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SYNOPSIS

INTRODUCTION

Many recently filed developmentsin West of Africa share the following common features.
. Water depthislarge

. Extreme wave height is smdl in comparison with
. Current

. Subseainfragtricture

. Intervention

Although eech field is different and has its own inherent technica problems to be solved, a generd
drategy is usng FPSOs with flexible risers and wet trees.

VESSEL SELECTION AND MOORING CONSIDERATION

Thefloating production storage unit is generdly atankerlike vessel which offerslarge deck and storage
cgpacitiesrequired. It is ether converted from aship or anew build. Although most vessels are built of
gtedl, concrete barge may prove to be more economic in the furture.

A typica floating production storage vessel has alength between 200m to 300m with typica tonnage
of 100te. The vessd genraly has a large block coefficient, up to **. Among vessd motion
condderations, roll mation is the most important one and often bilge keels are required to supress large
roll motion.

In a hush environment, turret mooring is the only feasible option for the vessel dationkesping. The vesd
is equipped with thrusters to control vessdl weethervaning heading. The turret is located ether .. The
turret also serves as the attachment point for risers. For alarge number of mooring lines and risers,
conjestion and interference may become a problem.
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In contrast, vessd mooring is ggnificantly smplified in a begnin and highly directiond environment.
Spread mooring is feasble with the vessel haeding fixed towards the predominant westher direction.

Vess relative location with respect to subsea wellheads can be optimised. The target isto achieve the
minimum total length of risers and flowlines. However, other factor will aso affect the find vessd
position. For example ...... Often factors need to be considered are contradictory to each other. The
objective is therefore to achieve a baance between these factors.

VESSEL AND FLEXIBLE RISER INTERFACE

Asareault of the soread mooring and the dimination of turret, the flexible risers are supported from riser
porches over one or both sides of the vessal. The porches cantiler out from the vessel sde for ashort
distance to ensure clearance between the hull and risers. Longitudinally, the porches should be located
near the amid ships to reduce pitch-induced heave motion.

In a section near the point where the flexible riser is connected to the porch, the flexible riser can be
subjected to large loca bending moment due to both vessd offset effect and vessel motions. Local riser
protection measures must be considered. Some arrangments are consdered below.

. Bend Stiffner
The bend diffener isfiited over theflexibd riser and limits riser curvature. It has varying bending
diffness which is designed to suit a particular gpplication. The key parametersin determine a
diffener includes riser tenson, inclination angle and ...
In comparison with other options, the stiffener has the advantages of relative small sze and good
protection of the flexible riser. In addition, inddlation of the bend diffener isrdatively smple
due to the dry connection of theriser a deck levd.
The bend diffener is made of polymer with or without reinforcement. It isimportant to ensure
that long term aging due to heat and sunlight does not cause unacceptable deterioration of
performance.

. Bel Mouth
Riser curvature at the vessdl interface can be controlled by pulling the riser through a flared
guide tube or bell mouth. This arrangement has been adopted in North Seaand Gulf of Mexico
on both flexible risers and umbilicas.
The advantages
The disadvantage

. Arch
Another possible vessd interface arrangment is

SUBSEA COMPLETION STRATEGY
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DYNAMIC RESPONSE OF FLEXIBLE RISERS

In amild environment, Smple drgpe catenary option is the prefered configuration option for its Smplicity
and cost effectiveness. The main drawback of this option isthat it can only accommondate moderate
vessH offset, typicaly up to 20% of water depth in amild environment.

In addition, the riser touch down point moves on the seabed over alarge distance.

In this option, the riser regponse is sengtive to the riser length. Large curvature occurs & the riser touch
down point where the vessel moves towards the riser and in this case interference between the vessdl
hull and the riser near surface may become an issue. When the vessdl moves away from theriser large
tendon arises in the risers which may be detrimentd to the subsea template to which the risers is
connected, particularly if there is not asufficient free riser length lying on the segbed.

(wave effect) In amild environment,
(smilitude) Often thereisa st of risers of different diameters

An dternative to the Smple drgpe catenary configuration is buoyant lazy wave option. Buoyancy isfitted
around the riser over a section which forms a mid-water arch. In comparison with the smple drape
configuration, the lazy wave has smdller top and bact tensonswhich is beneficid to both the vessd/riser
and seebed templatefriser interfaces. Futhermore, the lazy wave option can accommodate much larger
vess offset and the riser touch down point has much smaler movement on seabed.

AN ALTERNATIVE TO FLEXIBLE RISERS

In West of Africa, the ratively benign environmental conditions makes it ided to condgder the
dternative to flexiblerisers, ie. rigid sted risers.

Rigid stedl risers have been implemented on the Auger TLP and are proposed for other fields both in
harsh and mild environments. Therigid sted riser offers anumber of benifits, such asfor example large
riser diameter in degp water, which are difficult to be realised by aternative riser systems.

The key fegture of the rigid sted pipe riser, which distinguish itsdlf from the flexible riser, is its high
bending giffness. Its application to FPSOs is often limited by the difficulties encountered at the
riser/vessdl interface and the touch down point, particularly in a shalow harsh water. However, in a
deep benign water the problems are sgnificantly aleviated which makes rigid riser a very aractive
dternative to the conventiond flexible risers.

In the table below, the key parameters of aflexible riser and arigid stedl riser are compared. Both are
proposed for afield development in West of Africa.
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Nominal Diameter 8 Inch

Flexible Rigid

OD (mm) 279.5 219.1

ID (mm) 203.2 193.7

Layers Carcass A homogenous sted
Pressure shegth pipe layer with
Zetawire coatings on both
Rilsan Sdes
1st armour
Rilsan
2nd armour
High srength tape
Rilsan

Wal Thickness (mm) 38.2 12.7

Waeaght in Air (kg/m) 109.24 65.1

Weight in Weter filled 81.77 56.35

with Water (kg/m)

Min Redius (m) 1.82 50.6

Rdative Elongationfor | 0.04% 0.0029%

50kN

Max Damage Pull (kN) | 3536 3689

Tablel Comparison of 8 Inch Riser Properties

or tenson required to yield pipe independently.

In the table, the minimum bending radius and maximum damage pull are caculated based upon radius

An andyds Sudy is carried out to investigate the dynamic responses of both risers in the extreme
environmental conditions. Results indicate that both risers are acceptable with a smple drape
configuration. To prevent it from overstressing at the touch down point, the rigid riser configuration
should be dightly taut than the flexible and as aresult a smdl increase in the maximum riser inclination
angle a the vesd interface. However, the maximum top tenson is reduced sgnificant astherigid riser
is about 30% lighter than the flexible riser in water.
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Anayssis aso carried out for the buoyant lazy wave option... However, less buoyancy is required
intherigid riser case.

CONCLUSIONS
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