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DEVICE, SYSTEM AND METHOD FOR PROTECTING A SUBSEA MOORING CHAIN FROM
CORROSION

The invention concerns a device, a system, and a method for protecting a subsea mooring

chain from corrosion.

The background for the invention is the well-known problem of corrosion and corrosion
fatigue which are two major reasons for mooring failure. The problem is particularly rele-
vant when it comes to floating installations and vessels intended to be moored at one

location for extended periods of time.

The prior art presents different attempts to solve this problem. The most common ap-
proach, and also the solution recognized by various mooring standards, is to increase
chain thickness. This is, as such, not a solution to the problem, but rather an acceptance
of it, in that a corrosion allowance just allows the corrosion to go on for a longer period of
time before replacement of the mooring chain is necessary. Another prior art approach is

to replace mooring systems pre-emptively, in order to avoid mooring failure.

There have also been some attempts in the prior art to solve this problem by cathodic
protection to reduce the corrosion rate. This is for instance described by the US “Naval
Civil Engineering Laboratory” who conducted a series of experiments to this regard al-
ready in the years 1963 and 1969. They describe two methods, namely to either provide
lump anodes cast around chain links, or to bolt sacrificial anodes to a chain prepared par-
ticularly for this purpose, i.e., not a standard chain. These methods have been imple-
mented in standard operating procedures for permanent harbour moorings. There are

some limitations with these specially prepared mooring chains, for instance that they
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seem to be practical for use in shallow waters only, and also that they have to be pre-

pared onshore.

Publication KR 20170000815 U discloses a studless chain comprising a studless link

body and a fastening type anticorrosion anode member detachably coupled to an outer
periphery of the studless link body.

Publication NO134528 discloses a device for electrolytic corrosion protection. The device
comprising a metal body provided with an anode material covering one side of the metal
body.

Publication JP2000273666A discloses an example of galvanic protection wherein a sacrifi-
cial anode consisting of two semi-elliptic spheres is fixed by bolts and nuts around one or

more chain links.

The invention has for its object to remedy or to reduce at least one of the drawbacks of

the prior art, or at least to provide a useful alternative to prior art.

The object is achieved through features, which are specified in the description below and

in the claims that follow.

In a first aspect the invention relates more particularly to a device for protecting a subsea
mooring chain from corrosion, the device comprising:

- at least one sacrificial anode; and

- a clamp for carrying the at least one sacrificial anode, the clamp having a jaw for releas-
ably connecting the sacrificial anode to a chain link of the mooring chain and establishing

electrical contact between the sacrificial anode and the chain link.

One of the main advantages of the device according to the first aspect of the invention, is
that the jaw of the clamp allows easy and secure installation of the device on a chain link.
In addition, the device may easily be moved or replaced in a simple operation. The device
may be installed on the chain link by means of an ROV, more specifically by an installation

tool connected to the ROV.

The device is provided with at least one sacrificial anode. A plurality of sacrificial anodes

P30028PC0O0
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may be provided on the same clamp, and the sacrificial anodes may vary in size and
shape. The sacrificial anodes prevent corrosion of the chain itself, and the device there-
fore offers a solution to the problem of having to increase chain thickness, i.e. ensure
corrosion allowance, which is the protection strategy recognized by the various mooring

standards.

Further, the jaw may be provided with at least one, preferably two or more, sharp ele-
ments for penetrating any fouling, corrosion products, and/or coating on the chain link to
establish electrical contact and a thorough grip of the chain link. The sharp element may
be a knife-like elongated element, a pointed element, a tooth, or the similar. In one em-
bodiment of the device, the jaw is a toothed jaw. The jaw of the clamp may be rounded in
order to complement the shape of the chain link. The size and shape may be adapted to

different chain types, i.e., studded and studless, and from any supplier.

Another advantage of the present device is that it is easily installed on mooring chain al-
ready in use. This means that the device may be retrofitted on mooring chains of existing
offshore installations, without having to retract the mooring chains or replace the chains
as such. Further, the protection of the mooring chain may be adjusted to the local corro-
sivity of the water surrounding the mooring chain, since devices may be arranged on
chain links further apart or closer together, all depending on the environment. The device

may be used in all water depths.

Since the device is securely connected to separate chain links, the device is robust to dy-
namic motion of the mooring chain. Also, should some devices fall off, the chain is still
protected, and the system may be supplemented with new protection devices. This also
solves the problem that for instance due to microbes or other environmental factors, the
actual corrosion rates may vary from location to location and be several times faster than
the standard predictions. The number of devices may easily be increased, the devices may
be placed closer to each other along the chain, and devices may be replaced separately,

without having to replace the entire mooring system.

The at least one sacrificial anode may comprise a plurality of sacrificial anodes which may

be distributed on the clamp for optimizing weight and minimizing drag. In one embodi-
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ment of the device, the at least one sacrificial anode is indeed one anode which is circu-

lar, or at least rounded, in shape for minimizing kinetic resistance, i.e. drag, in water.

The at least one sacrificial anode typically comprises aluminium, whereas the clamp and
any brackets or other attachments for the at least one sacrificial anode comprise steel
which is heavier than aluminium. Having one larger anode instead of a plurality of smaller

anodes may therefore result in a lighter device.

The at least one sacrificial anode may be releasably connected to the clamp for replacing

sacrificial anodes without replacing the device as such.

The device may be configured for ROV operation. It has already been disclosed here-
inabove, that the preferred installation method is by means of an ROV. However, it must
be understood that also installation by a diver is possible. It is also conceivable that the
device may be installed on chain on land or near the water surface, which might not re-

guire the device being configured for ROV operation.

In a second aspect the invention relates more particularly to a system for protecting a
subsea mooring chain from corrosion, the system comprising the device according to the

first aspect of the invention, an installation tool, and an ROV.

In a third aspect the invention relates more particularly to a method of protecting a sub-
sea mooring chain from corrosion, the method comprising the following steps:

- arranging the device according to the first aspect of the invention on an installation tool
connected to an ROV;

- bringing the ROV close to the subsea mooring chain;

- connecting the device to a first link on the mooring chain; and

- releasing the installation tool from the device, leaving the device connected to the chain

link.

The method may further comprise the steps:
- arranging a further device on the installation tool; and

- connecting the further device to a second link of the mooring chain.

P30028PC0O0
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The second link may be separated from the first link by at least one chain link.

The method may further comprise the step:
- estimating an optimal number of chain links between the devices based on at least one

of: the corrosivity and the conductivity of the water.

Cathodic protection from a sacrificial anode is dependent on an electric current running
from the anode to the parts of the chain that is intended to be protected. The electric
current run both in the chain itself between the chain links provided with a device as dis-
closed herein, and in the surrounding sea water. The optimal distance between the chain
links to which devices with sacrificial anodes are connected, and number of chain links
protected by one device may be estimated based i.a. on local environmental data such as
for example prevailing water temperatures, ocean currents, and salinity of the water.
Preferably, such an estimate is established by computer models using local environmental

data as at least part of the input data.

The advantage of this step is that instead of putting out a standard number of devices, a

more accurate number of devices may be used.

The method may further comprise the step:
- re-connecting the installation tool to the device for detaching the device from the chain

link.

This step is useful if the device needs to be replaced.

The method may further comprise the step:
- replacing the at least one sacrificial anode with a new sacrificial anode, by means of the

ROV.

The method in its simplest form is to install one device according to the first aspect of the
invention to a chain link by means of an ROV. The method may thereafter be repeated as

many times as necessary for installing a suitable number of devices to the desired number
of chain links. Then the method may be extended to include as many or few of the op-

tional steps, as desired.

P30028PC0O0
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In the following is described an example of a preferred embodiment illustrated in the ac-

companying drawings, wherein:

Fig. 1 illustrates a submerged chain and a first embodiment of the device con-

nected to an installation tool and manoeuvred by an ROV manipulator arm;

Fig. 2 shows the same as Fig. 1 but where the device is connected to one of the

links of the chain;
Fig. 3 shows the same as Fig. 2 but after removal of the installation tool;

Fig. 4 shows a submerged chain with a device according to the present invention

installed on two chain links at a distance from each other;
Fig. 5a shows in perspective view, a second embodiment of the device; and
Fig. 5b is a side view of the embodiment of Fig. 5a.

Reference is first made to Fig. 1 which shows a system 1 for protecting a subsea mooring
chain 2 from corrosion. The system 1 comprises a device 3 which is provided with at least
one sacrificial anode 31. In this figure the device 3 is shown comprising three sacrificial
anodes 31. Further, the device 3 comprises a clamp 32 whereon the anodes 31 are ar-
ranged. The clamp 32 is provided with a jaw 321, here shown as a toothed jaw 321, for
connection to a chain link 21 of the chain 2. Fig. 1 illustrates the device 3 connected to an
installation tool 4 which in turn is arranged on a manipulator arm 5 of an ROV. The instal-
lation tool 4 and the ROV are also parts of the system 1, and Fig. 1 illustrates how the
manipulator arm 5 of the ROV moves the installation tool 4 and thereby the device 3 to-
wards the chain link 21 in a manner such that the toothed jaw 321 is arranged for receiv-
ing and gripping the chain link 21. This next step is illustrated on Fig. 2 where the jaw 321
“bites” over a portion of the chain link 21 and establishes electrical connection between
the device 3 and the chain link 21. On Fig. 3 the device 3 is shown connected to the chain
link 21 after removal of the installation tool 4, and Fig. 4 shows an example of how a fur-
ther device 3 may be arranged on a second chain link 22 at a distance from the first chain

link 21. Note that the circles on Fig. 4 are only there to highlight the chains 21, 22 provid-
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ed with devices 3. The chain 2 may be provided with multiple devices 3 arranged at regu-
lar or irregular intervals along the chain 2. The distance between the devices 3 may be
estimated based on actual environmental factors or it may be estimated based on for

instance gained experience from the relevant area.

Figs. 5a and 5b illustrate a second embodiment of the device 3 wherein the sacrificial an-
ode 31 is specially made for this purpose. One large sacrificial anode 31 is a preferred
embodiment compared to the first embodiment showing a plurality of sacrificial anodes

31 distributed on the clamp 32.

It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embod-
iments without departing from the scope of the appended claims. In the claims, any ref-
erence signs placed between parentheses shall not be construed as limiting the claim. Use
of the verb "comprise" and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article "a" or "an" preceding an element

does not exclude the presence of a plurality of such elements.
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Claims

A device (3) for protecting a subsea mooring chain (2) from corrosion, the device
(3) comprising at least one sacrificial anode (31),

characterized in thatthedevice further comprisinga clamp
(32) for carrying the at least one sacrificial anode (31), the clamp (32) having a
jaw (321) for releasably connecting the sacrificial anode (31) to a chain link (21)
of the mooring chain (2) and establishing electrical contact between the sacrifi-

cial anode (31) and the chain link (21).

The device (3) according to claim 1, wherein the at least one sacrificial anode

(31) comprises a plurality of sacrificial anodes (31).

The device (3) according to claim 1 or 2, wherein the at least one sacrificial anode

(31) is releasably connected to the clamp (32).

The device (3) according to any one of the preceding claims, wherein the device

(3) is configured for ROV operation.

A system (1) for protecting a subsea mooring chain (2) from corrosion, the sys-
tem (1) comprising the device (3) according to any one of claims 1-4, an installa-

tion tool (4), and an ROV.

A method of protecting a subsea mooring chain (2) from corrosion, the method
comprising the following steps:

- arranging the device (3) according to any one of claims 1-4 on an installation
tool (4) connected to an ROV,

- bringing the ROV close to the subsea mooring chain (2);

- connecting the device (3) to a first link (21) on the mooring chain (2); and

- releasing the installation tool (4) from the device (3), leaving the device (3) con-

nected to the chain link (21).
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7.

10.

11.
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The method according to claim 6, further comprising the steps:
- arranging a further device (3) on the installation tool (4); and

- connecting the further device (3) to a second link (22) of the mooring chain (2).

The method according to claim 7, wherein the second link (22) is separated from

the first link (21) by at least one chain link.

The method according to claim 8, further comprising the step:
- estimating an optimal number of chain links between the first link (21) and the
second link (22) based on at least one of: the corrosivity and the conductivity of

the water.

The method according to any one of claims 6-9, further comprising the step:
- re-connecting the installation tool (4) to the device (3) for detaching the device

(3) from the chain link (21, 22).

The method according to any one of claims 6-9, further comprising the step:
- replacing the at least one sacrificial anode (31) with a new sacrificial anode (31),

by means of the ROV.
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