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Description

[0001] Thisinvention relatesto anode for cathodic pro-
tection of underwater-located equipment and a method
for providing corrosion protection of underwater-located
equipment. Suitable underwater-located equipment may
comprise a well tree for a subsea hydrocarbon fluid ex-
traction facility for example.

Background

[0002] As is well-known, metallic equipment that is to
be deployed underwater is at risk of corrosion. To protect
the equipment, itis common to provide a galvanic anode
(also known as a "sacrificial anode") proximate the equip-
ment, thus providing cathodic protection (CP) for the
equipment. Such anodes comprise sacrificial metal ma-
terials which have a more negative electrochemical po-
tential than the metal of the equipment, such that when
deployed, the sacrificial material of the anode is corroded
more readily than the equipment metal. Currently, the
most common metal materials used as the sacrificial ma-
terial for galvanic anodes include alloys of aluminium,
magnesium and zinc, with aluminium and zinc being fa-
voured for subsea use.

[0003] As prior art there may be mentioned
US2011/0017589, GB2464213, GB2118230, and GB
2372766 which disclose the precharacterising portion of
claim 1.

[0004] Although all sea-deployed equipment is at risk
of such corrosion, there are particular problems associ-
ated with hydrocarbon fluid extraction facilities deployed
on the sea bed, for example well trees. These are rela-
tively large, very expensive structures, often required to
be in place for over twenty years, and there may be major
safety and environmental issues if corrosion occurs.
[0005] Typically, welltrees are provided with U-shaped
aluminium galvanic anodes, with the "legs" of the U being
welded to the tree to ensure good electrical continuity. A
typical such anode is schematically shown in Fig. 1. As
shown, the anode comprises a block of aluminium 1, with
a metallic leg 2 extending from each end. In use, the free
ends of legs 2 are welded onto the well tree.

[0006] Current practice is to weld the anodes to the
tree frame (or other structure, manifold, template, flow-
base etc) at the manufacturing stage. This gives good
electrical continuity for the CP system to work efficiently.
[0007] The number of anodes / quantity of aluminium
used is a function of the intended field life of the tree. For
trees with a long life span, this means that many anodes
are required. For example, if calculations show that eight
anodes will be required for a field life of twenty years,
then all eight anodes will be welded to the tree frame (or
other structure) in the workshop. This approach can
makes the tree densely populated, and so fitting in many
anodes may be difficult, and furthermore can result in
anodes having to be closer to vulnerable areas than de-
sired. In addition, placement of the anodes is important
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- anode positions need to be considered carefully to min-
imise the dangers of hydrogen embrittlement and to op-
timise cathodic protection.

[0008] Itis an aim of the presentinvention to overcome
these problems, and enable effective cathodic protection
of underwater equipment, such as well trees, for the du-
ration of the equipment’s operational life. Please note
that in the following discussion and indeed claims, the
term "anode" is used to denote an item which includes
sacrificial material, and not the sacrifical material itself.
[0009] Thisaimisachieved by utilising replaceable gal-
vanic anodes. In a preferred embodiment, these anodes
are adapted for insertion and removal by means of a re-
motely operated vehicle (ROV).

[0010] In accordance with a first aspect of the present
invention there is provided an anode for cathodic protec-
tion of underwater-located equipment, comprising:

a support body;

sacrificial material retained by the support body; and
attachment means for releasably attaching the an-
ode to the equipment,

the equipment comprises a subsea well tree; and
the attachment means comprises a member for fric-
tional engagement with the well tree, said frictional
engagement causing the anode to be retained in use
at the well tree,

wherein said member comprises a tapered projec-
tion from the support body, for insertion and retention
within a receptacle located at the well tree.

[0011] In accordance with a second aspect of the in-
vention there is provided a method for providing corrosion
protection of underwater-located equipment, comprising
the steps of:

providing an anode for cathodic protection of the
equipment, the anode comprising:

a support body, sacrificial material retained by
the support body, and attachment means for re-
leasably attaching the anode to the equipment;
and

attaching the anode to the equipment,

the equipment comprises a subsea well tree;
and

the attachment means comprises a member for
frictional engagementwith the well tree, said fric-
tional engagement causing the anode to be re-
tained in use at the well tree,

wherein said member comprises a tapered pro-
jection from the support body, for insertion and
retention within a receptacle located at the
equipment.

Advantages of using the invention

[0012] The present invention provides various advan-
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tages over the prior art, including, but not limited to:

i) each anode may take up less space on a tree than
a conventional anode;

ii) instead of requiring many anodes at a tree, rela-
tively few need be used, these being replaced as
required;

iii) in view of i) and ii) above there is more surface
space available on the tree for other purposes;

iv) since anodes are replaced as required, there is
the potential for trees to have very long lives;

v) no welding is required;

vi) since anodes are modular, the overall weight of
the tree is reduced;

vii) there is no need to run each anode from the sur-
face to the tree. Since use of replaceable anodes
means that a stock of anodes may be run to the sea
bed by ROV deployment. The ROV may then pick
up each anode in turn to place it in position as re-
quired. This simplifies the activity by having only one
deployment trip that could cover all equipment, e.g.
trees and manifolds for example, in the local area;
and

viii) all operations may be carried out by ROV with
no surface operations, i.e. replacement can be car-
ried out in bad weather. Replacement may be per-
formed for example during a tree inspection visit.

Description of the specific embodiments of the invention

[0013] The invention will now be described with refer-
ence to the accompanying drawings, in which:

Fig. 1 schematically shows a known aluminium gal-
vanic anode for use at a subsea well tree;

Fig. 2 schematically shows a cross-sectional view of
an anode in accordance with an embodiment of the
present invention.

[0014] A first embodiment of the invention is schemat-
ically shown in Fig. 2. Here, an anode 3 in accordance
with an embodiment of the invention is shown just prior
to deployment at a well tree 4. The anode 3 is designed
for manipulation by an ROV, however for clarity the ROV
is not shown.

[0015] Anode 3 comprises an elongate support body
10, which supports and retains a mass of sacrificial ma-
terial 5. As shown, the sacrificial material 5 is circumfer-
entially moulded around the support body 10. The mate-
rial 5 may for example comprise a material selected from
the group consisting of aluminium, zinc and magnesium,
although other materials may be used.

[0016] One end of support body 10 comprises a mem-
ber formed as a tapered projection 6. This is shaped so
as to enable frictional engagement with the well tree 4,
this frictional engagement causing the anode 3 in use to
be retained at the tree. More particularly, the projection
6 is tapered so as to be inserted ("stabbed") and retained
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within a substantially correspondingly shaped receptacle
7 provided at the well tree 4. The taper helps to ensure
that electrical continuity is maintained between the anode
6 and tree 4.

[0017] Receptacle 7 is a new device, specifically
adapted for retaining anodes 3, which must be located
at the tree prior to anode deployment, e.g. during man-
ufacture. Receptacles 7 are placed at suitable locations
on the tree frame that allow relatively simple deployment
by ROV. Generally, receptacles would be positioned at
the exterior of the tree 4, but in other embodiments re-
ceptacles could be placed in the body of the tree 4, such
that, for example, anode 3 may be inserted into the re-
ceptacle in the body of the tree from above (e.g. through
a hole in the roof) or below (e.g. using horizontal tracks).
[0018] Friction is needed to force the surfaces of the
projection 6 and receptacle 7 to merge and ensure good
electrical contact. Once frictionally-engaged, a locking
mechanism (not shown) such as a holding latch acts to
retain the anode 3 within the receptacle. Preferably this
locking mechanism would also be actuable by ROV. The
latch may have various designs, as would be appreciable
to those skilled in the art, such as a screw thread arrange-
ment, or a lock bar / pin, latch, which is relatively simple
relatively immune to crustacean damage.

[0019] As mentioned above, the anode 3 is designed
for manipulation by an ROV. To this end, the anode com-
prises an ROV-friendly grab handle 8 . As shown, the
handle is mounted on the support body, at the distal end
to the projection 6.

[0020] Anode 3 also includes buoyancy means for en-
abling the density of the anode to be selected, in this
case comprising an air-filled cavity 9 located within the
support body 10. In effect therefore, the support body 10
could be considered to comprise a sealed, hollow pipe,
of sufficient strength to withstand the ambient pressure
at the installation location.

[0021] The dimensions and / or filling material of the
cavity are preferably selected to make the anode 3 sub-
stantially buoyancy neutral. This provides various advan-
tages, particularly that the operation to install / replace
the anode 3 would be much simpler and more cost ef-
fective. Below about one kilometre depth (i.e. the depth
of the pycnocline), the density of water does not vary
greatly with increasing depth, however it may be prefer-
able to select the appropriate anode buoyancy depend-
ent on the depth of installation. As an alternative, the
anode may be made slightly more dense than the sea
water at the installation, such that in the event of acci-
dental realease, the anode would sink to the sea floor to
facilitate recovery.

[0022] In practice, a suitable installation procedure
may be as follows:

a) As many anodes 3 as required are loaded onto
an ROV launch frame, such launch frames being
known in the art;

b) The launch frame is picked up by an ROV and
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taken to the required installation location;

c) Individual anodes 3 are placed in respective well
tree receptacles 7 by ROV, to create a friction fit be-
tween projection 6 and receptacle 7;

d) The positive locking mechanism is engaged to
more securely retain the anode 3 in the receptacle 7.

[0023] Of course, following initial installation, old,
spent, anodes would be removed by ROV before a new
anode may be inserted. This would require disengage-
ment of the positive locking mechanism, by ROV.
[0024] The anodes would preferably be included in a
regularinspection process using ROV (or diver) and cam-
era. Thus visual inspection would determine when re-
placement would be necessary.

[0025] The above-described embodiment is exempla-
ry only, and other possibilities and alternatives within the
scope of the invention will be apparent to those skilled in
the art. For example for some installations, the buoyancy
cavity 9 may be filled with materials other than air. For
example, it may be preferable to fill the cavity 9 with a
solid material, so that the support body is more capable
of withstanding high ambient pressure without undue de-
formation.

[0026] Alternatively, the buoyancy means may com-
prise buoyancy tanks attached to the support body for
example.

[0027] The anodes may optionally be fitted with simple
current / voltage monitoring means to detect when CP
protection lowers to unacceptable levels, indicating that
replacement of the anode is required. In this case the
current / voltage monitoring means could be connected
to a condition monitoring system of the well.

Claims

1. An anode (3) for cathodic protection of underwater-
located equipment, the equipment comprising a sub-
sea well tree (4), comprising:

a support body (10);

sacrificial material (5) retained by the support
body (10); and

attachment means for releasably attaching the
anode (3) to the equipment,

characterised in that:

the attachment means comprises a member for
frictional engagement with the well tree (4), said
frictional engagement causing the anode (3) to
be retained in use at the well tree (4),

wherein said member comprises a tapered pro-
jection (6) from the support body (10), for inser-
tion and retention within a receptacle (7) located
at the well tree (4).

2. An anode according to claim 1, wherein the attach-
ment means comprises areleasable positive locking
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mechanism.

3. An anode according to any preceding claim, com-

prising a handle (8) specifically designed for manip-
ulation by a remotely operated vehicle.

4. An anode according to claim 3, wherein the handle

(8) is mounted on the support body (10).

5. An anode according to claim 1, wherein the anode

comprises buoyancy means for enabling the density
of the anode to be selected.

6. Ananode according to claim 5, wherein the buoyan-

cy means comprises a cavity (9) located within the
support body (10).

7. An anode according to claim 6, wherein the cavity

(9) is air-filled.

8. Ananode according to any preceding claim, wherein

the sacrificial material (5) comprises one of the group
consisting of aluminium, zinc and magnesium.

9. A method for providing corrosion protection of un-

derwater-located equipment, the equipment com-
prising a subsea well tree (4), comprising the steps
of:

providing an anode (3) for cathodic protection
of the equipment, the anode (3) comprising:

a support body (10), sacrificial material (5)
retained by the support body (10), and at-
tachment means for releasably attaching
the anode (3) to the equipment; and attach-
ing the anode (3) to the equipment,
characterised in that:

the attachment means comprises a
member for frictional engagement with
the well tree, said frictional engage-
ment causing the anode (3) to be re-
tained in use at the well tree (4),
wherein said member comprises a ta-
pered projection (6) from the support
body (10), for insertion and retention
within a receptacle (7) located at the
well tree.

10. A method according to claim 9, wherein the anode
(3) is attached to the equipment by manipulation by
a remotely operated vehicle.

11. A method according to either of claims 9 and 10,
wherein the anode (3) is provided with buoyancy
means for enabling the density of the anode (3) to
be selected.
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Patentanspriiche

1.

Anode (3) fur den kathodischen Schutz von unter
Wasser befindlicher Ausriistung, wobei die Ausri-
stung ein Untersee-Bohrloch-Eruptionskreuz (4)
umfasst, umfassend:

einen Tragkorper (10);

Opfermaterial (5), das von dem Tragkdrper (10)
gehalten wird; und ein Befestigungsmittel zum
lI6sbaren Befestigen der Anode (3) an der Aus-
ristung, dadurch gekennzeichnet, dass:

das Befestigungsmittel ein Element fir den
Reibeingriff mit dem Bohrloch-Eruptions-
kreuz (4) umfasst, wobei der Reibeingriff
bewirkt, dass die Anode (3) im Einsatz an
dem Bohrloch-Eruptionskreuz (4) gehalten
wird,

wobei das Element einen verjiingten Vor-
sprung (6) von dem Tragkérper (10) zum
Einstecken und Halten in einer an dem
Bohrloch-Eruptionskreuz (4) befindlichen
Aufnahme (7) umfasst.

Anode nach Anspruch 1, wobei das Befestigungs-
mittel einen I8sbaren formschlissigen Verriege-
lungsmechanismus umfasst.

Anode nach einem der vorangehenden Anspriiche,
umfassend einen Griff (8), der speziell fir die Mani-
pulation von einem ferngesteuerten Fahrzeug aus-
gelegt ist.

Anode nach Anspruch 3, wobei der Griff (8) an dem
Tragkorper (10) angebracht ist.

Anode nach Anspruch 1, wobei die Anode Auftriebs-
mittel zum Ermaéglichen, dass die Dichte der Anode
gewahlt werden kann, umfasst.

Anode nach Anspruch 5, wobei das Auftriebsmittel
einen innerhalb von dem Tragkérper (10) befindli-
chen Hohlraum (9) umfasst.

Anode nach Anspruch 6, wobei der Hohlraum (9)
luftgefiillt ist.

Anode nach einem der vorangehenden Anspriiche,
wobei das Opfermaterial (5) eines der aus Alumini-
um, Zink und Magnesium bestehenden Gruppe um-
fasst.

Verfahren zum Bereitstellen von Korrosionsschutz
von unter Wasser befindlicher Ausriistung, wobeidie
Ausristung ein Untersee-Bohrloch-Eruptionskreuz
(4) umfasst, umfassend folgende Schritte:
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Bereitstellen einer Anode (3) fir den kathodi-
schen Schutz der Ausriistung, wobei die Anode
(3) Folgendes umfasst:

einen Tragkorper (10), von dem Tragkdrper
(10) gehaltenes Opfermaterial (5), und ein
Befestigungsmittel zum l6sbaren Befesti-
gen der Anode (3) an der Ausristung; und
Befestigen der Anode (3) an der Ausri-
stung,

dadurch gekennzeichnet, dass:

das Befestigungsmittel ein Element fur
den Reibeingriff mit dem Bohrloch-
Eruptionskreuz umfasst, wobei der
Reibeingriff bewirkt, dass die Anode (3)
im Einsatzan dem Bohrloch-Eruptions-
kreuz (4) gehalten wird,

wobei das Element einen verjiingten
Vorsprung (6) von dem Tragkdrper (10)
zum Einstecken und Halten in einer an
dem Bohrloch-Eruptionskreuz befindli-
chen Aufnahme (7) umfasst.

10. Verfahren nach Anspruch 9, wobei die Anode (3)

1.

mittels Manipulation von einem ferngesteuerten
Fahrzeug an der Ausristung befestigt wird.

Verfahren nach einem der Anspriiche 9 und 10, wo-
bei die Anode (3) mit einem Auftriebsmittel zum Er-
mdoglichen, dass die Dichte der Anode (3) gewahlt
werden kann, versehen ist.

Revendications

1.

Anode (3) de protection cathodique d’un équipement
installé sous I'eau, I'équipement comprenant un ar-
bre de puits sous-marin (4), comprenant :

un corps de support (10) ;

un matériau sacrificiel (5) retenu par le corps de
support (10) ; et

un moyen de fixation pour fixer de fagon amo-
vible I'anode (3) a I'équipement, caractérisée
en ce que

le moyen de fixation comprend un élément des-
tiné a s’engager par friction avec I'arbre de puits
(4), ledit engagement par friction faisant que
I'anode (3) soit retenue durant le fonctionne-
ment au niveau de I'arbre de puits (4),

dans laquelle ledit élément comprend une pro-
tubérance effilée (6) depuis le corps de support
(10), destinée a étre insérée et retenue dans un
réceptacle (7) situé au niveau de I'arbre de puits

(4).

2. Anode selon la revendication 1, dans laquelle le
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moyen de fixation comprend un mécanisme de ver-
rouillage positif a faculté d’ouverture.

Anode selon l'une quelconque des revendications
précédentes, comprenant une poignée (8) congue
spécifiquement pour &tre manipulée par un véhicule
télécommandé.

Anode selon la revendication 3, dans laquelle la poi-
gnée (8) est montée sur le corps de support (10).

Anode selon larevendication 1, 'anode comprenant
un moyen de flottaison pour permettre de sélection-
ner la densité de I'anode.

Anode selon la revendication 5, dans laquelle le
moyen de flottaison comprend une cavité (9) située
dans le corps de support (10).

Anode selon la revendication 6, dans laquelle la ca-
vité (9) est remplie d’air.

Anode selon l'une quelconque des revendications
précédentes, dans laquelle le matériau sacrificiel (5)
comprend I'un du groupe consistant en aluminium,
zinc et magnésium.

Procédé de protection contre la corrosion d’un équi-
pement installé sous I'eau, I'équipement compre-
nant un arbre de puits sous-marin (4), comprenant
les étapes consistant a :

fournir une anode (3) de protection cathodique
de I'équipement, I'anode (3) comprenant :

un corps de support (10), un matériau sa-
crificiel (5) retenu par le corps de support
(10), et un moyen de fixation pour attacher
de fagcon amovible Tlanode (3) a
I'équipement ; et

fixer 'anode (3) a I'’équipement,
caractérisé en ce que

le moyen de fixation comprend un élément
destiné a s’engager par friction avec I'arbre
de puits, ledit engagement par friction fai-
sant que I'anode (3) soit retenue durant le
fonctionnement au niveau de l'arbre de
puits (4),

dans lequel ledit élément comprend une
protubérance effilée (6) depuis le corps de
support (10), destinée a étre insérée et re-
tenue dans unréceptacle (7) situé au niveau
de l'arbre de puits (4).

10. Procédé selon la revendication 9, dans laquelle le-

quel 'anode (6) est fixée a I'équipement par mani-
pulation d’un véhicule télécommandé.
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11. Procédé selon I'une ou l'autre de la revendication 9

ou de la revendication 10, dans laquelle I'anode (3)
est dotée d’'un moyen de flottaison pour permettre
de sélectionner la densité de I'anode (3).
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Fig. 1 - Prior Art
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