
may be started slowly and gradually ramped up to a desired operational speed.
As will be appreciated, this may allow the subsea load 28 to begin running at a

full rated torque without an excessive influx of current.

[0037] FIGS. 4A-4C each depict further embodiments of circuits that may be
used for driving one or more AC powered subsea loads, in accordance with the

presently described techniques. Referring first to the circuit 77 shown in FIG. 4A,



current return path through seawater. For example, the subsea inverter 44 may be electronically
coupled to a cathode 72, and the surface components 36 located on the surface vessel 12 may be
electronical}y@ded 4 an anode 74. The cathode 72 and anode 74 may d&HERHEIN3EB Current
return path through the seawater, shown here by the reference number 76. Additionally, it should be
understood that the subsea inverter 44 may providehree-phase AC powe06D103thesaHisEa load 28
at controllable frequencies based upon control actions provided by the controller 18 discussed above
with reference to FIG. 1. For example, where the subsea load 28 is a three-phase induction motor, the
motor may hieesteCtedsovdyace sdadaglyupqiypiacceptased<irpdvogesatiornthbspadateAs will be
appreciated, this may allgw the subsea load 28 to begin rynning at a full rated torque without an
axcossive T S R S A S R s e et ety be
used for drivingaseecomponei G povesr ittisdlesa aidotiftls, $8 docoedsadmgvithetieregasasty described
techniques. efoong 8511 B Jul” TRIUAB LG, #noHO SOHUI 1RGP (g (52010024337

130TD-031 353PCT the AC power source 34 may supply three-phase AC power 52 to the surface
components?$6 fdeih&0 taridiferinadieney mewesoumsidpdhssesttiss @8 Miostpfiaascofipdnent 36

may includegdgeiifiar 38Her cRwaringthe yee-phase AC power 52 into DC power. The surface
components 36 may further include a DC filter 40 for filtering the DC power output of the rectifier 38

prior to trangou8d)9 D& PessIskethaisslrsapdnvaiteniddiolD@38I8spdisersestl alRove ietransmission
of DC power from the DC filter 40 to the subsea inverter 44 may be facilitated b Wag of the DC power

line 56, whid? itallBSWRRG8s DY SHithiA LM avnBRilaG Matd by WakahLir Ry ARG LS REre by the

dashed line ehiclosivay the &MClpssdewlthi S T ikcdlseabls\ufaschdmpionl ke dihigtrgtdbde transmitted
the DC power fro e DC poyer line 56,.conyerts the DC power bagk intg three-phase AC power 60,
which ray T 18 HR S0 0 RO S DGR Foerd Pt e P VG semater
return path Tasirge waghthectzdsmitteshdoe DL, pewkudtatethen BFOByemliaddiional current return

line 80 COUP@%H?% %319566 'g'(y\ﬁ{aﬁleBé&t%@‘?h%ét%%&é"%ﬁoﬁ'&%sr 36l i, vatghie frgauency drive

50 is provided Instead, thus completing the circuit. Here, the current return line 80 Is also enclosed by
the umbilicallﬂ_lizaqlbhgqmﬁf thed DG ﬁﬁﬁv@mﬁﬁ?\%w 24t i_sH@h% l_ﬂﬁﬂhﬂl‘dhlallz,ﬂiﬁzihg émbodiment shown in
FIG. 4A, maylngiide R 8iR0IsIRG BNRG e RRJ9E GV AsBle AG IR 4818s Wew as & single

current return line 80. [0039]|FIG. 4B illustrates a further embodiment of a circuit 78 that may be
an additional current return line 80 coupling the subsea inverter 44 to the surface

components 36 of the variable frequency drive 50 is provided instead, thus
completing the circuit. Here, the current return line 80 is also enclosed by the
umbilical 42 along with the DC power line 56. That is, the umbilical 42, in the
embodiment shown in FIG. 4A, may include a single DC power line 56 for driving

a single AC load 28, as well as a single current return line 80.

[0039] FIG. 4B illustrates a further embodiment of a circuit 78 that may be
utilized for driving multiple AC powered subsea loads, shown here by the
reference numbers 28a and 28b. The circuit 78 may include the AC power
source 34 for supplying three-phase AC power 52 to the surface components 36
of a variable frequency drive 50. As discussed above, the surface components
may include a rectifier 38 for converting the three-phase AC power 52 into DC
power, and a DC filter 40 for filtering the DC power output from the rectifier 38.
The filtered DC power may be transmitted from the surface components 36 to the
subsea inverter 44 by way of the DC power line 56, which may be enclosed by
the umbilical 42.



utilized for driving multiple AC powered subsea loads, shown here by the reference numbers 28a and
28b. The circuit 78 may include the AC power source 34 for supplying three-phase AC power 52 to the
surface comPEEME BB a variable frequency drive 50. As discussed aboV& 8288 FTomponents
may include a rectifier 38 for converting the three-phase AC power 52 into DC power, and a DC filter
40 for filtering the DC power output from the rectifign38. The filtered DC p@vey-0By3sem@nsmitted
from the surface components 36 to the subsea inverter 44 by way of the DC power line 56, which may
be enclosed by the umbilical 42. WO 2010/110952PCT/US2010/024337 140TD-031 353PCT
[0040]The s[0:t] inv@tiersédsapdinveertaiving dherDE€dedivey thenBiditiederdrtémsbi@edower line 56,

converts the,D wer intp three-phase, A r 60. To drive both of the AC powered subsea loads
o 250 D B B e e R G o B by o
power distrildatierbsiistehth82A Thewereer slibsasulizadsyZiarargdl 28bythe ttuaégrasetd\Supply an

appropriate SNPGRS LO0HNELALLAL N AG0Rds 28R and 78ty Bipr example, in the

illustrated e ment, the power distribution system 82"may supply three-phase AC power 84 to

drive the subisgabigian 28stent $ay [SieppRMercisiHitagana ey piewe P 86 Ry dify6aREgSIRSda load 28b.
That s, in the, prRSaRt SIPRAFIFE inibEHBPAIEa) deeMay dRGR e SPgle RE RRWSIAe 56 that

transmits DC power which may be utilized by the subsea inverter 44 and power distribution system 82

to drive mulfip 288 1050:e288 Bl%d Peihe[dieimiadiemRogiasehtiPfiroRedieRtt®ent depicts only

two subsea igatsP8a ang 28pHpuURted phikse PAwphWistdauiioaySESieansBBsisivuddRe understood
that depending on the power-delivering g&abilities of the power distribution Séstem 82, additional AC

powered suBS9dIBYRVRRY, BISS PEYR HLRIPIHESHedEMe dBRMISRRIP3fh &rcliteidsalso utilizes
the seawatehaoe @nésetiiranedlir@listussenbilkaye witateittkaecdsihile. BCThawes, the cathode 72

may be coupl bﬂ'lt he subsea inverter 44 and an anode.74 may, be cqupled to the surfac
componentsg§ *'E‘gére K e %é%@\?ﬂg E‘G‘r'?gnp r%’fl??ﬁ B%{fﬁ%?{omzi osrﬁ)?nmﬁﬁr%év% FfG. 4C, a
further embpdineertisifiaudioruisyAdeior 82ivindriveuinplé e bs€ddedsl 2 88am@&8b is illustrated. The
circuit 79 essentially includes two variable frequency drives 50 each receiving three-phase AC power

52 from a cd@th AG\hdadhepresersly. thrﬁéeénemb@@mtpéwéﬁtgogmbetm §uppﬁés_ three-phase
AC power S, Lo ihessuiaro IO MRS 332 Sier Hshivamite e iiistand sfspgdyariable frequency

drives. Each of the surface components 36a and 36b may include respective rectifier and filtering

componentsingerioRdalRpHARRRENGIIHVE S TRRYC R Bt CARTRHEBIRD AP HIFRPYSBa and 36b may
output filterefskfounowelyRie Wag0 TG SRER Y BbWEE|8HIEaPWE RS NER BEd R

using the present configuration. The circuit 78 also utilizes the seawater current
return path 76 discussed above with reference to FIG. 3. That is, the cathode 72
may be coupled to the subsea inverter 44 and an anode 74 may be coupled to

the surface components 36 to define the seawater current return path 76.

[0042] Continuing now to FIG. 4C, a further embodiment of a circuit 79 for
driving multiple subsea loads 28a and 28b is illustrated. The circuit 79
essentially includes two variable frequency drives 50 each receiving three-phase
AC power 52 from a common AC power source 34. For instance, the AC power
source 34 supplies three-phase AC power 52 to the surface components 36a and
36b of respective first and second variable frequency drives. Each of the surface
components 36a and 36b may include respective rectifier and filtering
components, as generally discussed above. Thus, each of the surface
components 36a and 36b may output filtered DC power by way of the

respectively coupled DC power lines 56a and 56b.



WO 2010/110952PCT/US2010/024337 150TD-031 353PCT [0043]In the presently illustrated
embodiment, the DC power lines 56a and 56b may be enclosed within a single subsea umbilical 42.
The DC powWee 8sH®d by each of the DC power lines 56a and 56b mayPbd/tEe8iéd43ythe subsea
inverters 44a and 44b, respectively. The subsea inverter 44a may convert the DC power transmitted
via the DC power line 56a into three-phase AC power 60a for driving the sgasea3aas8aTSimilarly,
the subsea inverter 44b may convert the DC power transmitted via the DC power line 56b into
three-phase AC power 60b for driving the subsea load 28b. That is, in the circuit 79 shown in FIG. 4C,
a subsea unpois3! calletHE presemiglltiestddsd ponerdime (b 6hamC5thydorieastb8alksen load (28a
and 28b) wi 'B trp]g sHbsea roduct'g%lnq_sh stenLlo. Additiongllll%a{h&.suﬂ%%' veor\'gveerrs 44a and 44b may

I b
be coupled to'a commorn ca Sgge“? " e Cathode %am%n)) provide a seawater current return path 76a

to the anoddradsntiagldy eatieasiniadeCepavsnines3dsa Bhd 6athouy 12 meapintsh by dhide a seawater
current returyy patll QRIS 29908 MB,C%%Bl,?&i\'}g%ﬁ?é‘ﬁ@ﬁﬁs‘é%”?ﬂ%ﬁéﬁ%ﬂ%%@044]AS can be

appreciated, certain aspects of the presently disclos niques provide f e transmission of DC

power to a StEst iR Rér aaVsy Wapsonitesinygr the Povwenesingcede msoihrer-rhesasféd further

below, the tﬁo"dﬁé‘?i%@%ﬁdﬁ@rﬁ%@rs@ﬂé@écﬁl%@%@ @fﬂﬁi%‘ﬂ&[ﬂﬁé%%@é@‘ﬂ%ﬂ%ﬁ}ﬁﬁion of AC power
over equally long step-out distances, such as one hundred or more kilometers. Additionally, an

umbilical caB1@¥4goR¥erhdng SNgROPENERRIREIRI oY ifoiNSoRe MRy s sintsse8niniolirias-generally

smaller, lesprasepies. RN EBEHMSH arifsy efficRiisecampadezil umbilical Rrrnariuems used in
conventional subseadgroductions systems which provide for directly transmitting AC power from a

surface varigBRRgUdiTey* tridetPaa IR IR e rd mmALItSEEae PGRMSEHIG t%8subsea
variable frequiensgigrive caor inshasacioad @2sesaedabpwithin apevariiaprsabiical cable for

transmitting three-phase AC power may require three sepgrate AC power conductin &ines.
Ay e A o it R S o —
and referrecctoriyaheatiedenc?. nlihebeatBOdA T2 may provide a seawater current return

path 76a to the anode 74a coupled to the surface component 36a. The cathode

72 may also provide a seawater current return path 76b to the anode 74b

coupled to the surface components 36b.

[0044] As can be appreciated, certain aspects of the presently disclosed
techniques provide for the transmission of DC power to a subsea inverter 44 by
way of a single DC power conductor. As will be discussed further below, the
transmission of DC power is typically more efficient relative to the transmission of
AC power over equally long step-out distances, such as one hundred or more
kilometers. Additionally, an umbilical cable 42 having a single power conductor
for powering a subsea AC load is generally smaller, less complex, and thus more
cost efficient compared to umbilical arrangements used in conventional subsea
productions systems which provide for directly transmitting AC power from a
surface variable frequency drive to a subsea load, or from a surface AC power
supply to a subsea variable frequency drive. For instance, as discussed above,
a conventional umbilical cable for transmitting three-phase AC power may

require three separate AC power conducting lines.

[0045] Referring now to FIG. 5, a cut-away view of such a three-phase AC

power umbilical is illustrated and referred to by the reference number 90. As
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include an outer insulating layer 92. The outer insulating layer 92 may serve to shield, insulate, and
enclose thré¥QX0196W¥Eonductors 94, 96, and 98, each configured to trarReTitiprd I 2e3phase AC
power supplied by a surface power source (not shown). By way of example, the three phase AC power
may include AC power corresponding to 15Hz, 30H8, and 60Hz, respectively DAGBtBBBRIg Teach of the
AC power conductors 94, 96, and 98 may include respective insulating layers 100, 102, and 104. As
discussed above, the size of the AC power conductors 94, 96, and 98 may depend on the transmitted
voltages. Fostexam e, ambACa mablelige nadgdrfcutiansnatitag ihOukdtng ltay@é\danaihbe approximately

Ito 1.5 inches in diameter. The AC power line (94, 96, 98) may be cqpper, aluminum, or any other type
of stitable O N BT S st g Rt oS B BUGEAC etors for
transmitting phres-phagdeciaCspivertiocead 98s eackakabfig fireduienicgrarivie the tregeaimdisthe size of the

umbilical 90 A%ggg\%y @u?f&?e?fgytg%rtﬁlf%@ug tigéur&c[tﬁg[sgﬁ%gﬂﬁvz%ﬁ g&ng&g&g&pission in

conventional subsea production systems. Further, as mentione transmission of AC power

over long stéedbtagistbaseSNadpreiumay petbiieaCupritelr apleeraphdint damatefidetéd waveforms

being generatedgnes! se8sEiRaYDRARBARMERLHER BE ACoRNFELIeBANSHIB e BYaggDle frequency
drive, a subsea load, trees, and/or wellheads, and/or near the surface (e.g., near the surface vessel).

[0047]AccordiNghp H@Yaiﬁphéi?e%%Qﬁ‘@ﬁf@é’é@\tfﬂgd%\ﬁ&e@@ecmiq%@.g?’évi&?for a "split" variable

frequency deRuEsed 2BbiRAttREcsIEE RS PR DPHREPBENHLRIGSYAA08 VasSegR@jransmits the DC
power directI% to a subsea inverter (e.g., 44), which then converts the DC power back into AC power

for driving a il velirdess d BUMEPRBIRpRERGr POWRIOIBE FBlesk@nple. The
transmissionrahsheatifg povwao ity lpe/fagibiateddpprsarefeln unbilicalemele iedandekehaving a single

DC power capdugtor. This gre r ginu the size of the umbilical cable and thus the cost of powering
Rl ses At A SREENE o e S A i S
2010/110952¢ @Ik SQtdE ORI 33t<riaDTD-031 353PCT utilizing the three-phase AC umbilical 90 of

FIG. 5 for driving AC powered subsea equipment. Additionally, because the subsea variable frequency
inverter 44 i§0RAGked relatdedniagaotistyswiwre AUIGde 28, PEvpoedraimiteed from the subsea

inverter 44 tp he-laad2th e dLBRSEUTRE YRR I81alyRYSNpsHdisianes @by hprRIR; Potentially

undesirable harmonics and reflective waveforms typically associated with transmission of AC power
over long diseanied ishe gireeafdhelHmhie Aftdyeeatly increased, thereby substantially

increasing the cost of power transmission in conventional subsea production
systems. Further, as mentioned above, the transmission of AC power over long
step-out distances may result in potentially undesirable harmonics and reflected
waveforms being generated near sensitive subsea equipment, such as a
conventional subsea variable frequency drive, a subsea load, trees, and/or

wellheads, and/or near the surface (e.g., near the surface vessel).

[0047] Accordingly, certain aspects of the presently disclosed techniques
provide for a "split" variable frequency drive (e.g., 50) that produces a DC power
output at a surface vessel and transmits the DC power directly to a subsea
inverter (e.g., 44), which then converts the DC power back into AC power for
driving a subsea AC powered load, such as a pump, compressor, or motor, for
example. The transmission of the DC power may be facilitated by way of an
umbilical cable (e.g., 42) having a single DC power conductor. This greatly
reduces the size of the umbilical cable and thus the cost of powering subsea

equipment relative to conventional subsea production systems, such as those



[0048]Before continuing, it should be noted that in accordance with a further aspect of the present
disclosure, an existing three-phase AC umbilical 90 may be retrofitted for use with one or more split
variable frequ@rR8YWEHIR 50. For instance, the three power conductors withf& THESZMGNa$D0 may be
retrofitted to couple to one or more surface DC sources, such as the rectifier 38 and DC filter 40. For
instance, the conductors 94, 96, and 98 may be retrpfitted to each receive ¢TDRE1peFs@CIUtput Of a
respective surface DC filter component 40. Each of the power conductors 94, 96, and 98 may further
be retrofitted to couple to respective subsea inverters 44 and be configured to transmit DC power
output to eactilivhgpeiotiiereeipteaanyattambdickl Gherf wiBds, fahéreirgsAllspawmedustibsesystem or
mineral exiracligh system Alieady nas.aeephase AC powglumblical 90 ndlace,one or more spl
variable frequqerﬁ:y fives 50 pe p?/C)w ed 1o replace conventional va(r‘]la%qeyfrequency rives which may
be located dntiatdy selsdiwalprreatirtly enbden shifdoad/@8sé Cagodistiisssthitedvdomhémg using the
Seioung S EONFIARI RSP 39 DERONFCmA b d ARSI B A5 A oS roe
subsea inverter units 44 in a manner similar to the embodiment shown in FIG. 4C. [0049]Referring
now to FIG. BN, dhreesfssedipeteitisiianundtsiiablecdisiengpids apgorefastisayiva\veipeass of the present
technique, ig,sRAN Byswianad aviHIBARIYIRYNT Re ABBiliGel cRRleIdRgariheddiliged in the subsea
production system 10 shown in FIG. 1 and may include the DC power line 56. As discussed above, the
DC power lifRF865-hBF BETHBATRGUREPES s mit DC power output from the DC filter 40 to the subsea
inverter 44. The subsea inverter 44 may then WO 2010/110952PCT/US2010/024337 180TD-031
353PCT co&ifthe DESI9EwEP AL FIR4 thE DROISEWRRliM: 3EIMBN&E BB& 18T 60) which
may be utilizegdot drfee peessrmaischsupwataskistibgaarkngsds g A C8)mblidhiegtamayedioned
above, a DC J%O\ﬁvt?l’(!i e 56 ratet to transmitted a\.parti.c%\ar fvolta eis (imicall_}/ smaller than a similarly
rated AC po(/ver(r) ine. For lé?(%m'ple?ﬂetr?er Be pﬁ)ost\)/('er\fianr{-:-a § i Fared For raﬁ%mlqtingoio kV, the DC
power line Séstaagd)etlzgppinmanpatety cdtod@ors iwghiesthe diarbiditedt idmagybalsetrefiisde tiess
insulation relative, t e ' c t 21 lines 94, 98, 98 shown in
FIG. 5. 1 e e oSk e, B panea b S e RS BES DCREE lating layer
108. Both tODE ponsiamers Secagrnityatoize8pohbirmnth 88 ma hayetreligechd9 bacdnclosed in the
outer insulatigglayend Fop R BlRpinab A2 i ahaihersarmRedinte ke sulatitgdgyer 108 may not

be present and, instead, the DC power line 56 may be insulated solely by the outer insulating layer

110 of the uRrNcel Bgorower crdusorRCYoWer AR P8aMay fuipod Blikiifiiad di8RAiABe DC power

line 56 may {HGHGHR GRBPSHLBLHMNEMeRr AMaRiNsE BRfigieHitabierendueityshatetalpl050]FIG. 6B
shows a cut-away view illustrating an alternate embodiment of the umbilical 42. Particularly, FIG. 6B

illustrates afCUPARNICEPRECHNSL e MHRZER i th& QRGBT WordRsWBER AISHPESRIth reference to FIG.
4A. For instarsgudiish usybibieal st himayainekiceibe Bystpawelrdas Staartinescptiesat reirn line 80.

106 and 1129THE LPHSHer B B85t Berbe Bt A e R0 o B LGBt lting layers
108 and 11%rovaledlltbesphmtoseshbyrifin alutedrialsiel Sty tanogr ddeef winkchimizlicad 4&cated

entirely subsea or entirely on the surface vessel, as discussed above. Then,

using the existing three conductors in the umbilical 90, DC power may be

transmitted to as many as three subsea inverter units 44 in a manner similar to

the embodiment shown in FIG. 4C.

[0049] Referring now to FIG. 6A, an embodiment of an umbilical cable 42, in
accordance with aspects of the present technique, is shown by way of a cut-
away view. The umbilical cable 42 may be utilized in the subsea production
system 10 shown in FIG. 1 and may include the DC power line 56. As discussed
above, the DC power line 56 may be configured to transmit DC power output

from the DC filter 40 to the subsea inverter 44. The subsea inverter 44 may then



[0051]FIG. 6C illustrates a further embodiment in which a DC power line 56 and a control line 20, as
discussed above in FIG. 1, are enclosed within the umbilical 42. As mentioned above, the control line
20 may prove200the4ansmission of control signals to a subsea controllePEF S8 Edlle 18
which may be utilized for controlling a number of subsea components, such as the Christmas trees 16
and the subsea inverter 44. Particularly, control of tge subsea inverter 44 yTtbegarasaieI 118 may
provide for adjustable control of the WO 2010/110952PCT/US2010/024337 190TD-031 353PCT
subsea AC load 28. For example, where the subsea AC load 28 is a three-phase AC induction motor,
the motor megnbersthredGlpoweatdrgraitieallyisatig daoupoiwen tesitsdicpetaiipnaespead, Further, it

should be appreciated that.the contro] line is typically configured for transmitting vpltages that are
substantially% pogvylvcet}'?ﬁar}??%obsee {r?le{ﬁes?nf eH %Ef/ %’% B&Xb%\?ver e 56 o?@séerﬁgﬁe?ﬁ%e?egghtrol line 20
may transmi8)oltbyekedt appreximacslyab0\80 adi€ DGvén bme Frbtetinehgribwitedt@l line 20 may

transmit VO'@Q‘EE@&@Q&EQ%H“@E& iy U HLACIURSH e r?t@doﬂﬂ%c}\i)&@r iR, beggonfigured to

transmit voltages in the order of hundreds of volts or even kilovolts, such as approximately 10 kilovolts.

As shown, eaxainpiend the psnrevieke [BE afdsHatedritiolmnentiinty! O &éntiedad Bpwespective
insulating la)ierssE08 Andel & RRAHARY, 06 SUhe 7 S ncipRRd PYithaps el asHiRfing bayer 110 of the

umbilical 42. The control line 20 may include copper, aluminum, or fiber optic cable, for example.
Further, tholRfH Bt SRS HRHe 1§ EhibeRimRamPle shEURPHEr Ut 6B Pt i umbilical 42

may also ingluderagddiiangl sgmrariegtisablines sushsas hyasaulistines ambeasnysal fines. For
instance, disclosed embodiments of the umbilical shown in FIG. 6C may include anlgeonumber of DC

power lines, FEtBMRA 08RG B 8RClosAtt M IiRDs 2BHERAENfhjlEon e SR Ui Pfistance,
embodimenisakihingrebikeal 42 coagqpoviiteyfonsulingy 4yer6108 Mhay, 36 aiombeed eacheof DC power

lines, return lines, hydraulic,lines,, cantrg] lines, or ¢ ical injection lines,.or s combination
tereot. 008 S | B el i BT S A B atian 42.in
accordance insthiadispeztgeof 10@ masent techregeet Empaimsteksd)ythih® Gnpbilveallh2 Sitowayin FIG. 6D
may be utilized. | ircuj icted in FIG, 4C. il umbilical 42 inclydes the outer
insulating Iaz?lgr'qgl ,?v%(ﬁigﬁf%&agﬁe%%oos@? éﬁéﬁﬁﬁg i;%‘fe GH;:\?g%ge@gbmﬁ@gﬁ%f t?@gD power lines 56a
and 56b malsikecineléEopewpolidasgihstfating |QfatisagsatradaBihaPdeporieedindhobe with

reference 10 FIG it HOET IRGHmAA A51nf B maY h5CoPLghER: 1RJFRNSHE Rialayer from

respective surface components 36a and 36b. The surface components 36a and 36b may be part of
first and secpdopriaesireguanaysds\es.despasiveltstiefdCaPoMeinate embodiment of

the umbilical 42. Particularly, FIG. 6B illustrates an umbilical 42 that may be
utilized in the circuit 77 described above with reference to FIG. 4A. For instance,
the umbilical 42 may include the DC power line 56 and the current return line 80.
Each of the DC power line 56 and the current return line 80 may include
respective insulating layers 108 and 112. The DC power line 56, the current
return line 80, and their respective insulating layers 108 and 112, may all be

enclosed by the outer insulating layer 110 of the umbilical 42.

[0051] FIG. 6C illustrates a further embodiment in which a DC power line 56
and a control line 20, as discussed above in FIG. 1, are enclosed within the
umbilical 42. As mentioned above, the control line 20 may provide for the
transmission of control signals to a subsea controller or control module 18 which
may be utilized for controlling a number of subsea components, such as the
Christmas trees 16 and the subsea inverter 44. Particularly, control of the

subsea inverter 44 by the controller 18 may provide for adjustable control of the



WO 2010/110952PCT/US2010/024337 200TD-031 353PCT transmitted via the power lines 56a and
56b may be received by the subsea inverters 44a and 44b, respectively, and converted into AC power
for driving r&%@a8iive18ftsea loads 28a and 28b. Thus, the embodiment shBWH B2 26837s meant to
illustrate an implementation in which an umbilical 42 includes one DC power line for each AC powered
subsea load in a subsea production system 10. [00f8]As mentioned above) PhehBeB6BPOThe present
disclosure relates to the higher transmission efficiency of DC power when compared to the
transmission of AC power. Particularly, the transmission of AC power generally decreases in efficiency
as the transsubsezn Az lande2B1cieasesanhples, ih sgbteasaskbeai@hbadh 2fipatieets pleisered over

relatively lo tep-qut distances. such as hundreds of kilgmeters, the transmission of AC power is
often disad\r}ag%?élng%ﬁ \'/\C/)ffhrﬂ?gﬂrber%enﬂ a%re@%¥ %ﬁeﬁ%s%%o%%\%%naggtnwgg? e Eénvggfé)tru n?sorgission is
generally mardesifigienpeiatiooahepack.ofcutingleit #hpedapeespresttzdethatitharemainoitting AC power

and, particujgyly,s F&'Q%aé&fﬁgu?éﬁ"!ﬁfr Eé’ﬁs‘?ﬁf'{’gﬂq%ﬁfg LB NONLQ [ Gardtidh g RINLA 20 comparing

the efficiency of DC power tranSmission comparedto AC power transmission at comparable voltages

is illustratedthReftieRg) ifieestoitfied durtles PL2pawar Hng 306 neesadipitstiteasordiniebegthe
transmission&ifigigRGHiP\BIIEGRNASSH Hle-RAVENransspiieabEd HZ. - EmBBdiGeHEZ. irspectively,

over a step-out range from 0 to 700 kilometers (e.fg., the x-axis of graph 120) from a main surface AC

power sourc@{¥q]. 186 ALY FRRRIRhO(RERRIf AP HER IR etf S PlowdtiRgNiFeStrequency of

the AC poweignay preinily nyrevecHigigiasaniistisnsaificiensyds #Ome slearesr. For instance, as
shown in the graph 120, the transmission of AC power at 15Hz (curve 122) is more efficient relative to

the transmiSSBF 6PRA T PENRPACYER XIRUPIS: ISHPN AR BRI 1 3 KIolisv e SusiioY Rompared to
the transmissaeh of he ponsswet e E58xed eheasoproabiecvaiiagsy thedransiaisspn efficiency (e.g.,

the y-axis of Sragailzo foTa(?.ach of the cﬁﬁ% power, urvegs 122’b% ﬁhﬁnd 12 re%re esﬂfignificantly as

r ve Insulating layer an a enclose
the step-out |§ance from a sé:lrfa e E\ power soufrce ﬂaneases. EOT examp etween step-out

distances ofcagrinsmiatiely Ey6rid 10/67 261 0rI0EH2FC TTHS 26164034820 206 TDelEE 353PCT 300
kilometers, t ission efficiancy for three i imately 60
rometers @H@S%mﬁﬁh%? g?%]e(:{yg ﬁéf}fgﬁem?g?%)é%{%%‘l’félggipQRSH%ﬁ?Sﬁﬁfé%ma cy

percent or le er, at a step-out distance of approxi ilomet e transmission
efficiency ofitbeovesery femhediraeinicetl sbdeisk hhamgdergienskithat the umbilical 42 may

also include additional non-electrical lines, such as hydraulic lines and chemical
lines. For instance, disclosed embodiments of the umbilical shown in FIG. 6C
may include any number of DC power lines, return lines, hydraulic lines, control
lines, chemical injection lines, etc. For instance, embodiments of the umbilical 42
may provide for 1,2,3,4,5,6,7,8,9, 10 or more each of DC power lines, return
lines, hydraulic lines, control lines, or chemical injection lines, or some

combination thereof.

[0052] FIG. 6D illustrates yet a further embodiment of an umbilical
configuration 42, in accordance with aspects of the present technique. In
particularly, the umbilical 42 shown in FIG. 6D may be utilized in the circuit 79
depicted in FIG. 4C. The illustrated umbilical 42 includes the outer insulating
layer 110, which may enclose the power lines 56a and 56b. Each of the DC
power lines 56a and 56b may include corresponding insulating layers 108a and
108b. As described above with reference to FIG. 4C, the power lines 56a and
56b may be configured to transmit DC power from respective surface
components 36a and 36b. The surface components 36a and 36b may be part of

first and second variable frequency drives, respectively. The DC power



[0055]In comparison, the transmission of DC power at a comparable voltage, as represented by the
curve 128, is much more efficient than AC power transmission, even at long step-out distances. For
example, aP3NA/BWIHE curve 128, at a step-out distance of approximateREBAGKIGNEEYS, the
transmission efficiency of DC power is still greater than at least 90 percent. At a step-out distance of
approximately 700 kilometers, the transmission effiency of DC power doesTshigisiysgepeanse, but still
remains relatively high at approximately 85-90 percent efficiency when compared to the AC power
curves 122, 124, and 126, which may transmit only at approximately 10 percent efficiency at the same
distance. Thumsmitikstevia thiévpavsiniites/AS6pant E8b subgdse loadtiabthestaessbapeout distance,
substantially more AC powe uld need, 1o pe transmitted in order, 10 compensate for the
meficionciel Wit acH ot it megpSEufe R RS SNEeE SR B e above, e
presently disekpsetitechiiige@doady 28eiand\édhl abvwamttigesobediomniestional ylbséafioduction
applications, Fige IRy AN i LA RASAUNAEACIS IRRHERRL ABYRI MAIBREPONEE generated
on a surface vessel and transmitted to a subsea inverter, power transmission is generally much more
efficient relapiowan likgniompeal AC PONRIES GivbaesuIRRSE NG PERSER JUOAUCHI™ SYHieBh (&riable
frequency drive %e.g., having ‘r{%%g/g , filtering, and inverter components all located subsea) or from a

surface variéfl@HlequescPa Bl RPTENY. ChGrRy FeehhyHRS AERntF I3RS tQverter

componentstal gRde e ansthie sionfasiidrigiiner DTS paqeiianesh ahvpatsd e cables for transmitting
DC power subsea are typically smaller and more cost efficient relative to conventional umbilical cables
for ransmitl RS S IAP GO RAB orib A AFLIREYp e A TS Py bRV HEE: power ine
may replacedtureaseparaiffidénoprdubotraramissdrifodivansmitiogdbese- TWIS, in subsea

2010/110952P9T/P8201 /024337 220 IZ?.-OSl 353PC1 ghaﬁe rAC PQuer iq coqventional umbilical
ications_where power is delivered over relatively long stepsout, distances, ..
cables. FurtﬁBP, eCAlE ESHRLEA Vahianie requency mverter Pegg 39,) 1< 15EAR relatively near the

AC powerecsedmgeaﬁmwe{ésgqummﬁmw&te ﬁransmimqrfrofrﬁtﬁqagu/e;e‘a dxﬁte@rtgr to the qud is
transmitted 8'\?’?%&@%@@'mnq{wﬁmﬁiéﬁg@w'rﬁg"{%Qg or eliminating potentially undesirable

harmonics and reflective waveforms typically"associated with transmission of AC power over long

distances. Aggiignally, Refrause MYy 1BRPRIERHAKPONEGERERRP My 8RS dFR@HRNEY drive is

located subsea, the number of subsea electronic components is reduced. As will be appreciated, this
may advantftfe AP hremaeToPRaHRBEER IHBIR Wi AR ERGtARiESWReaNH a subsea

production sysieiieay, WalliepRHEAMD BIREIE VRbrIBRANBRANCS: SR IRH tandr repair of such
equipment. [0057]While the invention may be susccgeotible to various modifications and alternative

forms, specHi@RmboRiRaIRa R 6 I LA N5 P RPYFLAARYRISH N HRRAHIR Ihé Have been

described inpdetel thatemistionver e siravld heltaydersangsthasihe Rufentionfisnes tnkended to be
limited to theLPartic%azr f? s di qgge% Rather, the invention is {o coger all madifications, equivalents,
¢ .

and alternatlver\s/ef%lllng’W| inthe spirit AT s%%%%sof'lﬂ% TRVERTOh tarllse g m%?isr%'/oﬂw following

appended ckffiviency of three-phase AC power transmitted at 15Hz, 30Hz, and 60Hz,
respectively, over a step-out range from 0 to 700 kilometers (e.g., the x-axis of
graph 120) from a main surface AC power source (e.g., source 34 on surface
vessel 12). As discussed above, lowering the frequency of the AC power may
marginally improve the transmission efficiency to some degree. For instance, as
shown in the graph 120, the transmission of AC power at 15Hz (curve 122) is
more efficient relative to the transmission of AC power at 30Hz (curve 124) and
60Hz (curve 126). However, when compared to the transmission of DC power
(curve 128) at a comparable voltage, the transmission efficiency (e.g., the y-axis
of graph 120) for each of the AC power curves 122, 124, and 126 reduces
significantly as the step-out distance from a surface AC power source 34

increases. For example, between step-out distances of approximately 100 to



WO 2010/110952PCT/US2010/024337 230TD-031 353PC1 CLAIMS 1.A system, comprising: a
subsea inverter configured to be located at a subsea location and configured to receive DC power
transmitted WEh3HELMATe vessel of the system, wherein the inverter is conRglifes28d043&rt the DC
power into AC power to drive one or more subsea loads. 2The system of claim 1, wherein the one or
more subsea loads comprises one of a pump, a campressor, a motor, an iodUTH3IN BEZPC R
multiphase pump motor, a raw seawater injection pump motor, a separation system pump motor, or
some combination thereof 3The system of claim 1, wherein the one or more subsea loads comprises a
plurality of sabdéddoadsrsaridentreremitbiers\sffaienonfpritesa poaser AiStpbwtomn sgsteraconfigured to
receive the AC Eower frqg? tr%fbinverter anﬁiets% _d_iﬁt&i ute the A(t:e %W%fs?t drive efach of the plurality of

O a Xima rcent or er S ance
subsea Ioadts. PiRe systgm of Clain , comprising: an i\c,apo er source conrigured to be located on

the surface appselirnattiy elifidoomidicurine toaberussited effitieacyudhédvesnset; is further

reduced to less than 20 percent.

[0055] In comparison, the transmission of DC power at a comparable voltage,
as represented by the curve 128, is much more efficient than AC power
transmission, even at long step-out distances. For example, as shown by the
curve 128, at a step-out distance of approximately 300 kilometers, the
transmission efficiency of DC power is still greater than at least 90 percent. At a
step-out distance of approximately 700 kilometers, the transmission efficiency of
DC power does slightly decrease, but still remains relatively high at
approximately 85-90 percent efficiency when compared to the AC power curves
122, 124, and 126, which may transmit only at approximately 10 percent
efficiency at the same distance. Thus, in order to drive a similar AC powered
subsea load at the same step-out distance, substantially more AC power would
need to be transmitted in order to compensate for the inefficiencies and line

losses that may occur during AC transmission.

[0056] As discussed above, the presently disclosed techniques may offer
several advantages over conventional subsea production applications. For
instance, by utilizing a split variable frequency drive in which DC power is
generated on a surface vessel and transmitted to a subsea inverter, power
transmission is generally much more efficient relative to transmitting AC power
from a surface AC power source to a subsea variable frequency drive (e.g.,
having rectifying, filtering, and inverter components all located subsea) or from a
surface variable frequency drive to a subsea load (e.g., having rectifying, filtering,
and inverter components all located on the surface). Further, as mentioned
above, umbilical cables for transmitting DC power subsea are typically smaller
and more cost efficient relative to conventional umbilical cables for transmitting
AC power subsea to drive an AC powered load. For instance, a single DC power

line may replace three separate AC conductors required for transmitting three-



wherein the AC power source is configured to supply AC power to the rectifier, and wherein the
rectifier is configured to convert the AC power into the DC power. 5. The system of claim 4, wherein
the DC powBCHHYE &by the rectifier is first filtered using a DC filter priorReTeSHA4g3the DC
power to the inverter. 6. The system of claim 5, comprising a cathode configured to be located subsea
and coupled to the inverter and an anode configureg to be located WO OTD-031 353PCT
2010/110952PCT/US2010/024337 240TD-031 353PC1 subsea and coupled to one of the rectifier or
the DC filter on the surface vessel, wherein the cathode and anode define a current return path
through watphase N@:mysterm aochadmtid nalhereiitiche cablgswensioenchetappbeth ¢hsabsghase AC

power. 8. Thensé%srzet}e]m of claim. 1, whergin a @roxmat IX 7 ‘o 10 k|IovoIt%ésAr8nsmltte%to the inverter,

and wherein' the |nve??gruggﬁ¥éﬂg%ﬁ%r %,‘qpo e'rslrll gaagprgex?%\é?glynﬁag megawgﬂ\év%rfe C power for

driving the cvbeeanoss s‘.algseaab_aﬁ@ pgmh@avstdﬁedffmm mnimheﬂnvéotméslmlosed
within a 5”%%%’%%9%5%9%@?@15&%@19 WisHase iR dacale s RSl eV el verter. 10. The

system of claim 1, wherein the system comprises a subsea production system.
potentially undesirable harmonics and reflective waveforms typically associated

with transmission of AC power over long distances. Additionally, because only
the inverter component of a split variable frequency drive is located subsea, the
number of subsea electronic components is reduced. As will be appreciated, this
may advantageously provide for reduced heat output from subsea electronics
used in a subsea production system, as well as streamline retrieval, maintenance,

servicing, and/or repair of such equipment.

[0057] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.



11. The system of claim 1, wherein the inverter is communicatively coupled to a subsea control
module configured to control the frequency of the AC power supplied by the inverter for driving the one
or more sub¥&x238d49932. An umbilical, comprising: an outer insulating layBeTaR010/08 &}Rgle DC
power line enclosed within the outer insulating layer and configured to transmit a DC voltage from a
surface vessel to a subsea inverter to drive at leaspgne AC powered subseroad.1 383P0& umbilical of
claim 12, comprising a current return line enclosed within the outer insulating layer. WO
2010/110952PCT/US2010/024337 250TD-031 353PCT 14. The umbilical of claim 12, comprising one
or more of a control line, a hydraulic line, or a chemical line, or some combination thereof enclosed
within the oytepipsglating layer. 15. The umbilical of claim 12, wherein the diameter of the DC power
line is smaller relative to the diameter of an AC power line rated for transmitting a similar voltage. 16.
The umbilical of claim 12, wherein the DC power line is configured to transmit approximately Ito 10

kilovolts. 1, A system, comprising:
a subsea inverter configured to be located at a subsea location and
configured to receive DC power transmitted from a surface vessel of the system,
wherein the inverter is configured to convert the DC power into AC power to drive

one or more subsea loads.

2. The system of claim 1, wherein the one or more subsea loads comprises
one of a pump, a compressor, a motor, an induction motor, a multiphase pump
motor, a raw seawater injection pump motor, a separation system pump motor,

or some combination thereof.

3. The system of claim 1, wherein the one or more subsea loads comprises a
plurality of subsea loads, and wherein the system comprises a power distribution
system configured to receive the AC power from the inverter and to distribute the

AC power to drive each of the plurality of subsea loads.

4. The system of claim 1, comprising:
an AC power source configured to be located on the surface vessel; and
a rectifier configured to be located on the surface vessel,
wherein the AC power source is configured to supply AC power to the
rectifier, and wherein the rectifier is configured to convert the AC power into the

DC power.

5. The system of claim 4, wherein the DC power converted by the rectifier is

first filtered using a DC filter prior to transmitting the DC power to the inverter.

6. The system of claim 5, comprising a cathode configured to be located

subsea and coupled to the inverter and an anode configured to be located



17. The umbilical of claim 12, wherein the DC power line is configured to transmit DC power provided
by a rectifier and a DC filter, each configured to be located on the surface vessel. 18. An umbilical,
comprising: WO 28143, of DC power lines, each configured to transmit aPOTNRAAY BB a surface
vessel to a respective one of a plurality of subsea inverters, each of the inverters being configured to
provide AC power to a respective one of a plurality2af AC powered subseadaame31953eTumbilical of
claim 18, wherein the plurality of AC powered subsea loads comprises one or more of a pump, a
compressor, a motor, an induction motor, a multiphase pump motor, a raw seawater injection pump
motor, a seatadEn sys ey pedio mndosf trescntifieombination fitterewd. 1RO siriaysterssedmprising:

a rectifier anchDC filter co ggred té)anolc?c%teg gn a surface esseld%nggconf d to supply DC

§ e Ca current retur
power to a remotely located subsea inverter The System of claim gmprlsmg WO

2010/110952PCT/U82010/024337 260TD-031 353PC_1 an AC power source configured to be
located on the surfage VESRah H1% A ROWRERAH 6% DEE S SRETIGBIRELASHRRY MfeDPHgLLC the

rectifier;
AC power.

8. The system of claim 1, wherein approximately 7 to 10 kilovolts is
transmitted to the inverter, and wherein the inverter converts the DC power into
approximately 2-5 megawatts of AC power for driving the one or more subsea

loads.

9. The system of claim 1, wherein the inverter is enclosed within a subsea

enclosure comprising an interface to facilitate subsea retrieval of the inverter.

10.  The system of claim 1, wherein the system comprises a subsea

production system.

11.  The system of claim 1, wherein the inverter is communicatively coupled to
a subsea control module configured to control the frequency of the AC power

supplied by the inverter for driving the one or more subsea loads.

12. An umbilical, comprising:

an outer insulating layer; and

a single DC power line enclosed within the outer insulating layer and
configured to transmit a DC voltage from a surface vessel to a subsea inverter to

drive at least one AC powered subsea load.

13.  The umbilical of claim 12, comprising a current return line enclosed within

the outer insulating layer.



wherein the rectifier is configured to convert the supplied AC power into DC power; and wherein
the DC filter is configured to filter the DC power prior to supplying the DC power to the subsea inverter.
22. The sysWM2B1¢H#PS21, wherein the supplied AC power is three-phase I b&#EP/02833The system
of claim 20, wherein the DC power is supplied to the subsea inverter using a DC power line enclosed
in an umbilical. 24. The system of claim 20, where®s the subsea inverter isoxpHigures3@PaEDNvert the
DC power into AC power for driving a subsea load. 25. A method, comprising: supplying AC
power to a rectifier circuit using an AC power source located on a surface vessel; converting the
supplied AC1poweiTintouDGilzlvef oisiing 1Re cectifieiraranié locatectaf theositrdh dieesessel; and

transmitting ﬁhSr:E?(ﬁ QPpwer to a invert?r located at a subs[;)elzr(?l ocation remote fror’cq Wiﬁ_?snurface vessel,
[ ed

: : ne, Qr a chemical line; gr some co IQn”theredf enclase Y
wherein the INVErter is cdn%gure(fto convert the Transmi power 1nto ite: power for driving one or

more subsethtadter IBURHimgn@yryd of claim 25, comprising filtering the DC power using a DC filter
located on the surface vessel prior to transmitting the DC power to the inverter. 27. The method of
claim 25, wherein transmitting the DC power comprises transmitting a voltage within a range of
approximatelp -1 kiilbyevbilgaiielslaim 12, wherein the diameter of the DC power line is

smaller relative to the diameter of an AC power line rated for transmitting a

similar voltage.

16. The umbilical of claim 12, wherein the DC power line is configured to

transmit approximately 1to 10 kilovolts.

17. The umbilical of claim 12, wherein the DC power line is configured to
transmit DC power provided by a rectifier and a DC filter, each configured to be

located on the surface vessel.

18. An umbilical, comprising:

a plurality of DC power lines, each configured to transmit a DC voltage
from a surface vessel to a respective one of a plurality of subsea inverters, each
of the inverters being configured to provide AC power to a respective one of a

plurality of AC powered subsea loads.

19.  The umbilical of claim 18, wherein the plurality of AC powered subsea
loads comprises one or more of a pump, a compressor, a motor, an induction
motor, a multiphase pump motor, a raw seawater injection pump motor, a

separation system pump motor, or some combination thereof.
20. A system, comprising:
a rectifier and DC filter configured to be located on a surface vessel and

configured to supply DC power to a remotely located subsea inverter.

21.  The system of claim 20, comprising:
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DC power is transmitted to the inverter using a DC conductor enclosed within an umbilical.
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an AC power source configured to be located on the surface vessel, the
AC power source being configured to supply AC power to the rectifier;

wherein the rectifier is configured to convert the supplied AC power into
DC power; and

wherein the DC filter is configured to filter the DC power prior to supplying

the DC power to the subsea inverter.

22. The system of claim 21, wherein the supplied AC power is three-phase AC

power.

23. The system of claim 20, wherein the DC power is supplied to the subsea

inverter using a DC power line enclosed in an umbilical.

24, The system of claim 20, wherein the subsea inverter is configured to

convert the DC power into AC power for driving a subsea load.

25. A method, comprising:

supplying AC power to a rectifier circuit using an AC power source located
on a surface vessel;

converting the supplied AC power into DC power using the rectifier circuit
located on the surface vessel; and

transmitting the DC power to an inverter located at a subsea location
remote from the surface vessel, wherein the inverter is configured to convert the

transmitted DC power into AC power for driving one or more subsea loads.

26. The method of claim 25, comprising filtering the DC power using a DC
filter located on the surface vessel prior to transmitting the DC power to the

inverter.

27. The method of claim 25, wherein transmitting the DC power comprises

transmitting a voltage within a range of approximately 1 kilovolt to 10 kilovolts.
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28. The method of claim 25, wherein the DC power is transmitted to the

inverter using a DC conductor enclosed within an umbilical.



