Modelling advances enhance
riser fatigue prediction accuracy

Mark Dixon illustrates
how more accurate fatiguce
prediction using the latest
advanced modelling to
look at aspects such as
touchdown zone fatigue
enables operators to select
the most cost-effective
riser system for deepwater
field developments.

Mark Dixon explica que
una predicciom mas
precisa de la fatiga,
empleando modelos
avanzados para estudiar
aspectos tales como la
fatiga en las zonas
inferiores, permite
seleccionar los tubos de
subida mds rentables para
prospeeciones en aguns

profundas.

Mark Dixon déerit
comment des prédictions
plus précises de fatigue
faisant appel aux outils de
modélisation sophistiguée
les plus récents qui
portent sur divers aspects
{dont la fatigue dans les
zomnes de contacts)
permettent aux opératenrs
de sélectionner le systéme
i1 colonmes montantes le
plus rentable dans le
eadre du développement
de gisements cn eaix
profondes,

teel catenary risers (SCRs) offer a

number of advantages in deepwater

production - not least being the fact

that they are compatible with all
host types, and can often be the cheapest
riser option, depending on specific field,
environmental and load constraints. In terms
of design, however, the issues to consider,
though few, are complex. The deeper the
water the larger the diameter {especially in
more hostile environments and with hosts that
have limited station-keeping), and the greater
the design challenge becomes for an SCR,
especially from a fatigue perspective, to the
point where the costs become prohibitive, or
risks too great, in deepwater.

Traditionally fatigue assessment of SCRs
will be highly conservative due to a lack of
precise understanding of the cyclic stresses to
which the SCR is subjected, and erring —
necessarily given the massive cost of failure -
on the side of extreme caution. Now, however,
where initial analysis indicates insufficient
fatigue life in an SCR, the latest advanced riser
medelling capabilities independently
developed by DeepSea Engineering &
Management, the deepwater consultancy
geared to optimising design to maximise
return, enables considerably more detailed
and accurate modelling to be undertaken. This
in turn facilitates significantly greater
accuracy in fatigue prediction, allowing undue
conservatism to be overcome and system
design to be optimised for maximum cost-
efficiency, while always retaining full technical
assurance. SCRs — renowned as a cost-effective
option at 1500 m, but widely viewed as
apparently unviable at depths below 2000 m -
could prove alter all to be the optimum riser
system for some deepwater projects.

This advanced riser modelling achieves more
accurate prediction of riser system behaviour
by permitting a number of issues to be
considered, accounting for all the major
physical influences. Advanced touch down
zone (TDZ) modelling of the riser/seabed
interaction, for instance, will enable factors
such as trench formation and development,
time-dependent and loading-dependent effects

of seabed behaviour, and varying seabed
properties along the riser to be accounted for
- none of which are considered in conventional
modelling. Equally, accurate modelling of
pipe-in-pipe SCRs can be undertaken, looking
at individual representation of the flowline and
carrier pipes and the spaces and gaps between
the spacer and inner surface of the carrier
pipe. And the ability to undertake time domain
vortex induced vibration (VIV) analysis using
computational fluid dynamics (CFD) coupled
with finite element (FE) structural dynamic
analysis, provides the most accurate modelling
and therefore greatest understanding of this
cause of riser fatigue currently available.

The tools required to achieve this
complexity of riser modelling are not
industry-standard, and require appropriate
expertise in the model development and
successiul use. However, with a combination
of structural mechanics expertise, knowledge
of subsea architecture and ability to apply
advanced analysis techniques efficiently to
complex non-linear problems DeepSea is able
to assist operators in the design and analysis
of deepwater SCRs, addressing technical,
economic and risk management aspects of the
design.

Riser-seabed interaction is a particular area in
which this advanced modelling expertise can
offer significant benefits. Fatigue in the
touchdown zone (TDZ) of an 5CR on the
seabed is the governing factor in the SCR's
durahility, and is heavily influenced by the
riser-seabed interaction. Yet it is in this
interaction modelling of the riser and seabed
that the greatest uncertainty in the analysis of
SCRs lies.

It is known that the fatigue is proportional
to the soil reaction force, which increases with
soil rigidity, but complex Interactions of the
seabed soil composition, its non-linearity, and
the random and cyclic nature of loading, make
it difficult to predict SCR behaviour in the TDZ
accurately. [t is with this in mind that DeepSea
has developed its advanced model, applying
its expertise and in-depth knowledge and
drawing on published results of other work,
including two JIP studies Carisima and Stride.









