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Power Supply Device

The present invention relates to a power supply device, particularly for use in maritime oil
andfor gas production. One or several electrical means are here arranged on the seabed
or at least below sea level. Such electrical means are for instance gate valves, chokes,
so-called production trees, or the like, which can be fed and controlled either directly or

via a power supply and control device.

With a corresponding power supply for such means and apparatuses, the cabling efforts
are considerable because due to electrification the distance, in particular, betweena
drilling apparatus or driling platform and the corresponding means can be much Iargef

than in hydraulically operated means.

The present invention improves a corresponding power supply device such that power
supply is also ensured in the case of reduced cabling efforts for a long period of time and

can also be maintained or repaired in an easy way.
This can be achieved by a power supply device of claims 1, 31 or 33, for example.

These power supply devices are, in certain instances, distinguished in that a
corresponding voitage supply device is arranged particularly above sea level and is
connected via a first cable connection to the electrical means and via a second cable
connectionto a subseé anode arranged below sea level, the electrical means having
assigned thereto a subsea cathode for closing the circuit. This means that at least a
section of the closed circuit is formed by subsea anode and subsea cathode that are
spaced apart from each other. The corresponding ‘line” between subsea anode and

~ subsea cathode is here formed by sea water. A direct current flows between subsea
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anode and subsea cathode through the sea water. The subsea anode can be arranged
on the seabed or also on a corresponding drilling apparatus, such as a tree or the like, at

a distance from the seabed,

As for the electrical means, it is of advantage when said means is fed not only with
voltage or current, but also with data or signals. This can e.g. be accomplished in that the
first cable connection is a data and voltage supply cable. One possibility of forming such

a data and voltage supply cable is a coaxial cable.

The corresponding subsea cathode may be connected via a cable connection to the
electrical means, so that it is arranged spaced apart therefrom. However, it is also
possible to connect the subsea cathode directly to the electrical means, and it is also
possible that the cathode is part of the electrical means or is formed at least by a part of

a housing of the means.

To be able to replace the subsea ancde on site by a diver or a submarine vehicle, the
subsea anode may comprise a subsea plug means for connection of a mating plug
means on the second cable connection. When the plug means is disengaged from the
mating plug means, the subsea anode can subsequently be transported to the sea
surface and later a new or repaired subsea anode can again be secured on site and

connected to the second cable connection.

it should here be noted that such a subsea anode may also disintegrate due to the
electrolysis process in the course of a few years, this process being per se known in
connection with direct current and aqueous solutions. To be able to reduce the current
density in the area of the subsea anode in this connection and, optionally, to be able to
vary the subsea anode in its arrangement at the same time, it may be of advantage
when the subsea anode comprises a series arrangement of individual anodes, of which
at least some are electrically connected to the second cable connection. The individual
anodes that are here not electrically connected to the second cable connection may e.g.
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be stored as substitute anodes that are able to replace other individual anodes during
repair or exchange, so that on the whole the power supply device must only be switched
off for such a repair or such an exchange for a short period of time. The switch-off period
is e.g. needed for electrically connecting one of the substitute anodes to the second

cable connection.

It is also possible to arrange the subsea anode or also each of the individual anodes for
instance directly on corresponding means of the tree, the drilling apparatus or the
production platform. However, in order to provide more variability in the arrangement of
the subsea anode, the subsea anode may be detachably arranged in a support frame.
Such a support frame can e.g. be fowered from the production platform by means of a
litting device down fo the seabed. Furthermore, the support frame may also be moved by
a submarine vehicle, or the like. This applies by analogy to a lifting mear;s of a supply

vessel for the production platform.

For a simple arrangement of the individual anodes the support frame for the subsea
anode or each individual anode may comprise a plug-in receptacle. The anode is
inserted in a corresponding manner into said plug-in receptacie, which operation may
e.g. also be performed by a diver. Itis removed in an analogous way.

An embodiment of such a support frame and particularly of the configuration of a
corresponding plug-in receptacle may be distinguished in that the support frame
comprises at least one bottom plate and a cover piate spaced apart therefrom, the plug-
in receptacle being formed at [east in the cover plate. A corresponding anode will then be
arranged by insertion into the plug-in receptacle until it stands on the bottom plate.

A simple possible configuration for such a plug-in receptacle can be seen in the measure
that said receptacle is configured as an insertion opening in the cover plate, said opening
substantially matching the cross section of the anode. It is here also possible that a

_ corresponding plug-in receptacle or insertion opening is also formed in the bottom plate,
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additional measures being optionally taken for holding the anode in a corresponding
pasition. It is further possible that the bottom plate, for instance, comprises a receiving
recess for a lower end of the anode so that the anode can thereby be fixed in accurate

position by receiving recess and plug-in receptacle.

However, in order not to be forced to adapt the plug-in receptacle or the insertion
opening very closely to the corresponding cross-section of the anode and, nevertheless,
in order to be able to support the anode at the side, lateral guides may be arranged

between cover plate and bottom plate for the anode.

A simple example of such lateral guides are guide rods extending between bottom and

cover plate. These may e.g. be configured as round rods.

To permit an adequate lateral guidance in this connection, three or more guide rods are

normally used.

The corresponding parts of the support frame, such as bottom plate, cover plate, or the
like, are formed in an advantageous manner from an electrically non-conductive material
or from a material of poor electrical conductivity, particularly from a plastic material. An

example of such a plastic material is polyethylene.

It might happen, especially in the vicinity of the drilling platform or the like, that heavy
objects may also fall into the water and possibly damage subsea anodes arranged near
the drilling platform. To protect said anodes from such objects that are falling down, the

support frame may comprise a cover arranged above the cover plate. To ensure

protection also against large objects in this connection, the cover may be a roof-shaped
protective cover tapering towards sea level. This cover may aiso be formed from an
electrically non-conductive material or a material of poor electrical conductivity,

particularly from a plastic material.
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To be able to connect lifting ropes or cables in an easy manner to the support frame for
lifting the iatter, the support frame may comprise one or several liting eyelets or the like.
These may also be used for fiting only the cover if this is needed for arranging or
removing the subsea anode or the individual anodes from the corresponding plug-in
receptacles. The cover can then again be mounted on the support frame.

To optimize power transmission between subsea anode and subsea cathode, it must be
considered as an advantage when the individual anodes are arranged side by side in
transverse direction perpendicular to the connection direction between subsea anode
and subsea cathode. This substantially yields a free electron flow between anode and

cathode.

The side-by-side arrangement may here be such that no anode is arranged in the
“shadow” of another anode with respect to current flow.

It is also possible to arrange the individual anodes in transverse direction in fwo or more
rows, each in staggered fashion. This staggered arrangement is also chosen for avoiding

the aforementioned "shadow”.

An example of a staggered arrangement is a zigzag arrangement in, for instance, two

transverse rows.

'Furthermore, attention should here be paid that the support frame on the whole is also
oriented in conformity with the subsea cathode, so that the individual anodes are
optimally arranged in the direction of the subsea cathode.

To assign the corresponding second cable connection to the subsea anode in a simple
way and at the same time, if necessary, to be able protect it from being pulled, the
support frame may comprise guide and/or strain relief means for the second cable

connection.
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To prevent a situation where for each of the individual anodes a second cable
connection is needed between voltage supply means and individual anode, the second
cable connection may comprise a number of individual cables for connecting a

corresponding number of individual anodes.

A corresponding guide and/or strain-relief means may here be provided on the support

frame for each individual cable.

As for electrical supply in the maritime oil or gas produgction sector, the corresponding
means and devices must be redundant. To ensure such a redundancy also for the
subsea anode, at least one second subsea anode can be arranged as a redundant
anode. This anode may be provided in accordance with the above-described subsea

anode with individual anodes, support frame, etc.

Likewise, further electrical means with subsea cathode are aiso provided as redundant
means, so that there are at least two complete systems, of which one system is a
redundant system. Redundancy may also encompass the voltage supply means above

sea level.

To be able to use both an outside and an inside of the individual anode for current flow,

the individual anode may advantageously be configured as a ‘perforated hollow body.

As a rule, the hollow body need not be sturdy, but may also be formed from a particularly

perforated sheet material.

A good material for such a sheet metal is titanium on account of its corrosion resistance.
To permit maximum protection of the anodes even in acid or base electrolysis processes,
such titanium sheets or aiso other sheet materials are provided with at ieast one coating
of metél mixed oxide. The shape of the corresponding individual anodes may be round,
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oval, but also angular in cross section. The above-mentioned plug-in receptacies or

insertion openings are formed with a corresponding cross-section.

A simple embodiment of a corresponding guide means may be seen in the feature that
the cover plate and/or the cover comprises laterally open guide slots for each individual
cable for each individual anode. The individual cables are inserted into the guide slots
from the open side and are guided in said slots. it is also possible to lock the individual
cables in the guide slots by corresponding means so that the individual cables are
prevented from exiting out of the guide slots.

The corresponding strain relief means may be formed in that the bottom plate for each
individual cable has assigned thereto an individual anode of a particularly eyelet-shaped
strain-relief receiving means. The individual cables are then running from the guide slots
downwards to the strain-relief receiving means, with corresponding strain loads being
passed through the cables to the support frame, so that no stresses or bending moments
occur on the upper anode terminals or subsea plug means. With the eyelet-shaped
configuration of the strain-relief receiving means it may further tum out to be
advantageous when the individual cable comprises an outer cast-on thickening that upon

“insertion into the strain-relief receiving means and after tightening is anchored there. A

strain refief that is operative for many years is thereby accomplished, and no further tools

are needed for assembly or detachment.

It is possible that parts of the support frame are formed from electrically conductive
material. To electrically insulate said pars as well, all of the electrically conductive parts
of the support frame may comprise at least one insulating and corrosion-resistant surface
coating. It is also possible that several coatings are applied, said coatings being e.g.

made from epoxy resin.

Systems are known in oil and gas production, in the case of which not only an electrical
means is fed, but a plurality of said means are arranged in parallel or in series relative to
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the first cable connection. To be able to feed all of said electrical means accordingly,
each of the electrical means may have assigned thereto a subsea cathode.

Thus the invention provides a power supply device that can be installed and maintained
easily. For instance, individual anodes can be replaced easily by a diver ora submarine
vehicle, particularly in the case of degp-sea applications. At the same time itis possible
according to the invention to store substitute anodes in the support frame, which
substitute anodes can be made operative rapidly. This can be done on the one hand in
that for instance an individual cable is switched from one individual anode to another
individual anode. On the other hand, it is also possible that already one or a plurality of
the substitute anodes are also electrically connected with an individual cable and a
corresponding power supply must just be activated. In this connection no diveror a

submarine vehicle is required.

As for a possible endangerment of a diver by the current flow, attention must also be
paid that the system is switched off when a diver is working near the support frame or the
subsea anodes. However, in order to ensure that there is no or only a minor risk for a
diver in the case of a system that is still operating, a maximum current density can be

fixed for the individual anodes.

The support frame and the subsea anodes with the individual anodes should always be
oriented accordingly relative to the subsea cathode to ensure a current flow that is as

high as possible by way of a free electron flow.

“The corresponding individual anodes are held for orientation and attachment by the

cover plate and optionally also the bottom plate, the individual anodes being inserted into
corresponding plug-in receptacles or insertion openings. These surround the individual
anodes in an upper portion, the lateral guides being further suited for centering and
positioning operations. Nevertheless, this permits an easy replacement without the use

of tools under water.
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It is self-evident that both the plates and the remaining parts of the support frame, such
as a cover or the like, may be provided for the purpose of a further stiffening measure

with stiffening ribs.

When the individual cables are mounted, the corresponding guide slots are first of all
inserted from the open side, and possibly locked in the guide slots. The individual cables
are then running from the guide slots towards the strain-relief receiving means, the
cables being inserted into said means and then tightened with the possibly cast-on

thickened portions and anchored therein.

Other assembiies of the individual anodes or also other structures of the support frame
are possible. For instance, in a further embodiment, the support frame above the bottom
plate may comprise electrically insulating carriers with recesses for a particularly form-fit
reception of the individual anodes. The cover plate can thereby be omitted, and instead
of this the recesses of the carriers directly form corresponding plug-in receptacles for the
individual anodes. They can be removed without difficulty from said receptacies for the

purpose of replacement or repair.

Also with such a construction of a support frame, several rows of individual anodes with a
corresponding staggered arrangement are possible. [t is also possible to use such a
support frame only for a small number of individual anodes, for instance one, two, three,

four, five or six.

Particularly with such a support frame of a reduced size and with a reduced number of
individual anodes, in order to prevent the frame from being moved by movements or
streams of the sea water, a ballast means may be assigned to the support frame. Such a
means may comprise inserted concrete weights or also concrete directly cast in by
means of reinforced concrete mesh. Furthermore, it is possible that ballast weights are
secured with the support frame in another way, for instance at the side. The ballast
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weights, particularly those of concrete, may be prefabricated and secured in a desired
number to the support frame, inserted thereinto or assigned to the support frame in

another way.

A simple possibility of forming corresponding recesses particularly for receiving the
individual anodes in form-fit fashion may be seen in that the recess is formed by carriers
arranged in parallel with one another. This can e.g. be accomplished in that each carrier
is provided at the side oriented towards the other carrier with a partial recess that has
assigned thereto a corresponding further partial recess in the other carrier. The two
partial recesses jointly form a recess for the form-fit reception of the individual anode.
The individual anode can particularly be pulled upwards out of said recesses or partial

recesses and replaced by another one.

Apart from the use of a ballast means, in order to secure the support frame, for instance,
to a drilling structure or assembly such as a tree or the like, the support frame may
comprise one or several holding eyelets. These can be fastened via cables, chains, or

the like, to the production platform.

A subsea cathode that is e.g. formed at least by a part of a housing of the electrical
means has already been described above. Said cathode is arranged in 2
correspondingly electrically insulated manner relative to the remaining members of the
electrical means and connected via an inner cabling to electronic or electrical members

existing in the electrical means. -

However, it is also possible that the subsea cathode is arranged spaced apart from the
electrical means and connected thereto via a connection cable. As a result, it is possible
to orient the subsea cathode independently of the arrangement of the electrical means
relative to the subsea anode and, optionally, to fasten the subsea cathode to a

production platform, a tree or the like.
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When such a drilling structure comprises a covering for repelling nets or the like, it is also
possible that the subsea cathode is arranged on or in such a cover of a drilling structure

or also integrated into said cover.

To be able to pass the connection cable between subsea cathode and electrical means
in a simple way through the cover, said cover may comprise a passage opening for the
connection cable or at least for a plug-in means of the connection cable and the subsea
cathode can be fastened particularly detachably in an electrically insulated manner to an

outside of the cover.

To electrically insulate the subsea cathode in a simple way relative to the cover, the
subsea cathode may be arranged on a support means of electrically insulating material.

A simple configuration for such a support means may be seen in the measure that said
means comprises a plate arranged on the outside of the cover and, optionally, spacer

elements projecting therefrom towards the subsea cathode. The spacer elements keep
the subsea cathode spaced apart from the outside of the cover and relative to the plate

of the support means.

A subsea cathode of a simple configuration may be distinguished in this connection in
that it is configured substantially in the form of a plate as a cathode plate. Said plate
extends substantially in paraliel with the outside or the plate of the suppost means.

To be able to connect the cathode piate in a simple way to the connection cable and the
corresponding plug means, a mating plug means may be arranged or configured ona
back side of the cathode plate that is oriented towards the passage opening of the cover.

A material that is particularly corrosion-resistant when used in sea water is e.g. a copper-

nickel-iron afloy for the cathode plate.
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To realize a connection between cathode plate and mating plug means in an easy
manner, at least an extension, which consists particularly of titanium, may be arranged
between mating plug means and cathode plate and has the corresponding mating plug

means connected thereto.

The plate of the support means and also the spacer elements may be made from a
plastic material such as polyethytene or the like. The spacer elements may particularly be

formed as plastic sleeves from said materiai.

The invention further relates to a subsea anode for such a power supply device with the

above-mentioned features.

An advantageous embodiment of the invention will now be explained in detail with
reference to the figures attached in the drawing, of which:

Fig. 1 is a schematic illustration of a power supply device according to the
invention for a production platform;

Fig. 2 is a side view of a subsea anode,

Fig. 3 is a view taken from direction "X of the subsea anode according to Fig. 2;

Fig. 4 is a top view on a subsea anode without cover,

Fig. & | is a perspective top view from above on a further embodiment'of a subsea
anode; '

Fig. 6 is a side view of the subsea anode according to Fig. 5;

Fig. 7 is a front view of the subseaanode according to Fig. 5;
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Fig. 8 is a schematic illustration of a subsea cathode according to an

embodiment of the invention;

Fig. 9 is a longitudinal section through the subsea anode according to Fig. &;
Fig. 10 is an enlarged illustration of detall “Y” of Fig. 9; and
Fig. 11 is a top view on the subsea anode according to Fig. 8.

Fig. 1 shows a power supply device 1 of the invention which is used in maritime oil and/or
gas production, for instance in a production platform or drilling apparatus 13 which is
arranged in part above sea level 37. A voltage supply means 3 is arranged on the
production platform. Said means is connected via a first cable connection 4 and first line
connection 35, respectively, to an electrical means 2 via a subsea connector 67 below
the sea level 37. The electrical means 2 is particularly arranged on the seabed 12.

A subsea anode 6 is also arranged on the seabed 12 or at the drilling apparatus 13 or
production platform. Said anode is also connected to the voltage supply means 3 via a
second cable connection 5. The subsea anode 6 is spaced apart from the electrical
means 2, with a subsea cathode 7 being assigned to said means. The subsea cathode
may be formed at least by a part of a housing 9 of said means. The spaced-apart
arrangement of subsea anode 6 and subsea cathode 7 results in a circuit section 39 in
which electron conduction occurs through the seawater between anode and cathode. On
the whole, the second cable connection 5 and said circuit section 39 form a second line

connection 36, the first and second line connection 35, 36 forming a closed circuit 38.

The subsea anode 6 comprises a subsea plug means 10 which can be brought into
engagement with a comesponding mating plug means 11 on the second cable
connection 5 for electrical connection. It should here be noted that the second cable
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connection 5 may be equipped, especially in the area of the subsea anode 6, with a
pluratity of individual cables 31, see also Fig. 3, of which each may have a corresponding

mating plug means 11.

The first cable connection 4 may e.g. be configured as a data and voltage supply cable

8, preferably as a coaxiat cable.

Current flow between subsea anode 6 and subsea cathode 7 takes place in connection

direction 27 between said two members.

According to Fig. 1 the electrical means 2 can serve power regulation and
communication with at least one or also several downstream contro! modules 61 which
are provided on site for controlling comresponding means, such as chokes, gate valves,

production trees, or the like.

As a rule, the electrical means 2 and also the control module 61 are provided at the top

on their housing with a lifting pin 62 by which the corresponding means can be
transported, for instance, by means of a remote-controlled submarine vehicle, or the like.

The corresponding subsea anode 6 comprises a support frame 16 (see also the
subsequent figures) in which a number of individual anodes 14, 156 are arranged. The
support frame comprises a cover 23 which as a protective cover 24 protects the
individual anodes 14, 15 against objects, or the like, that are falling down.

At lateral ends the support frame comprises holding eyelets 46 which are fastened via
holding ropes or holding chains directly to the drilling apparatus 13 or also to a distributor
means 68. The distributor means 68 itself may be fastened to the drilling apparatus 13 or
~ also accordingly to the seabed 12. The disiributor means 68 is provided at one side with
an entry for the second cable connection 5 and at the other side with corresponding
individuat cables 31 for connection of each individual anode 14, 135.



WO 2008/125135 PCT/EP2007/003306

15

In Fig. 1 and in the further figures, like parts are each provided with like reference

numerals and are described in part only in connection with one figure.

As for the electrical means 2 or the control modules 61, it should be noted that these
have arranged therein corresponding electrical andfor electronic components 60.

Fig. 2 is a side view of the subsea anode 6 with support frame 16 according to Fig. 1.
The support frame 16 comprises, for instance, two parallel longitudinal carriers 65 and
two transverse carriers 63 connecting the same at their ends. At the connection points of
longitudinal and transverse carriers 65, 63, vertical carriers 64 are arranged that at their

'upper ends extend in oblique fashion and serve the support of the protective cover 24.

Furthermore, said vertical carriers are provided at their ends with lifting eyelets 25 which
serve to lift the support frame on the whole, see the corresponding lifting eyelet of the

protective cover 24, so as to lift the cover.

- The corresponding support frame may also be secured to the drilling apparatus 13 in Fig.

1. Furthermore, it is possible to put the support frame directly on the seabed 12. In this
connection a so-called “mud mat” may e.g. be provided for the support frame. This is a

slab cast from concrete on the seabed.

The various individual anodes 14, 15 may have different cross-sections; see e.g. Fig. 4.
As an example, a circular cross-section and a rectangular cross-section are shown.
Other cross-sections are also possible, for instance oval, polygonal, triangular cross-

sections, or the like.

The individual anodes 14, 15 are detachably secured in the support frame 16. They are
inserted into plug-in receptacles 17 (see Figs. 2 to 4) which are shaped in the form of
insertion openings 20 in an upper cover piate 19. The individual anodes 14, 15 are
projecting in part upwards beyond the cover plate 19, the corresponding subsea plug
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means 10 being particularly arranged at the upper end of the individual anodes, see Fig.
3. Said means is electrically connected according to Fig. 3 to a respective individual
cable 31 of the second cable connection 5 via corresponding mating plug means 11; see

also Fig. 1.

The individual anodes 14, 15 are arranged such that they are arranged side by side in
transverse direction 26, see Fig. 4, of the support frame 16 and the cover plate 19,
respectively, the transverse direction 26 extending in a direction perpendicular to the
connection direction 27; see Fig. 1. The individual anodes 14, 15 are arranged in the
iHlustrated embodiment in a first row 28 and a second row 29 (see Fig. 4), individual
anodes of the various rows being arranged in staggered fashion relative to one another.
As a result, none of the individual anodes of the first row 28 is arranged in the “shadow”
of individual anodes of the second row 29 in the direction towards electrical means 2.

Other arrangements of the individual anodes are also possible in iess or more rows, for

example.

For the further guidance and also support of the individual anodes 14, 15 (see
particutarly Figs. 2 and 4) lateral guides 11 extend between bottom plate 18 and cover
plate 19 in the form of particularly round guide rods 22. In the iHustrated embodiment six
of said guide rods 22 are spaced apart at equal distances along the circumference of an
individual anode. It is also possible to use a greater or smaller number of such guide

rods 22 per individual anode.

The cover plate 19 has formed therein laterally open guide slots 33 which are part of a

guidef/strain relief means 30. A blocking means assigned to each guide slot for holding a
corresponding individual cable 31 in the interior of the guide slot 33 is not illustrated for

simplification.



WO 2008/125135 PCT/EP2007/003306
17

As can further be seen in Fig. 2, the bottom plate 18 is spaced apart from the cover plate
19; further struts of the support frame 16 that are shaped in the form of ribs or other
shapes are here not shown for the sake of simplification. These may e.g. be arranged
below the bottom plate 18, between bottom plate 18 and cover plate 19 or also between

the vertical carriers 64.

As can particularly be seen in Figs. 2 and 3, the individual anodes 14, 15 extend
substantially between cover and bottom plate 19, 18 and partly project beyond the cover
plate 19 upwards particutarly with their subsea plug means 10. The individual anodes 14,
15 are formed from a perforated sheet material as hollows bodies 22, titanium being
usable for the corresponding material. These have a coating of metal mixed oxide or the

like.

As can further been seen in the illustration shown in Fig. 3, the cover 23 forms an
upwardly tapering roof-shaped protective cover 24. For instance, in the case of objects
falling down from the drilling apparatus 13, said cover prevents the objects from directly

~ hitting on the individual anodes 14, 15.

According to Figs. 2 to 4 the bottom plate 18 has assigned thereto, as a further member
of the guide/strain relief means 30, a strain-relief receiving means 34 configured
substantially in the form of a sleeve. Such a receiving means is provided for each
individual anode and extends obliquely upwards towards individual anode and is
arranged accordingly underneath an associated guide slot 33. An individual cable 31
according to Figs. 2 to 4 is normally inserted into the laterally open guide slot 33 and
locked there. The individual cable is then guided further to the strain-relief receiving

means 34, inserted thereinto and tightened there particularly with a thickened portion

arranged on the outside of the individual cable. The individual cable then extends from
the strain-relief receiving means 34 up to e.g. the distributor means 68. Free ends of the

individual cable 31 with corresponding mating plug means 11 are then electrically
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connected to the guide slots 33 with the subsea plug means 10 at the upper end of each

individual anode 14, 15.

Figs. 5 to 7 show a further embodiment of a subsea anode 6 with corresponding support
frame 16. Said subsea anode 6 has smaller dimensions and serves to receive two
individual anodes 14, 15 constructed in accordance with the individual anodes of the

preceding embodiment.

The corresponding support frame 16 comprises transverse and longitudinal carriers 63,
65 as well as oblique carriers 69 obliquely converging towards one another.
Corresponding guide/strain relief means 30 and also holding eyelets 46 are arranged on
the longitudinal carriers 65; these have already been described in connection with the

embodiment according to Figs. 2 to 4.

In the area of their upper ends the oblique carriers 69 comprise a-comresponding
protective cover 24 as cover 23, lifting eyelets 25 being aiso arranged in said area for
lifting the protective cover 24 or for lifting the support frame 16 on the whole.

In contrast to the embodiment according to Figs. 2 to 4 the subsea anode 6 according to
Figs. 5 to 7 has no cover plate; instead of such a plate, the individual anodes are
detachably held by carriers 40, 41, 42 and 43. The carriers 40, 41 surround an upper
section of each individual anode and are arranged in parallel with each other. The
carriers 42 and 43 (see e.g. Fig. 7) surround a lower section of each individual anode
“and they are also arranged in paraliel with each other. A recess 44 is formed between
each carrier pair 40, 41 and 42, 43, respectively, a corresponding partial recess being
formed in each of the carriers 40, 41 and 42, 43, respectively. These serve to receive the

individual anodes 14, 15 in form-fit fashion.



WO 2008/125135 PCT/EP2007/003306
19

By analogy with the embodiment according to Figs. 2 to 4, the individual anodes may
stand with their lower end on a corresponding bottom plate 18 or also on a lower

transverse profile 70 of the carriers 42, 43.

The electrical connection between individual cables 31 and individual anodes 14, 16isin
the embodiment of Figs. 5 to 7 by analogy with the embodiment according to Figs. 2 to 4.
However, since only two individual anodes are used in the embodiment of Figs. 5t0 7
and the individual cables are supplied to each anode from opposite sides (see Fig. &) of
the support frame 16, guide slots 33 are for instance omitted (see Fig. 4).

To electrically insulate the individual anodes with respect to one another and also with
respect to metal parts of the support frame 16, the corresponding carriers 40 to 43 or
also bottom and cover plate 18, 19 are made from a material thatis electrically non-
conductive as a rufe. Such a material is e.g. a plastic material such as polyethylene, or

the like.

it should here additionally be noted that also in the subsea cathode 7 a corresponding
electrical insulation with respect to the electrical means 2 is provided by materials that
are electrically non-conductive in a similar way. The electric circuit is here e.g.
established by a cable connection between subsea cathode 7 and electrical and/or

electronic components inside the electrical means 2.

The protective cover 24 is normally of such an electrically non-conductive material to
prevent any possible endangerment of a diver by current flow.

In the embodiment shown in Figs. 5 and 7 it is also possible that the corresponding
protective cover (see e.g. Fig. 7) is made from protective plates that are foldably or
pivotably arranged also without the use of tools so as to permit access to the individual

anodes 14, 15.



WO 2008/125135 PCT/EP2007/003306
20

The support frame 16 of the embodiments normally comprises carriers of steel that are
provided, particularly repeatedly, with a corrosion-resistant coating of e.g. epoxy resin.

To make especially the embodiment shown in Figs. 6 to 7 heavy in an adequate way so
as to prevent disptacement in case of collisions or streams, the support frame 16
comprises a ballast means 45, This means can e.g. be arranged in the bottom area
between longitudinal and transverse carriers. Examples of such ballast means are
inserted concrete weights, concrete directly cast in by means of reinforced concrete
mesh, baliast weights adapted to be fastened to the support frame, or the like.

Figs. 8 to 11 show a further embodiment of a subsea cathode 7. Said cathode is spaced
apart from the electrical means 2 and is connected to the means via a connection cable
49. The subsea cathode is e.g. part of a cover 47 of a drilling structure or apparatus 13,
arranged on said cover 47 or also integrated thereinto. Such a cover 47 serves to repel
nets, or the fike, which might get into contact with the drilling apparatus 13 and get stuck

there.

Fig. 8 shows part of such a cover 47, the subsea cathode 7 being aranged on an
outside 52 of the cover 47. To connect the subsea cathode 7 to the connection cable 49,
the cover 47 comprises a passage opening 48; see particularly Fig. 9. The connection
between connection cable 49 and subsea cathode 7 is established by analogy with the
connection of the individual cable 31 to the individual anodes 14, 15 via corresponding

plug means and mating plug means 50, 56.

To arrange the subsea cathode 7 on the outside 52 of the cover 47, a corresponding
support means 51 is provided. Said means comprises a plate 53 and spacer elements
54 projecting therefrom in the direction of the subsea cathode 7. Spacer elements 54
and plate 53 are made from an electrically insulating material. The spacer elements 54
may be formed as distance sleeves 59 made of plastics, the subsea cathode 7 being
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tightened by means of comresponding screws in the plate 63. The plate 53 itself is
fastened via further fastening means to the outside 52 of the cover 47.

In the illustrated embodiment the subsea cathode 7 is configured as a substantially
rectangular cathode plate 55; see Figs. 8 and 11. This plate is held at its ends via the
spacer sleeves 59 to be spaced apart from the plate 53 and fixed there.

On the back side 58 the cathode plate 55 comprises an extension 57 which is partly
made from the same material of the cathode plate 55 and partly from, for instance,
titanium. The corresponding mating plug means 56 via which the connection of the
connection cable 59 is established is connected to said extension 57.

In the area of the extension 57 the plate 53 comprises an opening which is in
communication with the corresponding passage opening 48 in the cover 47.

A copper-nickel-iron alloy may be used as a material for the subsea cathode 7 in all

embodiments.

Furthermore, it should be noted that the geometrical shape of the cathode plate 55 is
only by way of example and other geometrical shapes can of course be used, e.g.
circular, square, oval, polygonal or the like. Attention should aiso be paid that
corresponding subsea cathodes 7 according fo Figs. 8 to 11 may be provided for each
individual electrical means 2 or also for two, three or more electrical means 2. The
corresponding arrangement and number depend on the power to be transmitted, each

electrical means 2 having normally assigned thereto a subsea cathode 7 and cathode

plate 50, respectively.

It should further be noted that for reasons of redundancy two independent systems of
electrical means 2 are normally provided with corresponding control modules 61. This
applies by analogy also to the arrangement of the subsea anodes 6 and subsea
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cathodes 7, so that for instance in the case of two independent groups of electrical
means 2, two subsea anodes 6 are also used as well as subsea cathodes 7 assigned to

each electrical means 2 of the two groups.

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. 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. Additionally, usage of the term
“present invention” or “invention” generally refers to exemplary embodiments of the
claimed invention and, as such, subsequent descriptors are not necessarily requirements

for every embodiment encompassed by the claims of this application.
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Claims

1. A power supply device (1) for at least one electrical means (2) arranged below
sea level, for instance a power supply and control device, or the like, used in maritime oil
andfor gas production, comprising a voltage supply means (3) particularly provided
above sea level (37), which is connected via a first cable connection (4) to the electrical
means (2) and via a second cable connection (5) to a subsea anode (6), the electrical
means (2) having assigned thereto a subsea cathode (7) for closing the circuit (38).

2. The power supply device according to claim 1, characterized in that the first

cable connection (4) is a data and voltage supply cable (8).

3. The power supply device according to claim 1 or 2, characterized in that the first

cable connection (4) is a coaxial cable.

4 The power supply device according to any one of the preceding claims,
characterized in that the subsea cathode (7) is directly connected to the electrical

means (2).

5. The power supply device according to any one of the preceding claims,
characterized in that the subsea cathode (7) is formed as part of the electrical means

(2) and particularly at least in part by a housing (9) of the means.

6. The power supply device according to any one of the preceding claims
characterized in that the subsea anode (6) comprises a subsea plug means (10) for
connection of a mating plug means {11) to the second cable connection (5).

7. The power supply device according to any one of the preceding claims,
characterized in that the subsea anode (6) is arranged on the seabed (12) and/or ata

production platform (13) for oil/gas production.
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8. The power supply device according to any one of the preceding claims,
characterized in that the subsea anode (6) comprises a series arrangement of
individual anodes (14, 15), of which at least some are electrically connected to the

second cable connection (5).

9. “The power supply device according to any one of the preceding claims,
characterized in that the subsea anode (6) is detachably arranged in a support frame
(16).

10.  The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) comprises a plug-in receptacle (17) for
each subsea anode {6) or each individual anode (14, 15), respectively.

11.  The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) comprises at least one bottom plate (18)
and a cover plate (19) spaced apart therefrom, the plug-in receptacles (17) being formed

at least in the cover plate (13).

12.  The power supply device according to any one of the preceding claims,
characterized in that the plug-in receptacles (17) are formed as insertion openings (20)

substantially corresponding to the cross section of the respective anode.

13.  The power supply device according to any one of the preceding claims,
characterized in that lateral guides {21) are arranged for the respective anode (6, 14,
15) between cover plate (19) and bottom plate (18).

14.  The power supply device according to any one of the preceding claims,
characterized in that the lateral guides (21) are formed as guide rods (22) extending

between bottom plate and cover plate.
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15.  The power supply device according to any one of the preceding claims,
characterized in that bottom and/or cover plate (18, 19) are made from electrically non-
conductive material or from a material of poor electrical conductivity, particularly from a

plastic material.

16.  The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) has a cover (23) arranged above the cover

plate (18) for protecting the anodes (6, 14, 15).

17.  The power supply device according to any one of the preceding claims,
characterized in that the cover (23) is a roof-shaped protective cover (24) tapering

towards sea level (37).

18.  The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) comprises one or several lifting eyelets or

the iike.

19.  The power supply device according to any one of the preceding claims,
characterized in that the individual anodes (14, 15) are arranged side by side in
fransverse direction (26) perpendicular to the connection direction {27) between subsea

anode (6) and cathode (7).

20. The power supply device according to any one of the preceding claims,
characterized in that the individual anodes (14, 15) are each aranged in transverse

* direction (26) in two or more rows (28, 29) in staggered fashion.

21.  The power supply device according to any one of the preceding claims,
characterized in that the support frame (16} comprises guide and/or strain relief means

(30) for the second cable connection (5).
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22, The power supply device according to any one of the preceding claims,
characterized in that the second cable connection (5) comprises a number of individual

cables (31) for the connection of a corresponding number of individual anodes (14, 15).

23.  The power supply device according to any one of the preceding claims,
characterized in that at least a second subsea anode (6) is arranged as a redundant

anode.

24. The power supply device according to any one of the preceding claims,
characterized in that the individual anode (14, 15) is formed as a perforated hollow body

{(32).

25.  The power supply device according to any one of the preceding claims,
characterized in that the individual anode (14, 15) is substantially formed from a

particularly perforated sheet material.

26. The power supply device according to any one of the preceding claims,
characterized in that the sheet material comprises a coating of metal mixed oxide.

27. The power supply device according to any one of the preceding claims,
characterized in that the cover plate (19) and/or the cover (23) comprise(s) laterally
open guide slots (33) for each individual cable (31) of each individual anode (14, 15).

28.  The power supply device according to any one of the preceding claims,
characterized in that a particularly eyelet-shaped strain-relief receiving means (34)is
assigned as a strain relief means to the bottom plate (8) for each individual cable (31) of

each individual anade (14, 15).
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29. The power supply device according to any one of the preceding claims,
characterized in that all of the electrically conductive parts of the support frame (16)

have at least an insulating and corrosion-resistant surface coating.

30. The power supply device according to any one of the preceding claims,

characterized in that in a parallel or serial arrangement of a plurality of electrical means

(2) relative to the first cable connection (4), each of said electrical means {2) has

assigned thereto a subsea cathode (7).

31. The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) above the bottom plate (18) comprises
electrically insulating carriers (40, 41; 42, 43) with recesses (44) for receiving the
individual anodes (14, 15) in a particularly form-fit manner.

32.  The power supply device according to any one of the preceding claims,
characterized in that the recesses (44) are formed by two carriers (40, 41; 42, 43)

arranged in parallel with each other.

33. The power supply device according to any one of the preceding claims,
characterized in that a ballast means (45) is assigned to the support frame (16).

34. The power supply device according to any one of the preceding claims,
characterized in that the support frame (16) comprises one or a plurality of holding

eyelets (46).

35.  The power supply device according to any one of the preceding claims,
characterized in that the subsea cathode (7) is arranged spaced apart from the

electrical means (2) and connected thereto via a connection cable (49).
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36. The power supply device according to any one of the preceding claims,
characterized in that the subsea cathode (7) is arranged on or in a cover (47) of a

production platform (13} or, in particular, is integrated thereinto.

37. The power supply device according to any one of the preceding claims,
characterized in that the cover (47) has a passage opening (48) for the connection
cable (49) or at least for a plug means (50) of the connection cable and the subsea
cathode (7) is fastened in electrically insutated fashion, particularly detachably, to an

outside (52) of the cover (47).

.38.  The power supply device according to any one of the preceding claims,

characterized in that the subsea cathode (7) is arranged on a support means (51) of

electrically insulating material.

39. The power supply device according to any one of the preceding claims,
characterized in that the support means (51) comprises a plate (53) arranged on the
outside {52) of the cover (47) and optionally spacer elements (54} projecting therefrom

toWards the subsea cathode (7).

40.  The power supply device according to any one of the preceding claims,
characterized in that the subsea cathode (7) is configured substantially in the form of a

plate as a cathode plate (635).

41.  The power supply device according to any one of the preceding claims,

‘characterized in that a mating plug means (56) is arranged on a back side (58) of the

cathode plate (55) oriented towards the passage opening (48) of the cover (47).

42.  The power supply device according to any one of the preceding claims,
characterized in that the cathode plate (55) is formed from a copper-nickel-iron alioy.
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43. The power supply device according to any one of the preceding claims,
characterized in that at least an extension (47) consisting particularly of titanium is

arranged between mating plug means (56) and cathode plate (55).

44. The power supply device according to any one of the preceding claims,
characterlzed in that the spacer elements (54) are configured as plastic sleeves (59).

45. A power supply device for maritime oil/gas production, comprising at least cne
electrical means {(2) arranged below sea level, a first line connection (35) and a second
line connection (36) between a voltage supply means (3) arranged particularly above sea
level and the electrical means (2), at least one line connection (35, 36) below sea level
comprising an open partial connection between a subsea anode (6) assigned to the
voltage supply means (3) and a subsea cathode (7) assigned to the electrical means (2).

46.  The power supply device according to claim 45, characterized in that the line
connections (35, 36) are configured, except for the open partial connection (39), as cable

connections (4, 5).

- 47. A power supply device (1) for maritime oil and/or gas production, comprising a

closed circuit (38) which includes at least one electrical means (2) arranged below sea
level (37) and a voltage supply means (3) arranged particularly ahove seal level, the
circuit (38) below sea level (37) comprising at least one open circuit section (39) formed
by subsea anode (6) and subsea cathode (7) arranged in spaced-apart relationship.

48. The power supply device according to claim 47, characterized in that the closed
circuit (38) is formed outside the open circuit section (39) by first and second cable
connections (34, 35) between voltage supply means (3) and electrical means (2).

49. A subsea anode for a power supply device according to any one of the preceding

claims.



