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Mooring Integrity for floating offshore installations is an
important safety issue for the offshore oil and gas industry.
This report is one outcome from Phase 2 of the Joint Industry
Project on Mooring Integrity. This work ran from 2008 to
2012 and had 35 industry participants. It followed the Phase
1 work described in HSE Research Report RR444 (2006). The
Phase 2 work compiled research on good practice and an
overview is given in HSE Research Report RR1090 (2017).
This report covers guidelines for specifying, preparing and
undertaking the underwater survey of the moorings of a
Floating Production System (FPS). FPSs stay at a fixed
position for a significant period of time without dry docking
and are designed to withstand severe storm conditions. To
ensure the continued integrity of the FPS mooring systems,
inspection for any deterioration is important. To carry out
these inspection surveys, operators generally rely on
Remotely Operated Vehicles (ROVs) or occasionally divers.
The value of the inspections is dependent on: hardware
factors such as ROV camera types; operational factors such
as the allocated survey time; and human factors such as the
ROV operational team’s depth of knowledge in mooring
integrity issues. The report includes many examples and
photographs from previous case histories to demonstrate
the particular points of interest.

This report and the work it describes were funded by the Health and
Safety Executive (HSE). Its contents, including any opinions and/or
conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE policy.
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1

Remote
Vehiclesit
(ROV)
inspection
LoremOperated
ipsum dolor
amet
ofconsectetuer
long term mooring
systems for
floating
adipiscing
elit
offshore installations
Mooring Integrity Joint Industry Project Phase 2

GL Noble Denton
No 1 The Exchange
62 Market Street
Aberdeen AB11 5JP

2

These Remote Operated Vehicle (ROV) Inspection Guidelines for Long
Term Mooring Systems have been produced under the auspices of
Phase 2 of the Noble Denton led Mooring Integrity Joint Industry
Project (JIP). It is intended that they be used in conjunction with the Oil
and Gas UK Mooring Integrity Guidelines, as the risk review in these
should be used to guide the survey. It is intended that the ROV Inspection
Guidelines, along with the OGUK Mooring Integrity Guidelines, and other
guidelines produced under the auspices of the JIP, will eventually form an
Integrity Management Framework for long term mooring systems.
Phase 2 of the Noble Denton lead Mooring Integrity JIP has been
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1

FORWARD

1.1

Background
Floating Production Systems (FPS) stay at a fixed position for a significant period of
time without dry docking for inspection or repair and cannot move off station during
extreme storm events. Hence they are designed to withstand whatever weather comes
their way. Typically, the design of a mooring system only has sufficient capacity to
withstand the design storm condition and has little reserve capacity above that
required to meet code requirements. Historically fatigue considerations have not
always been included at the initial design stage. Also, field life extensions are
becoming more common and these will take a further toll on the capacity of mooring
systems. Therefore, deterioration of the lines over time can increase the likelihood of
single or multiple line failures.
As by their very nature FPSs cannot regularly retrieve their mooring systems for
inspection; their Operators have to rely on Remotely Operated Vehicle (ROVs), or
occasionally diver, inspections in order to monitor any deterioration in the condition
of the mooring systems. The value of these inspections, in terms of ensuring the
continued integrity of the mooring system, is dependent on a number of factors that
broadly speaking can be broken down into Hardware, Operational and Human
Factors. Beneath each of these headings, there are various issues that, to a greater or
lesser degree, influence the value of the survey, these factors include:
Hardware

Operational

Human

Suitability/manoeuvrability
of ROV(s) for specified
survey

Allocated Survey Time

Type of lights and cameras
fitted to ROV(s)

Marine Growth

Depth of knowledge of
mooring system integrity
issues of person
specifying survey and
preparing survey pack

Dimension of ROV and any
tooling compared to the size
of the access to the
inspection site

1.2

General Visibility

Elapsed time since
significant weather
Width of any mooring
line trench in relation to
size of ROV(s)

Depth of knowledge of
ROV(s) operational team
of mooring system
integrity issues. Both in
terms of what to look for
and the views that will be
of greatest value to those
reviewing the footage

Guidelines
There is a vast array of ROV(s) available for survey work and the selection of which
type to specify for a particular survey is a complex task that not only needs to take
into account the survey being undertaken, but the general availability of ROV(s) and
the suitability of the survey vessel to house them. As such, these guidelines only give
some general indicators as to which classes of ROV have, by experience of a number
of FPS operators, been found to be of most benefit for particular survey tasks.
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For routine surveys the Operational factors are in the main, with the exception of
allocated survey time, outwith the control of either the person specifying the survey
or the ROV operational team. Hence these are not discussed further within
these guidelines.
The present guidelines therefore concentrate on providing personnel involved
in specifying, preparing and undertaking the survey of an FPS mooring system,
with information on what aspects of the mooring system need to be looked at in
general and in specific detail for different mooring system components. In the
main it does this by using the types of photographs, obtained from ROV footage,
that are of most help to those reviewing the survey findings, with explanatory text
where necessary.
1.3
Aim of Guidelines
The aim of these guidelines is to enhance the knowledge of all those involved
specifying, preparing and undertaking the survey of an FPS mooring system and as
such it is intended as a living document; ie feedback from those using these
Guidelines, particularly with regard to pictures of phenomenon, both those already
described and new ones, can make the value of this document increase over time so
that the whole FPS community can benefit. To facilitate the sharing of such
information the pictures within these guidelines have, as far as possible, been made
non-attributable.
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2

GENERAL GUIDELINES

2.1

Preparation
The success of any inspection is enhanced by the quality of the workscope that is
prepared for it. A systematic approach should be taken to developing which
components, and which aspects of those components need to be inspected. One such
method is explained in the Oil & Gas UK Mooring Integrity Guidelines.
This derived list of inspection tasks can then be used in conjunction with the general
and specific inspection guidelines given in this present document to develop
the detailed inspection workbook.

2.2

General
There are a number of aspects of a mooring system that need to surveyed at a macro
level in order to start building up a picture as to the current state of the system,
namely:
 Gross damage
 Relative pre-tension of mooring lines
 Straightness of individual lines
 Trenching and other marks on the seabed made by individual lines
 Cathodic Potential Readings at specific points along each line
 Extent of visible corrosion on system
The requirements and benefits of each of these in examined in turn in the following
sections.

2.3

Gross Damage
A large percentage of FPSs have no means of monitoring the overall integrity of
mooring lines, hence an annual ROV survey, or a survey after exceptional weather,
or because something is suspected of being wrong with the mooring system, is the
unit operator’s main tool for finding out the status of the system. As such, surveys
should always be designed bearing this in mind and could, for instance, include a
precautionary fast flyby of all lines before any detailed survey work takes place in
order to establish their basic integrity. It is also preferable that the survey plan
includes a basic contingency procedure for changing the survey, in a controlled
manner, if gross damage is found, to give the greatest opportunity to gain as much
information as possible about the failure and any associated deterioration on other
lines. This latter point is quite important, as in a number of cases to date where one
line has failed on an FPS, the same failure mode has been seen to be taking place on
a number of other lines at the same time. Examples are given in the pictures below.
It is therefore of paramount importance to establish as soon as possible whether these
common failures modes are occurring or not.
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2.3.1

Gross Damage Example Pictures
A fast flyby of each mooring line at the start of a survey should reveal any areas of
gross damage, such as the example flyby pictures below.

On the discovery of such gross damage a careful examination should be made of all
the components, looking for any unusual characteristics that could be investigated on
the other mooring lines. This will then help to narrow down whether it is a one off
failure or a systematic failure mode. The following pictures give an illustration of the
types of pictures that are required when a failure like the example above is found.
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In this specific example, the ROV operator spotted the white marks in the holes in
the penultimate view and zoomed in, which immediately showed that the failure was
associated with the failure of the bolts even though the failure mechanism itself was
not known. Hence the bolts on the pin end plates, on the other sockets on the system,
could be prioritised for inspection to see if the same failure mode was taking place.
As can be seen from the following pictures, some of the same bolts were found to be
either missing or loose on sockets on other lines. Hence illustrating the importance of
a flexible survey plan, that can be modified if gross damage is found in order to
collect the most useful data on the failure itself and the same area on all remaining
lines.
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2.4

Relative Pre-tension
In a lot of cases FPSs have no means of checking the tensions of the mooring lines.
However an ROV survey gives an opportunity for this to happen, to a degree, by
checking the relative angles between the lines in a group to ensure that they are all
sharing an equal load, as illustrated in the pictures below:

Some FPSs have mechanical inclinometers attached to the hawse pipes and these
should be checked at each ROV survey; generally such inclinometers only indicate if
the angle is within a range, up to a 10 degree range, and do not give actual inclination
angles. It should also be borne in mind, as the following picture illustrates, that the
hawse pipe may not always be in alignment with its chain and therefore images
looking across the chains themselves can be more valuable than images of the hawse
pipes.
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2.5

Straightness
Fundamentally, for a mooring line to work as designed and analysed, all of its
components need to be in good alignment. The alignment of each interface within the
mooring system should therefore be checked at each survey by looking along the
mooring line, as far as this is achievable, as illustrated below. Several images from
slightly different angles should always be taken as perspective on a single 2D image
can be misleading; often short video clips are more useful when reviewing this
generalised type of data.
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2.6

Trenching
Unless the seabed is hard at the FPS site then it is likely that the mooring lines will
have created some sort of trench due to movement both up and down on the seabed,
and side to side, as the FPS moves with the prevailing weather. In some cases though
the trenching can become very pronounced and actually affect the integrity of the
mooring system. Also, if the trench or width of the marks on the seabed are quite
wide then this can also indicate that the vessel is moving around a lot with the
weather leading to a recommendation that outside of the ROV survey the actual
motions of the FPS are checked against the design motions. Consequently, the size
and shape of the trenches should be noted at each survey, particularly as a change in
the size or shape of the trench can in some instances indicate that the behaviour of
the system has changed. The following example pictures show the sort of images that
are useful to look into this sort of behaviour. It is worth noting that the marks from
the mooring components give an indication of how the mooring line has been
moving.
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2.7

Cathodic Potential Readings
Cathodic Potential (CP) readings of a mooring system are not only important in
determining whether individual components are cathodically protected against
corrosion or are freely corroding, but also in showing whether the Cathodic
Protection System (CPS) is working as designed. To this end, it is important to
understand the CPS design and any assumptions made within it, before specifying
where CP readings are to be taken in order to ensure they are of most worth. It
should not be assumed that all of the components of a CPS on a FPS have been
designed as a typical system. It is normal that individual CPSs, for example the
mooring system and the riser system, are designed in isolation; and similarly both
may be designed without consideration of the CPS of the hull of the FPS. For
example a FPS as a conversion of a normal trading tanker, is likely to have an
impressed current system for that standard trading tanker; when a mooring turret is
one of the modifications the throw of the impressed current system may be
insufficient to cover all the components below the spider. The choice of locations for
CP check readings is therefore important to ensure a representative spread is
obtained.
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Two methods of taking CP readings are often used, proximity and contact; for
checking of mooring system components contact readings give more reliable results
and typically are not a problem as few mooring components have coatings. Note
however that proximity readings can be advantageous to look at variations along the
length of an unsheathed wire.
In addition, care should be taken when setting CP reading criteria to ensure that those
readings reported as anomalous are truly that. For instance, chain is usually designed
with a corrosion allowance and therefore will normally return CP readings within the
freely corroding range. However, readings should be taken on the chain for the first
20 metres or so from the last cathodically protected mooring line component to check
for the amount of drain down so that this can be compared against the CPS design; if
CP readings after 20 metres still show in the protected range, then the survey should
continue until the readings are clearly below the protected threshold. The longer the
range of CP along a chain could be an indication of the extent of the wear between
links.
As a general rule, CP readings should be taken on each component of an interface to
check for continuity, including for instance the wire, wire socket, tri-plate, chain
shackle and chain. With stabbed CP readings being preferred to proximity readings,
although the later can be useful in look at the variation in CP down the length of an
unsheathed wire when problems are suspected with the CPS. If possible, although it
does require the deployment of line markers, CP readings should be taken at the
same places on each line each survey, so that readings can be properly compared
between surveys and trends noted and investigated.
By the very nature of CP readings there are not many pictures that can illustrate how
to do it, although the following one does illustrate where not to try and take a
reading!

2.8

Extent of Visible Corrosion
Corrosion patterns can be very useful in determining both the performance of the
CPS and in identifying specific degradation mechanisms in certain mooring system
components. These individual corrosion patterns for specific mooring components
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will be discussed in more detail within the Sections of this document specifically
dealing with these components. As a general rule though, if any sort of repetitive
corrosion pattern is seen then as a matter of course good quality imagery should be
taken, so that its significance can then be investigated. Such a pattern associated with
studded chain is shown in the following example pictures to give an indication of the
sort of patterns that should be investigated and how they can give an early indication
of degradation of components.
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3

CHAIN

3.1

General
By their very nature, regardless of whether studded or stud-less, chains experience
maximum strength when they are straight (in terms of no kinks or twist or dog legs)
the force being applied to them is in line with the axis of the chain i.e. a pure axial
force, and the bar diameter is the same throughout the main body of the link. As a
consequence, any length of chain should be checked at each survey to ensure that
there are no mechanisms taking place that could adversely affect its performance.
These general mechanisms are therefore discussed in the following sub-sections
before mechanisms specific to studded and stud-less chains are then discussed in the
following two sections.

3.1.1

Kinks, Twists and Dog Legs
If a chain on the seabed is not lying directly in line between the mooring lines
attachment point to the FPS and the anchor then it will not be able to sustain the
maximum load it would be capable of and may also be subjected to loadings that it is
not designed for, such as torsional or out of plane loads as discussed in Section 3.1.3
below. If a kink or dog leg is found in the chain or suspected of being there then not
only should images be taken along it, but preferably UTM co-ordinate readings
should be taken at key points so that it can be analysed after the survey and the
impact on the mooring system subsequently quantified.
Chain twist can be caused by a variety of factors but involves the chain being
subjected to torsional load, with wire rope or heavy tri-plates that rotate as they are
lifted off the seabed being the most likely causes. In some cases chain twist is very
obvious and good footage should be obtained of how far down the chain it extends so
that the impact on the chain can be assessed, as shown in the example picture below.

In other cases, as illustrated in the example pictures below, it is less obvious and only
shows up as a wide wear area in the inter-grip area. Consequently, attention should
be given to good imagery of the inter-grip area of the links immediately after any
connection point.
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3.1.2

Corrosion
Often, although it can only be confirmed by reviewing the mooring system corrosion
design report, chains are given a corrosion allowance rather than any form of
Cathodic Protection. Consequently CP readings within the freely corroding zone and
corrosion deposits should be expected, although within 20m of a cathodically
protected component they may well rise depending on any isolation between the
component and chain, as shown in the example below.
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Based on the above and the corrosion design report it is possible before the survey to
draw the basic shape of the expected graph and if the readings do not align with it,
then this should be investigated further.
Regardless of whether a chain allowance is included on the chain bar diameter or not,
the chain should be periodically checked to ensure that the bar diameter is above the
minimum strength requirements. This can be accomplished by either: a go/no go
gauge (as shown in the example below), a mechanical or an optical calliper device;
this is a specialist area and advice should be sought from specialist contractors.
When using go/no go gauge care should be taken that the non-weld side of the link is
being checked; the flash butt weld side of a link can have a diameter of several
millimetres, sometimes as much as 25mm, more than the nominal bar diameter.

26

If any significant pitting is seen on the chain then close up pictures should be
obtained, such as in the examples below, to not only allow an estimate of the bar
diameter loss of the link and so strength loss, but also to determine if it is the results
of sulphate reducing bacteria(SRB) activity.

3.1.3

Wear
Chains, unless held in significant tension, will naturally fall into a smooth catenary,
assuming that there are no kinks, twist or dog legs in the chain, and as such the shape
of the catenary will change as the load comes on and off the chain. In order for the
catenary to change shape, each link has to move in relation to the links on either side
of it, thus causing wear at the interface between the individual links, which is known
as the inter-grip area.
In a well balanced mooring system the wear should generally be in line with the axial
load on the line as shown in the examples below.
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If however the system is not well balanced, or any of the lines are undergoing
whipping action (often but not always the leeward lines), or as discussed in Section
3.1.1 cyclic torsional loading, then the area of wear will be more spread out as shown
below. In either case it is important to monitor the wear rate on the chain links so that
action can be planned for and taken should the inter-grip bar diameter fall below that
required to give the minimum strength requirement of the mooring system (at the
point that the chain is within the system). This, as with bar diameter loss due to
corrosion, as discussed in Section 3.1.2, can either be found through the use of a
go-no go gauge, a mechanical or optical calliper device, but specialist advice should
be sought before it is specified within a survey. In order to be of most use in the
longer term, such measurements should as far as possible be taken on the same links
at each survey and to achieve this suitable markers should be attached to the chain.
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Subject to the amount of hard and soft marine growth, and the measurement method
used, a preparatory clean with either high pressure water jets or nylon bristles may be
necessary; a wire brush should never be used.
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In addition, if any wear is found on the chain links, due to for instance boulders on
the sea bed, then detailed imagery of this should sought complete with suitable size
reference materials, such as in the examples below.
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3.1.4

Chain measurement
There are four principal methods are currently available for chain measurement by
ROV and they are:
Optical equipment (eg Welaptega) – requires good cleaning of chain first, work class
ROV with 7 function manipulator.

Direct measurement (eg Film-Ocean) – can measure through most marine growth; no
manipulator required. Note however this method is only applicable for studless
chain at the present time.
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Go/No-go Tool – No Direct Measurement
For example, for 120mm chain minimum measurement is (2 x 120mm)*0.96 =
230mm. NB 0.96 is a 4% allowance for bedding in of chain links.
Sometimes steps can be added into the forks so that there are several go/no-go areas.

Angled Fork
With a good manipulator and camera, this can provide a measurement of the interlink
distance. Preferably it should be enhanced with centralisers to ensure correct section
is being measured.

Chain Measurement by Divers
1. Use large callipers, with the correct handling as below, then measure against a
steel ruler.
2. Open the callipers to the nominal distance; these are given on Report Sheet.
3. Place one end of the callipers in the middle of one measurement point.
4. Move the other end backwards and forwards across the other measurement point,
slowly winding in the opening of the callipers.

5. When the callipers can only just be waved backwards and forwards, ensuring that
the end is passing the middle of the link, this is the measurement to be taken by
removing the callipers at that setting and reading against the ruler.
6. As the force used to move the other end of the callipers over the measurement
point should be a consistent force, it would be good if all these measurements
were taken by the same person. If this exceeds allowable dive time then the next
diver should repeat the previous three or four measurements to ensure
repeatability.
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3.1.5

Out of Plane Bending
If the movement between links, as discussed in Section 3.1.3, happens when the
chain is under tension then the friction generated in the inter-grip area will result in
an out of plane bending moment being exerted on the first moving link, whether
vertically as illustrated in the diagram below, or movement in azimuth if this sketch
was a plan view.

Unless this leads to gross distortion of the chain links, which has typically only been
seen in the region of fairleads and is discussed in Section 6.3, then it is unlikely that
out of plane bending itself will be seen during an ROV survey. The effects of it, in
terms of high wear and wear rates can be detected though and so attention should be
paid to this as discussed in Section 3.1.3.
Out of plane bending can also occur where one link is being held, and the rest of the
mooring line is being cyclically tensioned out of plane of the partially held link.
3.2

Studded Chain

3.2.1

Loose Studs
Unless there is an extreme amount of marine growth, missing studs should be easily
visible from even a fast flyby of a chain, as illustrated in the picture below, unless
they are below the mud line, and should act as a trigger for a closer inspection of the
studs in that area not only on the subject line but all other lines.

33

Loose studs on the other hand can be much more difficult to detect unless they are
grossly loose, as illustrated below.

Pointers, such as the corrosion mechanism illustrated in Section 2.8, or the sorts of
shadowing and gaps illustrated below though can be used to detect loose studs. To be
able to spot these though, usually requires high quality imagery and stills captured
from the video itself.
All of the following pictures show studs that should be listed as an anomaly:
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The significance of a loose stud is that it allows the chain link to flex, creating high
stressed areas which greatly reduces the fatigue life and results eventually in fatigue
cracks as discussed in Section 3.2.2.
3.2.2

Fatigue Cracking
Detecting fatigue cracks on chain by visual inspection alone should be possible in
theory, although likely to be highly difficult. In theory fatigue cracks should show up
as shadows, although no images have been captured to date. The example images
below show where fatigue cracks can occur on studded chain and images should act
as a guide to where shadows could be seen on studded chain that is suffering from
fatigue cracking. If such shadowing is found within these areas then it should be
investigated further.
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Note that the most likely locations of fatigue cracks on studded chain are different
from those on studless chain. The most likely fatigue cracks occur where the highest
stressed areas are on the link, typically as shown in red on these finite element plots:
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3.3

Studless Chain
Studless chain has different basic link dimensions to studded chain; generally the
link width is only 3.35 * D, where D is the nominal bar diameter and chain “size”.
Studded chain typically has a width of 3.6 * D.
More and more often now, studless chain is supplied in non-standard dimensions,
perhaps with longer link lengths (for example on the seabed where the weight of the
chain can be reduced without a mooring design penalty); or with wider links (perhaps
specifically to allow for certain shackle types to be fitted).
The design drawings should alert the inspector to the different link lengths, but one
feature that should be understood when non-standard links are used, is that during
installation the likelihood of damage is increased, noting specifically that gypsies are
not typically available for every individual chain link size.

45

4

WIRE

4.1

General

4.1.1

Kinks & Hockles
This sort of severe damage to wire ropes, as illustrated in the example pictures
below, generally occurs if the wire is mishandled during installation or repair works.
It is unlikely, although possible that such severe events could occur in service and if
such damage is seen then reference should be made to the guidelines in Section
2.3 with regard to Gross Damage, as such damage will result in the line losing a
high degree of its strength and/or fatigue life.
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4.1.2

Birdcaging
Unlike twists and hockles, birdcaging of wire can easily occur during operating
conditions, as well as during deployment or repair works.
During installation activities a number of instances have occurred due to
misunderstandings of the imbalance between the torsional properties of different
mooring types and the inappropriate use of swivels. During operation similarly
imbalance in torsional properties can cause loss of integrity; such mechanisms may
include where there is a dynamic wire connected to a chain section. Two example
mechanisms include:
•

The chain is dragged sideways across the seabed, and the links effectively roll,
and thereby imparting a twist into a connected wire, and if this roll is in the right
direction, causing the wire to bird cage;

•

As tension increases on to the mooring leg, the wire twists due to its construction;
at the same time the chain section is lifted off the seabed due to the higher
tension. The wire may well have a higher torsional stiffness than the chain, so
the twist is transferred into the chain. The tension is then reduced, the chain, still
twisted sits back down on the seabed, leaving the wire now less twisted that it
was, and potentially the commencement of bird caging.

A lesser form of damage from twisting, where effectively there is insufficient twist to
create opening up of the outer wires or strands, can be torsional fatigue damage.
This may even occur on moorings where polyester rope and wire are mixed; the
polyester capable of withstanding this treatment far longer than the wire. The result
of this is some wire strands failing – refer to the photos on Page 59 – although the
same broken strands can occur from other mechanisms.
4.1.3

Twist
All of the types of severe damage outlined in Section 4.1.1 are basically the result of
the line being axially twisted, although the twist can take the form of torque loading
being taken off the wire causing it to untwist. Although these cases are severe, any
form of twist in a wire rope or cyclic torque loading, regardless of construction, will
over time lead to degradation of the rope. Consequently, it is important that at each
survey any length of wire rope is checked for twist. To facilitate this, sheathed lines
typically have a stripe incorporated into the sheathing, as illustrated below, and
unsheathed ropes generally have a line painted on them during manufacture that
typically lasts well during service, as shown below. The extent of any twist found
should be noted and the same area carefully surveyed on all other lines.
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4.2

Sockets and Bend Restrictors

4.2.1

General
Sockets and Bend Restrictors are complex mechanical entities, although their design
may be quite simple. This is because they have to transfer the loads from the
individual wires of the rope, which will be entering at them at an angle, into a pure
axial load for transfer into either a connecting plate or attachment to the FPS through
a connecting pin. A socket and bend restrictor, regardless of the type of wire rope
that it is connected to, generally consist of five components, namely:
•

Socket Body, which can be machined or forged

•

Socket Pin

•

Socket Pin Locking Mechanism

•

Bend Restrictor

•

Cathodic Protection System

All of which have individual potential failure mechanisms associated with them and
so need to be surveyed with these in mind.
4.2.2

Socket Body
There are generally four areas of concern with any socket body, namely:
•

Deformation of socket body

•

Wear of socket pin hole

•

Security of wire rope in socket body

•

Fatigue of socket body and wire entering it

Of these, only the first two are likely to be detectable by ROV survey as the critical
area of the wire termination within the socket and the wire rope just outwith it are
typically hidden by the bend restrictor. The condition of the bend restrictor may,
however, give an indication as to the health of the termination.
To date, there have been no known instances of socket body deformation being
detected by ROV. Similarly, wear of the socket pin hole has not been detected
although this would in theory be readily detectable by the socket pin not being in the
correct position, akin to the shackle pin in the following example picture.

49

4.2.3

Socket Pin
With the exception of the socket pin locking mechanism, dealt with in Section 4.2.4,
the main concern with socket pins is wear. The mechanism that causes this is the
same as that for chain described in Section 3.1.3, however, the rate of wear and
therefore its extent will be in part controlled by the relative hardness of the socket
pin, socket body and the tri-plate of other termination point that the socket pin passes
through. In theory, if the socket pin was suffering from extreme wear then this
should be detectable by ROV as the socket would be sitting out of alignment in a
similar manner to the example picture given in Section 4.2.2. An example of socket
pin wear is given in the following picture, however, due to its location this would not
be detectable by ROV.

4.2.4

Socket Pin Locking Mechanism
Second only to the security of the wire in the socket body the socket pin locking
mechanism is the most critical part of the complete wire socket joint, as failure of it
can lead to the sort of unintended line disconnection show in Section 2.3.1.
Many different designs of socket pin locking mechanisms exist and are in use, all of
which have advantages and disadvantages and potential failure mechanisms. It is
therefore crucial when specifying an ROV survey of a socket pin locking mechanism
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that the type of mechanism involved and potential failure mechanisms are well
understood.
Consequently, the design drawings must be studied taking into account the loading
on the pin on the torque that this will generate. In addition, it should be born in mind
that the socket is part of a dynamic system that may move around in all directions
and undergo a whipping action when part of a leeward line.
Consideration should also be given to whether the socket pin locking mechanism
incorporates a secondary securing device and whether this is likely to restrict
visibility of the key parts of the primary locking mechanism.
Overall the aim should always be to get high quality images of the locking
mechanism that can then be reviewed for any evidence of the locking mechanism
starting to work loose. Examples of the types of pictures required and some of the
different types of socket pin locking mechanisms in use are given below.
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4.2.5

Cathodic Protection
As was discussed in Section 2.7 in general and in Section 3.1.2 with specific regard
to chain, a good understanding has to be gained of the CPS design and philosophy
behind it before a suitable CPS survey can be specified and undertaken. This is
particularly important with regard to sockets as different CPS designs can influence
both the requirements of the CP survey and the visual survey.
Typically wire sockets are fitted with their own sacrificial anodes; the condition of
these with a visual estimate of the amount wastage should be made. Obviously to
judge the amount of wastage a record of observations over time is needed, and/or
measurements of the remaining anode to compare with original drawings. The anode
in this example photo of a closed spelter socket is circa 95%, which after 3 years is
encouraging for this particular mooring.
Inspectors should be aware that if an anode still looks absolutely perfect after a
period of a year or more, it is quite possible that it is not electrically connected to the
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component that it should be protecting; detailed inspection should be carried out to
determine the reason for this.

In general, stab CP readings should be taken on the wire, if unsheathed, the socket
body, the socket pin and the item that the socket is connected to. These readings will
then allow the continuity or otherwise to be checked between the wire, if unsheathed,
the socket, socket pin and item that the socket is connected to. This is particularly
important if insulating material is included in the joint. In such a case, detailed
images down inside the socket should be sought looking for the insulation sleeve on
the socket pin and washers as appropriate. The example picture below shows the type
of imagery that needs to be gathered in this case.

4.2.6

Bend Restrictors
The different types and designs of bend restrictors are almost as numerous as the
types of wire rope that they are fitted to. Regardless of type of bend restrictor though,
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there are three key areas that need to be considered and examined as part of any
ROV survey, namely:
•

Overall integrity of the bend restrictor

•

Security of the bend restrictor on the socket

•

Localised damage in the region where the wire rope emerges

The survey requirements associated with each of these will be dependent on the
actual bend restrictor design and associated possible failure modes. For instance, if
the bend restrictor is bolted to the socket body, then the security of the bolts, as far as
possible, should be checked during the survey as these have been known to come
loose or even fall out. Similarly, if the bend restrictor is of a multi-segment design,
then good imagery of them should be sought, so that any slippage of individual
segments down the wire can be assessed. To assist in this, the following example
pictures, illustrate the type of imagery required and some of the faults that have been
found.
Although it may not seem relevant, the colour of the bend restrictor at each socket
should be noted. As if more than one colour is found then this may imply that more
than one type of bend restrictor was fitted to the system. Consequently, the survey
requirements may need to be altered accordingly for the next survey, after this
apparent discrepancy has been suitably investigated.
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4.3

Wire Strand Degradation

4.3.1

General
Numerous constructions of wire rope have been used in mooring systems. Regardless
of the type of construction all wire ropes are made up of wires that are laid up into
strands, which in turn are laid up into a rope. Examples of some of the common
constructions of rope are given below.

6X36 IWRC
Galvanised or Un-galvanised

6X36 FC
Galvanised or Un-galvanised

19X7 Low Rotational
Galvanised

6X19 IWRC
Galvanised or Un-galvanised

6X19 FC
Galvanised

35X7 Low Rotational
Galvanised

59

7X19 WSC
Galvanised or Un-galvanised

7X7 WSC
Galvanised or Un-galvanised

35X7 Low Rotational
Galvanised

6X7 FC
Galvanised

6X19f Lift Rope

8X19s Lift Rope
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Regardless of construction, there are four basic areas that can affect the strength of a
wire rope by damage to the individual wires within the rope, and all of which to a
greater or lesser extent can be detected by ROV survey, namely:
•

Wear

•

Corrosion

•

Strands opening up

•

Broken wires

As discussed in the following sections.
4.3.2

Wear
Due to the fact that in all but a die formed wire rope the presented circumference of
the wire rope is essentially a series of circular rods stacked side by side, when this
makes contact with an abrasive surface, such as a sandy sea bed, then the tops of the
rods get worn away. When such wear occurs it reduces the metallic area of the rope
and so its ultimate load carrying capacity. Visual detection by ROV of the actual
amount of wear is unlikely; however, detection of the extent and location of wear is
possible, as illustrated in the following picture.

With such information it is then possible to downrate the wire rope accordingly
based on guidance from a number of sources.
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4.3.3

Corrosion
Typically offshore mooring ropes tend to be constructed using hot dipped galvanised
wires in order to reduce the likelihood of corrosion. Over time though, through
galvanic action and the fretting between strands, plus in some cases wear, the zinc
coating will be lost and the time that this takes is to a certain extent dependent on the
way that the rope is manufactured and whether it is cold drawn after galvanisation.
This fretting action between strands will also continuously remove corrosion
products exposing fresh steel thus accelerating the corrosion mechanism.
Evidence of this mechanism occurring, will be in the form of corrosion products in
the valleys between the strands and the strands opening up both of which should be
visible on good quality ROV survey imagery, as shown in the example image below.
Corrosion of this type will rapidly lead to a significant loss in strength of the rope as
metallic cross-section will be rapidly decreasing.

Note that some wires may instead of, or additionally to, galvanizing, also use some
zinc wires within each strand; these are expected to be sacrificial and should not be
confused with strength wires.
4.3.4

Strands Opening Up
There are two primary causes of strands opening up (or to put it another way
becoming loose) and they are inter-strand corrosion due to fretting (as discussed in
Section 4.3.3) and cyclic torque loading. The behaviour of a wire rope under cyclic
torque loading is highly dependent on the construction of the rope, with torque
balanced ropes being less sensitive to it. Over time though, regardless of construction
though, the strands of the rope will eventually start to open up, thus allowing the
strands and therefore wires to flex more thus reducing the fatigue life of the rope
even if the strength is not necessarily effected as much. Strands that are very open
should be clearly visible from ROV survey footage, those that are in the early stage
though will only be visible by the shadowing in the valleys between strands, such as
in the example picture below, and are therefore more difficult to recognise.
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4.3.5

Broken Wires
In simplistic terms the strength of a wire rope is dependent on the strength of the
individual wires within each strand. Hence, if one or more wires break then the local
strength of the wire rope will be proportionality reduced. Although away from the
wire break(s), because of the locking action of the wires within each strand and the
strands within the rope, then the rope will ‘regain’ its strength.
Wires can break for a number of reasons and as with most fractures, the fracture
surface and shape will give an indication of the root-cause, as per the examples
below, if good enough imagery can be gained; typically however this level of detail
would only be identified by onshore detailed inspection of a recovered wire rope.
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To date this has proved to be difficult to achieve in practice, as the example pictures
below demonstrate. Therefore, the number of broken wires and over what length of
the wire rope they occur becomes important as it can be used to determine the likely
strength loss of the rope. Regardless of the problems, good quality imagery should be
sought of any broken wires.
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4.4

Spiral Strand
The construction of spiral strand is very different to that of wire rope, although in
some cases the individual strands of a wire rope may in reality be small scale spiral
strands. In a spiral strand construction wires are spun around a centre king wire and
tend to alternate in lay direction per layer, as shown in the diagram below, so as to
reduce the tendency of the wire to rotate with tension. Also typically, the wires on
the inner layers will be of a smaller diameter to those on the outer layer.

As lay angles tend to be low in spiral strands they have a high strength to weight
ratio in tension as they are as close to a set of parallel wires as can be manufactured
and utilised. Spiral strands, however, have a low capacity to cyclic bending and
cyclic torsion. The later will open up the wires and allow other degradation
mechanisms to be accelerated even if it does not necessarily cause a loss in strength.
Whereas cyclic bending will cause cyclic loadings on the trellis contact patches and
as the bend radius decreases so these contact patches will start to slide causing
fretting, which in turn will lead to loss of metallic area and so strength as well as a
loss in fatigue life. Hence, if a spiral strand within a system is known to go through
cyclic bending then this section should be examined very closely.
Both sheathed and unsheathed Spiral Strand has been used in mooring systems and
both have their own survey requirements due to what can be seen and also the
influence of the sheathing on the behaviour of the spiral strand. These are examined
in the following sections.
4.4.1

Sheathed
The sheathing on spiral strand will, if intact, prevent corrosion of the wires and stop
it from unreeving i.e. stop the wires from unwrapping. On the other hand, the
clenching action of the sheathing tends to increase the loadings on the contact
patches thus leading to increased fretting and associated decrease in bending fatigue
life. Similarly, the sheathing prevents images of the wires to be gained that would
otherwise allow an assessment of the condition of the spiral strand to be made.
Hence, the condition of the sheathing itself has to be taken as an indicator of the state
of the spiral strand inside. For instance, if the sheathing is damaged and particularly
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if there is staining around the damage then it can be assumed that the spiral strand
inside is freely corroding.
Similarly, in theory if a reduction in the diameter of the sheathing is recorded, either
visually or through the use of measuring devices, then this would give an indication
that the wires had started to wear due to fretting.
4.4.2

Unsheathed
Unsheathed spiral strand needs to be surveyed for the following degradation
mechanisms:
•

Broken wires

•

Corrosion

•

Unreeving

The first two of which lead to loss of metallic area and so strength, in addition to
which, through various mechanisms, will also lead to an accelerated loss of fatigue
life. Unreeving, on the other hand, is unlikely to lead directly to an immediate loss of
strength; however, it will accelerate various other mechanisms by which the first two
can occur.
The full length of the spiral strand should be surveyed for these particular
mechanisms, however, areas that are in contact with the seabed or go through tighter
than normal bend radii e.g. in the region of the touchdown zone (although it is not
common for spiral strand to be used in the highly dynamic environment of a
touchdown zone), should be subjected to detailed inspection with good quality
imagery being sought. High quality imagery is required, as some of the indicators of
these problems, as shown in the example pictures below, can be very difficult to spot
on video imagery.
Broken Wires
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Corrosion
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Unreeving
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5

MOORING JEWELLERY

5.1

General
Any connection between components on a mooring line or to a fixed point on a
vessel or the seabed is a potential area of integrity problems. This being due to the
dynamic nature of the system and in some cases due to the change in weight per unit
line length giving rise to differing motions either side of the connector. The potential
failures mechanisms have already been discussed, as they are similar to those for
chain and wire, hence specific information on them is not given here, but reference is
made to the proceeding sections where they are discussed, the potential failure
mechanisms being:
 Pin Wear – see Section 4.2.3
 Pin Locking Mechanism – see Section 4.2.4
 Corrosion & Cathodic Protection – See Section 3.1.2 and Section 4.2.5
 Out of plane bending – See Section 3.1.4
 Fatigue – See Section 3.2.2
The following sections therefore only contain specific survey information for each
connector type.

5.2

Buoys and Buoy Connections
Buoys tend to be connected to mooring lines, except in the case of a loading buoy
which should be treated as a vessel (see Section 6), via either a shackle onto a
common chain link or via a tri-plate type of arrangement if onto a wire rope. Hence
reference should be made to Sections 5.5 and 5.7 with respect to these and the survey
requirements for them.
Permanent subsea buoys used for mooring systems are typically either a steel
construction (internally normally split into different cells), or a foam construction
built around a steel core. Different types of foam can be used, depending on the
maximum water depth the buoy is expected to operate in; a typical term is
“syntactic” foam, which comprises a foam matrix of the required density, but to
reduce weight in air (and hence increase net buoyancy) a series of fibre glass or
polymeric spheres are used. Such foam buoys typically have a semi-rigid shell; for
handling protection, and nearly always on surface or shallow buoys, this shell is itself
given a softer outer covering.
The buoy itself should not only be subjected to a visual inspection but a depth
reading should be taken at a known point on it, so that this can be compared to the
expected buoy depth from the mooring analysis, taking into account the weather and
FPSO position at the time of the survey. If there is any discrepancy this should be
investigated, as a significantly lower than expected depth reading could indicate a
line break below the mud line or loss of buoyancy in one or more segregations,
whilst a significantly higher than expected depth could indicate that the buoy has lost
some of its buoyancy capacity.
The padeye type connection point on the base of the buoy should be closely surveyed
with reference to the guidelines for tri-plates, see Section 5.7.
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5.3

H-Shackles
The following should be considered in any survey of a H-Shackle:
•

Straightness of line passing through H-Shackle – see Section 2.5

•

Pin Wear – see Section 4.2.3

•

Pin Locking Mechanism – see Section 4.2.4

•

Out of plane bending if the H-Shackle is not of an open V-design as in the
example below – See Section 3.1.4

With the types of imagery required to do this illustrated by the following example
pictures:
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Another typical feature to check with H shackles is that the pin is not freely rotating,
because H shackle pins are normally directly through a chain link, through a
common link, it is important that the link is given at least as much support as it
would normally get from another common link. The pins may thus have various
shapes rather than just round, or may have small notches in them, to keep the link
centralised along the pin length and to maximise the contract area of pin to link. One
way to check this is to ensure that there is a base line survey of the correct pin
orientation, and to compare this with subsequent surveys.
As H shackles may be individually made, the base line orientation may be different
from H shackle to H shackle, as illustrated in the pictures below.
If the pin is rotating inside the link this could promote wear, and hence reduce the
strength of this connection and the entire mooring leg.
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5.4

Kenters
Due to the fact that kenters by their very nature are assembled on site and rely on a
mechanical mechanism to hold them together, then signs of disassembly have to be
considered in addition to:
 Out of plane bending – See Section 3.1.4
 Fatigue – See Section 3.2.2
Signs of disassembly could include uneven gaps on similar component joints,
movement of the locking pin or the lead plug that acts as a secondary securing
mechanism to the pin being missing. Hence, very detailed imagery should be sought
of any kenters within a mooring leg. An example sequence of the sorts of imagery
required is given below:
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Missing Lead Plug

5.5

Shackles
In some ways a shackle is a cross between a chain link and a wire socket. In as much
as the U-shaped end of a shackle will behave like and have the same potential failure
mechanisms as a chain link. Whereas the shackle pin, shackle pin securing
mechanism and shackle pin holes will act like those on a wire socket. Hence the
following potential failure mechanisms have to be considered when planning or
undertaking a survey of a shackle:
 Pin Wear – see Section 4.2.3
 Pin Locking Mechanism – see Section 4.2.4
 Out of plane bending – See Section 3.1.4
 Fatigue – See Section 3.2.2
The shackle pin and nut should also be checked for signs of significant corrosion
products and if found, then this should be further investigated. It should also be noted
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that the pin locking mechanism on a shackle typically consists of a nut and split pin,
with the latter being very hard to spot if there is a significant amount of marine
growth on the shackle. If a securing device other than a split pin is found during a
survey then this should be carefully reviewed as to suitability. Similarly, if there is
any evidence that the nut has been welded to either the shackle body or pin then this
should also be reviewed.
Other fairly common means of securing the main nut include:
•

Stainless steel bar, hammered into a S shape once in place; carefully check for
cracks on the bends near each end of the hole, as there can be a tendency for
these to be hammered too hard and crack on the bend;

•

Nut and bolt, typically a nyloc nut to avoid it coming undone.

Two such means may exist on some shackles, both through the nut and through the
end of the pin beyond the nut. These holes would ideally be perpendicular to each
other, but can sometimes be seen as parallel.
The pictures below show the types of imagery that are required in order to properly
survey a shackle:
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5.6

Swivels
A number of different swivel designs exist, some with bearings or specialist
bushings, some just with steel to steel contact. Not many form part of permanent
mooring systems, although they can be found from time to time.
Each swivel design has its own potential failure mechanisms and these should be
understood in advance of an inspection. As with other connectors, typically a swivel
would be connected between chains or wire, using shackles, which are clearly
subject to the same failure mechanisms as other shackles and connecting points.
Some shackles are designed with their own pinned, hence opening, link ends so that
no separate shackle is required. The interface of these special hinged ends with the
chain, particularly looking for signs of wear, should be carefully inspected.

5.7

Tri-plates and Other Connectors
Tri-plates and other similar types of connectors are used to connect two elements of a
mooring line together and in some situations to also attach a buoy or other elements
onto the line. Regardless of the situation in which the connector is used, it is
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important to understand the loads that can be placed on the connector when in use so
that potential failure modes can be identified and included in the survey. For
example, the connector below could suffer from out of plane bending induced fatigue
at the interface between the arms of the connector and its solid body. This is because
the chain will induce a bending moment into the arms of the connector, as per the
diagram in Section 3.1.4, and the wire socket and solid body will be quite stiff, thus
the bending stresses will be highest at the roots of the connector arms, which are
some distance from the chain and so the moment will be amplified by the relatively
long lever arm.

Hence in this particular case, the survey should specify a close inspection of the arms
for any indications of fatigue cracks, such as shadow lines perpendicular to the arms.
The following example picture gives an indication of the type of image required, but
preferably with higher quality.

In addition to understanding the loadings on the connector the following potential
failure mechanisms also typically need to be considered:

86

•

Pin Hole Wear – see Section 4.2.2

•

Corrosion & Cathodic Protection – See Section 3.1.2 and Section 4.2.5

•

Out of plane bending – See Section 3.1.4 and above discussion

•

Fatigue – See Section 3.2.2 and above discussion

With the exception of Corrosion and Cathodic Protection, all of these potential
failure mechanisms require good quality close inspection imagery in order to look for
the signs of them, such as the example pictures below:

87

88

5.8

Clump Weights
Any item that locally increases the weight of a mooring line per unit length is likely
to be subjected to high dynamic loadings, particularly if near the seabed. It is likely
that this will be more pronounced on leeward lines due to the lines thrashing when
under low tension. This picture below of a tri-plate illustrates this phenomenon well,
as the movement of it on and off the sea bed has caused a local trench to be dug:
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Hence, with high dynamic loadings, high wear and corrosion rates can be expected
along with an increased possibility of actual detachment of components, as illustrated
in the following example pictures:
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6

VESSEL

6.1

General
The top end of a mooring system where it connects to a ship-shaped vessel,
semi-submersible, spar, buoy or other type of floating installation is one of the
critical areas of the system, as the mooring lines are likely to be under their highest
tension loadings. It is also one of the most difficult areas of a mooring system to
survey, but is also an area that has seen a number of mooring system failures and
general degradation mechanisms. Consequently, it is vital that any survey of this area
should be well planned and the correct type of ROV specified so that as much
detailed imagery of the correct type can be obtained.
An example of the difficulty of surveying in this area is hawse pipes/trumpets where
to look inside them usually requires the use of a micro-ROV as shown in the pictures
below. Where the first picture is the view from a typical work class ROV and the
second is from the micro-ROV illustrated in the third picture:
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Essentially, regardless of design, the top end of a mooring system consists of some
type of termination arrangement e.g. a chain stopper, wire rope termination etc, and
some sort of device to guide the mooring line into the termination arrangement e.g.
bending shoe, fairlead, hawse pipe etc. Each of these have specific degradation
mechanisms associated with them, as discussed in the following sections, but in
general terms the top end of the mooring system needs to be checked for:
 Alignment of line with termination and guidance arrangement
 Mechanical damage to mooring line or termination or guidance arrangement
 Out of plane loadings causing damage to mooring line or termination or guidance
arrangement
Any of these mechanisms could lead to a loss of strength of the mooring system as a
whole or a significant reduction in the fatigue life of individual components.
It should be noted that the information within this section as a whole has been written
primarily for subsea versions of the various types of equipment that can be inspected
by ROV. Therefore no mention is made of chain jacks, winches etc that are normally
located topside and can therefore be subjected to other survey techniques. Some of
the guidelines, in terms of degradation mechanisms, may be applicable to top
side equipment as long as this is done with caution.
6.2

Chain Stoppers
There are various design of chain stoppers, however, the ratchet flap mechanism, as
illustrated in the figure and picture below, is the most popular. With this mechanism
as the chain is pulled in, links that are perpendicular to the slot in the flap will lift it
until they have passed through and then it will drop down with the next link passing
through the slot.
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Once the required pre-tension is reached then the chain is pulled in until the flap has
dropped down with a link passing through the slot, before the tension is backed off
on the pull in winch allowing the next link up, which will be perpendicular to the
slot, to rest on top of the flap, in the scallop designed for this, thus locking the chain.
In some systems the flap is held in the open position by temporary rigging until the
chain is at the correct tension and then allowed to swing into place, however, the
locking mechanism for the chain remains the same.
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Regardless of the specific design there are two main things that need to be
considered with a flap type mechanism and are generally also applicable to a greater
or lesser extent to other designs. Firstly, the link that passes through the flap is
constrained by the flap itself and therefore any sideways, out of plane, loading on it
will cause it to act as a cantilever beam with a stress concentration where the bottom
edge of the flap comes into contact with the chain link. Secondly, the link on top of
the flap will be subjected to compression loading, but if the scallop is not exactly the
same shape as the chain link then it may end up acting like a simple beam with a
point load in the middle being supported by two or four point loads at some point on
the outer radius. Both of these can obviously lead to mechanical damage of the
associated chain link and in some cases as an initiator for fatigue cracking.
Consequently, it is important that these areas be as closely inspected as possible
although it is acknowledged that this may prove somewhat of a challenge;
particularly where the chain stoppers are in board of the turret, and there may have to
be a trade off between available technology and the type of survey required. As well
as these two mechanisms the inter-grip area should also, as far as possible, be
checked for wear, see Section 3.1.3.
The following images give an idea of the types of images required to check these
areas which were captured using a micro-ROV on a system where the chain stoppers
are outboard of the turret.
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6.3

6.4

Bending Shoes
Where a chain goes through a trumpet or hawse pipe there is typically some freedom
of movement. Where a chain goes over a bending shoe or a ramp, a number of
mechanisms can be forced into play:
•

The outboard link is typically partially restrained at all times; it may thus be
subject to out of plane bending; or subject to the orientations of the links and the
principal movement of the outboard mooring leg, the first free link may instead
be subjected to out of plane bending;

•

The out of plane bending can be enhanced if the bending shoe has a recessed
track to permit the links to remain “square” on to the surface;

•

If no recess has been used, the chain links will not continue to sit perpendicular
to each other; instead the angle between links looking along the chain axis, may
be 75/105 deg or even more. Any cycling tension in this rotation can cause
more fatigue damage at the link ends than the outboard links which are correctly
square to each other.

Fairleads
In this section, a fairlead refers to a device that contains a gypsy wheel that directs a
chain (or in some instances wire) from the catenerary to the vertical direction in
order to lead the line towards a winch or chain stopper. The gypsy wheel will be
contained in some sort of housing that may be fixed or articulated in the horizontal
plane. In either circumstance considerable horizontal loads can be put onto the gypsy
wheel and housing by the mooring line and to a lesser extent vertical loads due to the
abrupt change in mooring line direction. As a consequence of this and the loads that
this imparts on the mooring line it is vital that:
•

The mooring line sits in line with the gypsy wheel

•

In the case of a chain it sits correctly (supported at both ends and at its middle
length) in the pockets of the gypsy wheel

•

In the case of a wire rope it lies correctly in the groove of the gypsy wheel
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•

The gypsy wheel itself rotates smoothly

•

In the case of an articulated housing that this can swing freely

The main damage mechanisms with regard to chain and a fairlead are mechanical,
leading to a loss of strength and/or an initiator for fatigue cracking or out of plane
bending of the chain, see Section 3.1.4, or fairlead that again can lead to bending
fatigue damage.
When performing an inspection of chain on a gypsy wheel, attention should not only
be paid to the chain links currently sitting on the gypsy, but also to the links each
side of the gypsy. This is because typically a FPSO would have a mooring “refresh”
practice, where a different chain link is left sitting on the gypsy, and it may be easier
to view links that are not in contact,
With regard to wire rope, any sort of sleeve or gypsy wheel will tend to lead to
bending fatigue damage and wear to the wire rope, however, this will increase as the
sleeve diameter to wire diameter decreases. Wire rope in this area should therefore
be examined carefully with regard to the mechanisms described in Sections 4.3 and
4.4.
In order to check the motion of the gypsy wheel, and potentially of the housing if it is
articulated, will normally require pay in/pay out tests to be performed by which a few
metres of a line is let out in a controlled manner and then winched in again whilst the
ROV is used to carefully observe what happens at the fairlead.
In order to survey for the above, it is necessary to get close up images of the gypsy
wheel, fairlead housing, fairlead articulation mechanism if applicable, and the chain
or wire as it passes through the fairlead arrangement. To achieve this may require
careful ROV selection to ensure that the ROV can get in close enough to get images
of good enough quality.
Examples of the types of images required are shown below, although preferably
these should be of much better quality.
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Apart from visual observations of the ROV during the pull-in/pay-out tests, useful
information on the fairlead friction can be obtained if the line tension is
continuously, or at least at intervals, taken during the procedure. If the friction of a
fairlead is too high, then it is possible that although the winch tension read out has
been calibrated, the tension outboard of the fairleads could be dangerously high
without appropriate tension sharing with other mooring lines.
6.5

Hawse Pipes/Trumpets
Hawse pipes can, in some instances, provide one of the harshest environments for a
chain within a mooring system due to the fact that both out of plane bending and
sharp edge contact with the chain can occur within them. These factors have lead to a
number of known mooring line losses or badly damaged hawse pipes. As a
consequence, it is extremely important that this area of the system, despite the
technical challenges involved, is carefully surveyed with respect to these damage
mechanisms.
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The damage from contact can clearly been seen in the example ROV pictures below
that were gained using a work class ROV, with the final picture illustrating the
damage on a recovered link, which also shows the weakness of the ROV images.
It can, however, be envisaged that such contact would give rise to a bending moment
on the chain link that it was not designed to take, and how a fatigue crack could start
at the groove cut into the chain link.
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Through the use of a micro-ROV or small ROV with a pole mounted camera, as
illustrated in Section 6.1, much higher quality imagery of this crucial area can be
gained, as demonstrated by the following example pictures.
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6.6

Articulated Connections
Articulated connections are found at the top of some mooring systems where the top
section of the mooring leg consists of wire rope or fibre rope. In essence they allow
the end of the mooring line to rotate in both the horizontal and vertical plane, which
in theory allows the mooring line termination to always line in line with the anchor,
thus allowing the system to generate maximum strength. If, however, the articulation
is not smooth or seizes then the termination and anchor will no longer be in
alignment resulting in bending and potentially kinking of the wire rope or fibre rope
that will significantly reduce its bending fatigue life.
In general terms an articulated joint can be looked at as if it were two wire socket
bodies joined together and as such the survey guidelines in Section 4.2 for
Wire Sockets is fully applicable and so is not repeated here.
Consideration though should be given to how best to gain access to the
articulate joints in order to get the highest quality survey imagery possible, which
means use may need to be made, in some circumstances or a micro-ROV or
similar to access the back of the joint.
Additionally, articulated joints should be reviewed to make sure that they do not
contain any details that could become a fatigue crack initiator, as the articulated joint
has to transfer the entire mooring line load through to the vessel.
The following example pictures illustrate the types of images that are needed to
check the items outlined for Wire Sockets, see Section 4.2, the access difficulties on
some systems and also some machining details that could potentially result in fatigue
cracking.
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Remote Operated Vehicle (ROV) inspection
of long term mooring systems for floating
offshore installations
Mooring Integrity Joint Industry Project Phase 2
Mooring Integrity for floating offshore installations is an
important safety issue for the offshore oil and gas industry.
This report is one outcome from Phase 2 of the Joint
Industry Project on Mooring Integrity. This work ran from
2008 to 2012 and had 35 industry participants. It followed
the Phase 1 work described in HSE Research Report RR444
(2006). The Phase 2 work compiled research on good
practice and an overview is given in HSE Research Report
RR1090 (2017).
This report covers guidelines for specifying, preparing and
undertaking the underwater survey of the moorings of a
Floating Production System (FPS). FPSs stay at a fixed
position for a significant period of time without dry docking
and are designed to withstand severe storm conditions. To
ensure the continued integrity of the FPS mooring systems,
inspection for any deterioration is important. To carry out
these inspection surveys, operators generally rely on
Remotely Operated Vehicles (ROVs) or occasionally divers.
The value of the inspections is dependent on: hardware
factors such as ROV camera types; operational factors such
as the allocated survey time; and human factors such as the
ROV operational team’s depth of knowledge in mooring
integrity issues. The report includes many examples and
photographs from previous case histories to demonstrate
the particular points of interest.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of the
authors alone and do not necessarily reflect HSE policy.
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