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INTRODUCTION

As operators commence the development of deep water fieds, the interest in cost effective riser
solutions increases. Some of these fidds have particularly severe design conditions such as harsh
environments and high temperature and pressure. These factors make riser design particularly
chdlenging and may be beyond the scope of riser systems traditiondly used in shdlow water
goplications. One emerging technology is the use of sted pipe configured in compliant catenary
arrangements. Medium grade sted pipe has alow cost compared to flexible pipe, but since it has a
much larger minimum bend radius, careful consderation must be given to optimisng the riser
arrangement to achieve an acceptable performance.

Severd types of sted catenary riser have been developed, each having characterigtics which make it
better suited for particular gpplications. This paper discusses these characteristics and the applications
appropriate to each type of riser.

STEEL CATENARY RISER TYPES
Four types of sted catenary riser are consdered and are illugtrated in Figure 1, these are:
Simple Catenary Riser
Buoyant Wave or Lazy Wave Riser
Steep Wave Riser
Bottom Weighted Riser

Although not a true catenary, the bottom weighted riser has very smilar characteristics to a smple
catenary.

Simple Catenary Riser

This is a ample drgpe starting at the vessel and curving through nearly 90 degrees to a horizonta
orientation on the seabed. A flex joint isrequired &t the vessdl interface and some length of the pipeis
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required on the seabed before any seabed termination/flowline connection. This length alows for any
movement caused by changesin vessd position with the actud length required dependent on the amount
of vessd drift. Alternatively, the riser can extend to become part of the flowline without any end
termination or pipeline connection.

Buoyant Wave Riser

The buoyant wave riser issmilar to the smple catenary except that it has additiona suspended length
supported by abuoyant section. Thisforms an arch prior to the touch down point on the seabed. The
buoyant wave riser dso requires alength of pipe on the seebed before (if any) the seabed termination.

Steep Wave Riser

The steep wave riser is smilar to the buoyant wave riser in that it dso has an arch formed using
buoyancy. The steegp wave riser is not orientated horizontaly on the seabed as the other catenary risers
are but terminates verticaly into a Structure fixed to the segbed. This riser type requires a stressjoint
or flex joint at the base where bending loads can be high. The seabed interface is closer to the vessdl
compared with the other catenary risers and is fixed, whereas the touch down point for the smple and
buoyant wave catenaries can move.

Bottom Weighted Riser

The bottom weighted riser is Smilar to asmple catenary and conggts of averticd and anear horizontd
section joined by arigid bow and flex joint arrangement. The near horizontal section is made of
titanium and hasflex joints a ether end, the lower end is connected to a piled end termination. A smdl
amount of buoyancy is added to make the near horizontal section neutrally buoyant, and a tether is used
at the elbow to help sabilise the vertica section.

The bottom weighted riser has the cgpacity to accommodate higher vessel motions and current loading
than the buoyant wave or Smple catenary risers, making it particularly suited to large diameter export
lines (>20in) connected to an FPSO in shallow water depths (400-800m).

Selecting Catenary Typefor Vessel

Simple catenary risers have alimited amount of additional length available to accommodate platform
motion. Changes in the suspended length are achieved by the riser either being picked up or laid down
on the seabed. Limitations are reached when ether the riser tenson a the vessel becomes too greet as
the vessd drifts away from the touch down point (far load case, Figure 2), or when the bending stresses
near the seabed become too grest as the vessdl drifts towards the touch down point (near load case).
These limitations mean that Smple catenaries are gppropriate for TLP and SPAR gpplications which
have limited vessdl offsets. Smple catenary risers are less appropriate for FPSO gpplications where
vess offsets are condderably higher.

Two types of vessd motions contribute to changes in the suspended length of a catenary, these are first
order motions and dow drift. First order motions are the vessdl's response to each wave that passes
such as heave, surge and pitch etc. Sow drift motions are laterd motions, which occur over alonger
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period of time (typicaly 200-600 seconds) as the vessdl moves about its mooring system. Typicd dow
drift motions of up to 9% of water depth are quoted for TLP and SPARs. FPSO dow drift motions can
be 20% - 30% of water depth depending on mooring gtiffness. These vaues are for failed mooring line
conditions and can result in large top angles and extreme tensons at the vessdl.

In benign environments such as West Africa and the Gulf of Mexico where changes in catenary length
dueto firgt order vessd motions are smdl, the catenary has greater capacity available to accommodate
vessd dow drift mations. This meansthat Smple sted catenary risers and bottom weighted risers should
not be discounted for FPSO applications where waves and corresponding first order vessel motions
are smdl. Stegp wave and buoyant wave risers are much more compliant than the Smple catenary riser
and can more eadly cope with large vessd drift motions (Figure 3).

Selecting Catenary Type for Water Depth

The feasibility of sted catenary risersis dependent on many factors including weter depth, diameter,
pipe sze and weight, vessd motions and environmentd conditions. Studies [2] have developed catenary
risers in 400-1200m water depths for the West of Shetland environment and 1200-2000m water
depths for the Northern Norway environment.

Buoyant wave risers can be configured for smilar water depths as smple catenaries of the same pipe
Sze, but steep wave risers need deeper water to accommodate the geometry.

Risers which have ardaivey low weight in water may not have enough tenson a the vessd in shdlow
water (400-800m) to cope with high first order vessdl motions. Ballast weights or thicker walled pipe
may be needed to overcomethis. In deeper water the riser may have sufficient tenson to work without
additiond bdlast weights.

Bottom weighted risers have been developed for large diameter export risers connected to FPSO’s in
shalow water (400-800m) where large diameter buoyant wave risers are not feasible. In grester water
depths, it is more economical to use a buoyant wave riser than a bottom weighted riser.

Effects of Current

Current has two mgjor effects on catenary risers. These are hydrodynamic drag effects and vortex
induced vibrations (VIV).

The effects of hydrodynamic drag cause the suspended part of a catenary to move downstream. This
isnot aproblem a the vessd where arigid connection ressts the motion. At the seabed however, there
isno rigid connection for smple catenaries and buoyant wave risers and the catenary touch down point
on the seabed will move. To account for this, the effects of current should be considered from 3
directions.

In line with the riser from the touch down point towards the vessdl (far load case)
In line with the riser from the vessdl towards the touch down point (near load case)
Norma to the plane of theriser (transverse)
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Near and far current loading has only minor effects on the Smple catenary riser due to its geometry and
cause asmdl amount of pipe to be picked up or laid down on the seabed. Transverse current loading
has amore dgnificant effect on the riser and causes diding on the seabed (Figure 4). In addition, the
floating platform may drift with the current and cause additiona deflection of the riser.

Buoyant wave and steep wave risers have increased drag due to the increased diameter of the buoyant
sections and their longer lengths. Coupled with lower tensons which occur in the buoyant sections,
higher deflections result compared with a smple catenary riser. Hence, buoyant wave risers will
experience more diding on the seabed, particularly with transverse currents. Risars which dide laterdly
aong the seabed may not return to their origind positions when the latera loading is removed.

Careful planning is needed when positioning multiple catenary riser systems on a floating platform to
ensure that risers will not interfere with each other, particularly if risers of different Szes are placed next
to each other.

Riser interferenceis adso affected by wake interference and VIV. Wake interference is caused by an
upstream riser shielding a downstream riser from the current flow. This results in the downstream riser
deflections and hence the riser clearance being reduced. Vortex induced vibrations have a relatively
amd| amplitude of motion and do not have a ggnificant effect on riser dearance. However, avibrating
pipe has agreater drag coefficient than a sationary one and thiswill affect clearance of adjacent risers.

In locations where highly sheared current profiles exist, the effects of current can be reduced by keeping
the arch aslow as possible. Careful optimisation of the design is required to ensure that the sag bend
does not impact the seabed in the near load case.

The steep wave and bottom weighted risersinterface with the seabed at a single point and experience
no diding on the seabed. Thisis beneficid where alarge number of risers are required and space is
limited. High bending stresses can occur & the base of the steep wave riser due to platform maotions and
current loading requiring the use of aflex joint and/or Sressjoint.

The bending stresses at the base of a stegp wave riser can be minimised by using sufficient buoyancy
to provide a high tension a the base. The amount of buoyancy required will need to be gpplied over a
long length, putting the arch higher in the water column than for abuoyant wave. In locations where the
current profileis highly sheared, the arch of astegp wave riser will experience high current velocities and
may not be suitable in this type of environment.

Vortex Induced Vibrations (VIV) are caused by vortices shedding from dternate Sdes of the riser and
resulting in a cross flow vibration of theriser. If the vibration frequency matches any of the risers natura
frequencies high fatigue damage can occur.

Much research has been undertaken to understand VIV and its effects on risers, but this research has
focused mainly on vertica risers. The effects of VIV on catenaries and pipesindined to the flow are not
well understood at present, but it is known that VIV fatigue damage on catenary riser sysemswill be
high. VIV suppression devices such as helica strakes or fairings can reduce VIV fatigue damage by up
to 80% and require a coverage of 50% - 100% of the catenary suspended length. However, the use
of VIV suppression devices introduces other difficulties such as more complex ingalation.
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Effects of Wave

Wave action itself does not have a Sgnificant effect on sted catenary risers astheriser tensonis high
in the wave zone, dso the length of riser in the wave zone is smdl compared with the overdl suspended
length. However, platform motions due to wave action do have amgor influence on riser response.

Catenary risers do not have tensioner systems and rely on their self weight to provide tenson. Platform
verticad motions cause fluctuating increases and decreases in tenson. As verticd motions increase,
tenson may be reduced to a point where ingtability and buckling may occur.

Caenaries which are relatively light because of thin wall, thick coating or low densty internd fluid will
experience this ingability with smaler verticd maotions than a heavier catenary. Smilarly alightweight
catenary may be suitable for a heave restrained platform such as a TLP or SPAR where tension
fluctuations are smdl. A heavier catenary may be required if an FPSO is used in the same conditions.

Verticd motion at the top of acatenary is caused by vessel heave, and can aso be caused by pitch and
roll if theriser isnot at the vessdl C of G. Risers connected to a turret moored FPSO'’ s, in which the
riser is postioned some distance from the C of G, can experience large verticd motions at the riser
interface.

Conclusion

Severd types of sed catenary riser exist and each has characterigtics affecting its suitability for a
particular goplication. There are many factors which influence the response of the sdlected catenary and
these should be consdered carefully during the riser design.

In harsh environments such as West of Shetland and Northern Norway, smple catenary risers are
suitable for heave restrained TLP and Spar platforms. Buoyant wave risers are more suitable for FPSO
gpplications where vessdl offsets are larger (20%-30% water depth). Bottom weighted risers are
auitable for large diameter export lines in shallow water depths (400-800m).

Both ample catenaries and buoyant wave risers can be used in awide range of water depths. However,
shallower water depths (400-800m) present difficulties which may require dight modifications of the
riser in places such asthe use of increasad pipe weight or higher grade materid. In benign environments
such asthe Gulf of Mexico or West Africaless modification is required.

Some issues such as VIV and catenary seabed interaction require more research to enable a better
understanding of these phenomenato be established. Studies are being undertaken a present to achieve
this.

There are many design difficulties associated with stedl catenary risers but with careful engineering a

workable solution can be found.
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Figurel Simple Catenary, Buoyant wave, Lazy Wave and Bottom Weighted Risers
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Figure2 Simple Catenary Riser in Near and Far Positions
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Figure3 Buoyant Wave Riser in Near and Far Positions
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Figure4 Current Directions



