EX1ENDING THE LIFE OF A COMPROMISED UMBILICAL FIELD OF INVENTION [0001]The
present invention relates to extending the life of a compromised umbilical. BACKGROUND OF THE
INVENTION [0002]One of the most common problems with a subsea umbilical between a fluid
extraction well surface platform and a well complex is degradation of the insulation impedance
between internal conductors of the umbilical and earth, i.e. the surrounding sea water. In practice, the
umbilical is compromised by the in ingress of sea water, causing the capacitance between the
conductors and earth to increase substantially, with resultant increase of leakage currents and less

power available for theERdIFEYMPIEXT MiRid IkeRtich eRABRRAM R K MBHId Gidblem by saving the

need to replace the umbilical. [0003]Various systems for providing electrical power to an underwater
location are described in: GB-A-2 332 220; GB-A-2 382 600; W001/84689; W002/37640; US-A-5 444
184; US-A-4 646,083; US-A-4 636 934; \Wd1P7@H8\FNAIDY80 025; and US-A-6 045 333.
SUMMARY OF THE INVENTION [0004]According to the present invention from one aspect, there is
provided a [0001] The present invention relates to extending the life of a compromised

umbilical.

BACKGROUND OF THE INVENTION

[0002] One of the most common problems with a subsea umbilical between a
fluid extraction well surface platform and a well complex is degradation of the
insulation impedance between internal conductors of the umbilical and earth, i.e. the
surrounding sea water. In practice, the umbilical is compromised by the in ingress of
sea water, causing the capacitance between the conductors and earth to increase
substantially, with resultant increase of |eakage currents and less power available for
the well complex. This invention enables a solution to this problem by saving the

need to replace the umbilical.

[0003] Various systems for providing electrical power to an underwater location
are described in: GB-A-2 332 220; GB-A-2 382 600; W001/84689; WO02/37640;
US-A-5 444 184; US-A-4 646,083; US-A-4 636 934; WO01/71158; US-A-4 080 025;
and US-A-6 045 333.

SUMMARY OF THE INVENTION

[0004] According to the present invention from one aspect, there is provided a
method of using an umbilical between a surface location and an underwater location
of an underwater fluid extraction well system, the umbilical carrying an electrical
power conductor and having been compromised by the leakage of current from the

conductor to surrounding water, the method comprising:



method of using an umbilical between a surface location and an underwater location of an underwater
fluid extraction well system, the umbilical carrying an electrical power conductor and having been
compromised by the leakage of current from the conductor to surrounding water, the method
comprising: converting electrical power from a source at the surface location at a first
frequency to electrical power at a second frequency, lower than the first frequency, or to DC electrical
power; transmitting said electrical power at the second frequency or said DC electrical power to
the underwater location via the conductor; and at the underwater location, converting said
electrical power at the $8EYRdI i@ GlRSHEGEL PR Do REAWEE Fbier I o tredl Yo @er HEA frequency

used by undepuqighadipmantcal Jorwell austemd f?&ﬁ@@?i%’ﬂ%ffﬁéﬂﬁé@‘%aﬁ@r@gtr&w power

used by underwater equipment of the well system is the same as the first frequency. [0006]The
umbilical coul@ B6r @RERFAEPBE&Eonnected to a distribution unit at the underwater location or to a

module at the underwaipxgention Refare a-AisHising uritAb tBe-wrll FEiRme 080 diyrixally, the
underwater location is on the bed of a body of water surrounding the umbilical.
electrical power to the underwater location via the conductor; and
at the underwater location, converting said electrical power at the second
frequency or said DC electrical power to electrical power at a frequency used by

underwater equipment of the well system.

[0005] Typicaly, the frequency of electrical power used by underwater equipment
of the well system isthe same as the first frequency.

[0006] The umbilical could, for example, be connected to a distribution unit at the
underwater location or to a module at the underwater location before a distribution

unit of the well system.

[0007] Typicaly, the underwater location is on the bed of a body of water

surrounding the umbilical.

[0008] Typicaly, the method included the steps of, at the underwater location,
monitoring electrical power from the umbilical and, if the voltage of the electrica
power is less than athreshold, the steps of: providing at the surface location means for
converting said electrical power from the source at the first frequency to said
electrical power at the second frequency or to said DC electrical power; and providing
at the underwater location means for converting the electrical power at the second
frequency or said DC electrical power to electrical power at said frequency used by
underwater equipment of the well system.

[0009] Alternatively, the method could have included the steps of, at the
underwater location, monitoring electrical power from the umbilical and, if the
voltage of the electrical power is less than a threshold, the steps of: causing first
converting means, at the surface location, to convert said electrical power from the
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[0008]Typically, the method included the steps of, at the underwater location, monitoring electrical
power from the umbilical and, if the voltage of the electrical power is less than a threshold, the steps
of: providing at the surface location means for converting said electrical power from the source at the
first frequency to said electrical power at the second frequency or to said DC electrical power; and
providing at the underwater location means for converting the electrical power at the second frequency
or said DC electrical power to electrical power at said frequency used by underwater equipment of the
well system. [0009]Alternatively, the method could have included the steps of, at the underwater

location, moriR¥FRyEE Bt EstI THRAVEREYOIR S E BlhemiiealiRavieripthba Rseane ibeanensietieadfdwer is less

than a threshgld, H\&-818RS SburAUIRY sl Vaitbia nesAtaihaeidace lpeatipRetp envert said
electrical power from the source at the first frequency to said electrical power at the second frequency

or to said DC'@fadaiAP SRt AR Y gelsirdl BRMEhAldhRERANY HROMEECK OhRIghaErRIgET $8kation, to
convert the elesigees B o scacaitifrgiensy asanls) Bieigeidcahaptenierelanl pover a

said frequency used by underwater equipment of the well system. [0010]According to the present
invention frorY&&§8ther aspect, there is provided an underwater fluid extraction well system,
comprising: a source of electrical power at a first frequency at a surface location; an umbilical for
transmitting electrical power from the source via an electrical conductor of the umbilical to an

underwater |68946h forAYSEOH) ehHRHiRREREHLI PMASH LB o ABREEs EReGntere is provided

an underwater fluid extraction well system, comprising:

asource of electrical power at afirst frequency at a surface location;

an umbilical for transmitting electrical power from the source via an
electrical conductor of the umbilical to an underwater location for use by underwater
equipment of the well system; and

means at the underwater location for monitoring electrical power from the
conductor, wherein the system further comprises:

first converting means for use at the surface location, for converting
electrical power from the source to electrical power at a second frequency, lower than
the first frequency, or to DC electrical power; and

second converting means, for use at the underwater location, for
converting such electrical power at the second frequency or said DC electrical power
to electrical power a a frequency used by said underwater equipment of the well
system, so that, if said monitoring means indicates that the voltage of electrical power
from the conductor is less than a threshold, said first converting means can be used to
convert electrical power from the source to said lower frequency or to DC, for
transmission via said conductor to the underwater location, and said second
converting means can be used to convert the electrical power at the second frequency
on the DC electrical power to electrical power at the frequency used by said

underwater equipment of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. la shows schematically a typical existing arrangement using an
umbilical; and



means at the underwater location for monitoring electrical power from the conductor, wherein the
system further comprises: first converting means for use at the surface location, for converting
electrical power from the source to electrical power at a second frequency, lower than the first
frequency, or to DC electrical power; and second converting means, for use at the underwater
location, for converting such electrical power at the second frequency or said DC electrical power to
electrical power at a frequency used by said underwater equipment of the well system, so that, if said
monitoring means indicates that the voltage of electrical power from the conductor is less than a
threshold, said first converting means can be used to convert electrical power from the source to said

lower frequengy to D gforiigasraissiemir SRJAORHIANEALRS N dRNYALBGIRRRIIH tARd Said
second converting means can be used to convert the electrical power at the second frequency on the
DC electrical PYHEO electrical power at the frequency used by said underwater equipment of the
system. BRIEF DESCRIPTION OF THE DRAWINGS [0011]Fig. la shows schematically a typical
existing arrangement using an umbilical; and [0012]Fig. Ib shows schematically an arrangement using
an embodiment of the invention. DETAILED DESCRIPTION OF THE INVENTION [0013]Referring first
to Fig. la, this shows schem&lflehfyl laiiiaPekidihPN OF THE INVENTION

[0013] Referring first to Fig. 1a, this shows schematically a typical existing
arrangement of a surface platform 1 with an AC electrical power source 2 (typically
operating at 50 or 60 Hz) connecting to the power conductors within an umbilical 3
via an electrical power and control module (EPCM) 4. The seabed end of the
umbilical 3 connects to a distribution assembly 5 on the seabed B, the assembly 5

feeding electrical power to amultiplicity of wells via power connections 6.

[0014] Referring to Fig. 1b, this shows schematically an arrangement operating
according to an embodiment of the invention. In Fig. 1b, items which correspond
with thosein Fig. 1a have the same reference numerals as Fig. 1a. The umbilical 3 has
been compromised by the ingress of sea water, causing the capacitance between its
power conductors and earth to increase substantially with resultant increase of leakage
currents and less power available to the well complex.

[0015] An electronic converter 7 is instaled in the EPCM 4 and receives AC
electrical power from source 2 (typically at 50 or 60 Hz) and outputs el ectrical power
a a lower frequency. A frequency of 16 2/3 Hz is a favoured choice as
communications on power (COP) electrical power control equipment operating at this
frequency is readily available as a result of this frequency being a standard for the
railway industry. A possible alternative is for the converter 7 to be one which ssimply
rectifies the AC input power to produce DC electrical power and thus feed this DC
electrical power down the umbilical 3 instead of AC electrical power. Both lower
frequency AC and DC will substantially overcome the initial problem with the

increased capacitance of the insulation of the compromised umbilical 3.

[0016] At the seabed end of the umbilical 3, a second electronic converter 8 is
installed in the distribution assembly 5 or, as a possible aternative, is housed in a
module on the seabed B and connected to the end of the umbilical 3 before it reaches

4



arrangement of a surface platform 1 with an AC electrical power source 2 (typically operating at 50 or
60 Hz) connecting to the power conductors within an umbilical 3 via an electrical power and control
module (EPCM) 4. The seabed end of the umbilical 3 connects to a distribution assembly 5 on the
seabed B, the assembly 5 feeding electrical power to a multiplicity of wells via power connections 6.
[0014]Referring to Fig. Ib, this shows schematically an arrangement operating according to an
embodiment of the invention. In Fig. Ib, items which correspond with those in Fig. la have the same
reference numerals as Fig. la. The umbilical 3 has been compromised by the ingggss of sea water,

causing the dBB&kHEREE PEFEEN oG AdH | eEsHoRR) Eig BlermerRyades ShatH firpgeith

resultant iNCreasReQiRAKGIRSAIEE B ARl JBRSiBRWE NS YBHAEIRL® Heearvel BREIRLEK JER&SH N
electronic converter 7 is installed in the EPCM 4 and receives AC electrical power from source 2

(typically at 50D SN U e |38 RUEPHERECHT Gl RRBiealiie R- 0l RehrBeVENEWRBIYL6 2/3 Hz is
a favoured chipigaere WH@W%%@%rW{eWi%@%ﬂr eaRipRbeaHiPRBRePPerating at

this frequency is readily available ‘as a result of this frequency being a standard for the railway

industry. A p&S5iELQtSPative is for the converter 7 to be one which simply rectifies the AC input

power to produce DC electrical power and thus feed this DC electricﬁa}legower down the umbilical 3
[

instead of AG M&&rical TEEERE M 1WHED i oftreh QPRcAsHRi eedifnet BER MM eRlerb S the initial
problem withjaeoifereRfprbaRsRPilRAS asTolNgVa St atiarent thel ¢RoMRYMIS eguiiridlical 3 tHRO16]At the

seabed end of the umbilical 3, a second electronic converter 8 is installed in the distribution assembly

5 or, as a poSYIBRNAErHQRALONs FLSEATIN'E HFSRIBVY Rk WsHIEH BUNOE @SRRBRSPXPEh8 end of the
umbilical 3 beferRilie RAcRES, e istitiAianeasteEly powher astald poatipraidhedrdbagigeconverter 8

will depend on the existing jnstallation configyration. The converter 8 recejves electrical power at the
lower frequerlrﬂ)g'i' @%%11 Bﬁﬂ%%‘?&%‘,’fhg% Fjafi%%%ﬁfa%&ﬁewﬁwmq% &0 for use by
underwater eigidiipatient ohtite vied lepialeinal Pexeteonieerans 4.469 1of Thedtepsdnawbich it had

b determined that th bilical 3 had
e determ e TSR Ry using aremordly opereted veicle (ROV).

[0018] Alternatively, the converters 7 and 8 could be pre-installed at the surface
location and subsea respectively, and switched into operation in the EPCM 4 and in
the distribution assembly 5 or module if the monitoring equipment 9 indicates that the
voltage of power from the power conductors in the umbilical 3 drops below a
threshold.

[0019] The present invention allows the problems of an umbilical which isfailing
due to water ingress to be substantially overcome, thus alowing a prolonged life for a
well complex without having to replace the expensive umbilical.



become compromised were as follows. If conventional monitoring equipment 9 at the underwater
location, for example (as shown) at the distribution assembly 5 or a module before it, indicated that the
voltage of power from the power conductors in the umbilical 3 had dropped below a threshold,
detection of this at the platform 1 is an indication, on the one hand, to install inverter 7 in EPCM 4 and,
on the other hand, to install inverter 8 subsea, typically using a remotely operated vehicle (ROV).
[0018]Alternatively, the converters 7 and 8 could be pre-installed at the surface location and subsea
respectively, and switched into operation in the EPCM 4 and in the distribution assembly 5 or module if
the monitoringletylbthent 9 indicates that the voltage of power from the power conductors in the

umbilical 3 drpps bejoyaribirsnaihd A LRHHNR-ABERMR ERHRRS s h 2 ohlaRe:l a8 umbilical

which is failing due to water ingress to be substantially overcome, thus allowing a prolonged life for a

well complex! GFHON A g RSeRpHERe HuidRpEadion yabirysiens LRaVERI gah eIy &sing an
umbilical beturepia-pponer dBRAIGBITBH FaYRAARYHANIOGAISN AR TUaNSH ke BuligGraction well

system, the umbilical carrying an electrical power conductor for transmitting to the underwater location

electrical poWEMrchPaUEeR Alethe tRid 1aGH 4 oeaiiRa b rPaki EifETHERGVNESY, 16ELRY BYdhWEVater

equipment ofddg pRiheYH tREWHIES)RESRD eheRrRRIING i thfsteps getecting that the umbilical has
been compromised by the ingress of water and, in response thereto: converting electrical power

from the source to electrical power at a second frequency, lower than the first frequency, or to DC

electrical power;  duRogAYHNE SdupHRRideRHagWeERCHIRFERPa fESoHRNMGRIss A Waeplectrical
power to the underwater location via the conductor; and
and, in response thereto:

converting electrical power from the source to electrical power at a second
frequency, lower than the first frequency, or to DC electrical power;

transmitting said electrical power at the second frequency or said DC electrical

power to the underwater location viathe conductor; and

at the underwater location, converting said electrical power at the second
frequency or said DC electrical power to electrical power at a frequency used by the
underwater equipment of the well system.

2. The method of claim 1, wherein the frequency of electrical power used by

underwater equipment of the well system is the same as the first frequency.

3. The method of clam 1, wheraein the umbilical is connected to a distribution

unit at the underwater location.

4, The method of claim 1, wherein the umbilical is connected to a module at the
underwater location before a distribution unit of the well system.

5. The method of claim 1, wherein the underwater location is on the bed of a

body of water surrounding the umbilical.



at the underwater location, converting said electrical power at the second frequency or said DC
electrical power to electrical power at a frequency used by the underwater equipment of the well
system. 2. The method of claim 1, wherein the frequency of electrical power used by underwater
equipment of the well system is the same as the first frequency. 3. The method of claim 1, wherein the
umbilical is connected to a distribution unit at the underwater location. 4. The method of claim 1,
wherein the umbilical is connected to a module at the underwater location before a distribution unit of
the well system. 5. The method of claim 1, wherein the underwater location is on the bed of a body of

water surrouffding tH&'@fmsties) of &l at Ak Inwheigi Br sl FeleGiRg rdRP I ARIUgSRCIANH Q) iKt8udes
monitoring thgoyeliaqs aleelREHICRARIWRINT A8 UhSoHTBRIERILR inSs daRiPRUE BRGNS aRHEN that the

umbilical has been compromised by the ingress of water if the voltage is less than a threshold. 7. The
method of cldlif UTRINEH [Rehees creRiepsset: by theingrasebiwaleht the nhisarda | resthaen

compromised, pyrdagaiporess of water, providing means at the surface location for converting said
electrical power from the source at the first frequency to said electrical power at the second frequency
or to said DC electrical power; and providing at the underwater location means for converting the

electrical power at the,sae@RsUIERQUEALY, Wil kfudis Bhacabmayyer to electrical power at said
frequency used by underwater equipment of the well system. 8. The method of claim 1, which

includes the steps of:
if it is detected that the umbilical has been compromised by the ingress of

water, providing means at the surface location for converting said electrical power
from the source at the first frequency to said electrical power at the second frequency

or to said DC electrical power; and

providing at the underwater location means for converting the electrical power
at the second frequency or said DC electrical power to electrical power at said

frequency used by underwater equipment of the well system.
8. The method of claim 1, which includes the steps of:

if it is detected that the umbilical has been compromised by the ingress of
water, causing first converting means, at the surface location, to convert said electrical
power from the source at the first frequency to said electrical power at the second

frequency or to said DC electrical power; and

causing second converting means, at the underwater location, to convert the
electrical power at the second frequency or said DC electrical power to electrical

power at said frequency used by underwater equipment of the well system.

0. A method of using an umbilical between a surface location and an underwater
location of an underwater fluid extraction well system, the umbilical carrying an
electrical power conductor for transmitting to the underwater location electrical power
from a source at the surface location at a first frequency, for use by underwater
equipment of the well system, the method comprising the steps of:
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if it is detected that the umbilical has been compromised by the ingress of water, causing first
converting means, at the surface location, to convert said electrical power from the source at the first
frequency to said electrical power at the second frequency or to said DC electrical power; and

causing second converting means, at the underwater location, to convert the electrical power at the
second frequency or said DC electrical power to electrical power at said frequency used by underwater
equipment of the well system. 9. A method of using an umbilical between a surface location and an
underwater location of an underwater fluid extraction well system, the umbilical carrying an electrical
power conductor for transmitting to the underwater location electrical power from a source at the

surface location at afsi{FrOtRR e ARBRFCHY KRISEAARINSSBIABEN LY the inglbsy Sielarde method
comprising the steps of: detecting that the umbilical has been compromised by the ingress of

water and, in3¥SBRSIPENSRSRIEO: converting electrical power from the source to electrical power at a
second frequency, lower than the first frequency, or to DC electrical power; transmitting said
electrical power at the second frequency or said DC electrical Power to the underwater location via the

conductor; and  &PfYEURE e5abBRYh, fEamy B8 SOWSR eI SteRE s RRwEeRBind SRHHd

frequency or gaifl, e|BRIEICHAANES & BlaFiERE) RIME DR adeadeg ponesed by the underwater
equipment of the well system, wherein: the frequency of electrical power used by underwater

equipment of the well system is the same as the first frequency; and said detecting step includes

monitoring the voltagergfrflgaiealiRpuardppbilte srikilicabier raquihareruainbandeeinaton that the

umbilical has been compromised by the ingress of water if the voltage is less than a threshold. 10.The

method of cldIRVE" iR URLRyEESThecatiqssvis the conductor; and

at the underwater location, converting said electrical power at the second
frequency or said DC electrical power to electrical power at a frequency used by the

underwater equipment of the well system, wherein:

the frequency of electrical power used by underwater equipment of the well
system is the same as the first frequency; and

said detecting step includes monitoring the voltage of electrical power from
the umbilical for use in producing an indication that the umbilical has been
compromised by the ingress of water if the voltage isless than a threshold.

10.  Themethod of claim 9, which includes the steps of:

if it is detected that the umbilical has been compromised by the ingress of
water, providing means at the surface location for converting said electrical power
from the source at the first frequency to said electrical power at the second frequency

or to said DC electrical power; and

providing at the underwater location means for converting the electrical power
at the second frequency or said DC electrical power to electrical power at said

frequency used by underwater equipment of the well system.



if it is detected that the umbilical has been compromised by the ingress of water, providing means at
the surface location for converting said electrical power from the source at the first frequency to said
electrical power at the second frequency or to said DC electrical power; and providing at the
underwater location means for converting the electrical power at the second frequency or said DC
electrical power to electrical power at said frequency used by underwater equipment of the well
system. if it is detected that the umbilical has been compromised by the ingress of water, causing
first converting means, at the surface location, to convert said electrical power from the source at the

first frequenciko saithelReties Fahabma. bisB asldes iR FEPRfio said DC electrical power; and

causing second converting means, at the underwater location, to convert the electrical power at the
second frequency or said DC electrical power to electrical power at said frequency used by underwater

equipment of the wéll Hyktelprestech g e watel i extesl P meIcsy seehbYcBIR pREigeSE &fsource of
electrical powgsat 3dilShi FRSRDPY GiAPHIEARS e SN face RRAIBIN IS bIY/HaRRIUERE @lectrical

power from the source via an electrical conductor of the umbilical to an underwater location for use by

underwater RN BB ARRSAHERS 1R fislal reauRnEY O ferl e SlEtiHgl VY Re A rHifIRRA9Ns been

compromised iy {Bf{er 65 s aleledieaeidiie; eyfem further comprises: first converting
means, for use at the surface location, for converting electrical power from the source to electrical

power at a second frequency, lower than the first frequency, or to DC electrical power; and second

converting means, fex l4ffRddtmARBRNMATRY I9RaHS Na B ORMERIBES HSdatRdRCiicabRgMefhat the
second frequency or said DC electrical power to electrical power at a frequency used by said

underwater egEFHHEhPOH e Fdlesyerend LeaHstcy idaidiB&iReriasAshRYRatesarsliR umbilical
is compromisgshy dhsxiagregsetWaied BRidndEhweavaitinenat ansHeandiesigeshto convert electrical

power from the source to said second frequency or to DC, for transmission via said conductor to the

12.  Anunderwater fluid extraction well system, comprising:
asource of electrical power at afirst frequency at a surface location;

an umbilical for transmitting electrical power from the source via an electrical
conductor of the umbilical to an underwater location for use by underwater equipment

of the well system; and

means for detecting that the umbilical has been compromised by the ingress of

water, wherein the system further comprises:

first converting means, for use at the surface location, for converting electrical
power from the source to electrical power at a second frequency, lower than the first

frequency, or to DC electrical power; and

second converting means, for use at the underwater location, for converting
such electrical power at the second frequency or said DC electrical power to electrical
power at a frequency used by said underwater equipment of the well system, so that,
if said detecting means indicates that the umbilical is compromised by the ingress of
water, said first converting means can be used to convert electrical power from the

source to said second frequency or to DC, for transmission via said conductor to the
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underwater location, and said second converting means can be used to convert the electrical power at
the second frequency or the DC electrical power to electrical power at the frequency used by said
underwater equipment of the system. 13.The system of claim 12, wherein said detecting means
comprises means for monitoring the voltage of electrical power from the umbilical for use in producing
an indication that the umbilical is compromised by the ingress of water if the voltage is less than a
threshold.

underwater location, and said second converting means can be used to convert the
electrical power at the second frequency or the DC electrical power to electrica

power at the frequency used by said underwater equipment of the system.

13.  The system of clam 12, wherein said detecting means comprises means for
monitoring the voltage of electrical power from the umbilical for use in producing an
indication that the umbilical is compromised by the ingress of water if the voltage is
less than a threshold.
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