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Abstract. The steel catenary riser usually has high dynamic movements, due to the first order movements of the
Floating Production Storage Offloafing (FPSO). These movements induce high fatigue damage close to the Touch
Down Point (TDP). In ultra-deep waters, this phenomenon is more critical.

To make this type of riser feasible, one possible option is to use flotation elementsin any point of the riser. Part of the
line, rigid, comes from the seabed to a buoy and then, to the platform, lines should be flexible. The use of rigid linesis
due to the lower costs and the flexible lines to absorb the movements of the production vessel.

This paper describes the installation procedure of a prototype buoy, 1/3 of the size of the buoy designed for P-52
platform in Roncador Field. Petrobras manufactured this buoy in Rio de Janeiro, Brazl, and at the end of 2009, this
technology will be tested in Congro Field, in Campos Basi, in 500 m water depth. The numerical analysis were done
using Orcaflex program and some changes of the equipment were necessary to facilitate the installation.

Keywords: Rigid Riser, Subsurface buoy, Installation Procedure
1. INTRODUCTION

The Steel Catenary Riser (SCR) usually has highahyjo movements, due to the first order movementthef
Floating Production Storage Offloading (FPSO). Sehenovements induce high fatigue damage closeetd ttuch
Down Point (TDP). In ultra-deep waters, this phaeaon is more critical. Particularly in Campos iBathe fatigue
damage is so high that it is not technically felesib hang a SCR on a FPSO.

To make this type of riser feasible, one possilpion is to use a subsurface buoy as an intermeediament. The
subsurface buoy supports the weight of all rigegrs while flexible jumpers connect the buoy toRRSO. The use of
rigid lines is due to the lower costs comparedégilble lines, and the jumpers absorb the movemefntise production
vessel.

This concept will be tested following the instalteit procedures developed by Petrobras. Then, ecegidmodel
test was performed to test its feasibility and s@ujeistments were made to minimize loads on trernmtdiate buoys,
used to facilitate the installation of the Subscef&iser Buoy (SRB). The procedure chosen usemgtaled tendons
and posterior connection to the subsurface buoyitheaches the operational depth.

This paper describes the installation proceduth®fSRB, in scale 1:31.5 with respect to the bussighed for this
test. Petrobras manufactured this buoy in Rioateido, Brazil, and at the end of year 2009, thahhology will be
tested in Congro Field, in Campos Basin, in 500 atewdepth. The numerical analysis were done uSirgaflex
program and some changes in the equipment werssageto facilitate the installation.

2. THE SUBSURFACE RISER BUQY (SRB)
The subsurface riser buoy is a system composedsabmersible buoy, anchored at the sea bottom dsrtain

number of tendons. The buoy is an intermediatatifig element which connects the flexible linedledajumpers, to
the SCRs, which are in catenary shape toward théattom. The Figure 1 shows the general scherobtiis system.
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Figure 1 — General schematic of the system

This system was firstly developed in Deepstar difgrdinated by Texaco in 1996/1997. The buoy hada
shape, where the risers were installed in the akbtacing of the structure. Petrobras performeeksal structural
analyses and concluded that this solution was eeilile for deep water fields. Due to the fact thahape using 4
SCR had interference with the tendons, a new shagedesigned and the rectangular ringriodel) was chosen to be
the best solution, in 1998. During the period 20001, a new buoy was designed for 12 SCR for Albad-ield.
Finally, in 2002/2003, this concept was extendetl@®0 m water depth, sustaining 19 risers.

The advantages of this option are:

» Uncouple the movements of the riser system, giuidgpendence to choose the best production platfBR$O or
semi-submersible);

* Reduction of the top loads due to the risers inplagorm stability design;

» Itis possible to install almost 90 % of the to#CR independently of the arrival of the platfommnticipating the
production;

* Reduction of the complexibility and the capacity tok pull-in and pull-out systems for the jumpetstlze
production vessel, reducing time and risk of theserations;

* Increase significantly the technical feasibilityndow of the SCR in free hanging configuration -igia¢ analysis —
because the jumpers will absorb the movementseoptbduction vessel,

» Less constraints of the stiffness of the mooringtesy of the production vessel,

* Increase significantly the technical feasibilitytbe flexible risers eliminating the dynamic movenseat the touch
down point, if the option is to use only flexiblads with a buoy;

* The buoy can be manufactured in Brazil and anchwigtdthe same installation spread mobilized angilatsle in
Campos Basin for all units;

» The system is composed by field proven technologies buoy + SCR + jumpers separately;

» The jumpers can be installed or replaced using eotinnal vessels due to smaller loads.
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2. DESCRIPTION OF THE SYSTEM

The SRB will get down up to 110 m water depth udiatiast in most of the tanks and one dead weiglfter the
adjustment of the tendons and disconnection ofitsal weight the SRB will move upward up to 97 mvafer depth.
The installation system will use lines in two patiggher and lower lines, which will be connectedttie auxiliary
buoys, to avoid large horizontal displacements.s€hauxiliary buoys are initially at 34 m deep aftdrahe descent of
the SRB, they reach 56 m deep. The figure 2 shbegonfiguration of the system in the final phakthe descent of
the SRB, at 100 m water depth. The tendons oSRB (in red and black) and the auxiliary systemb(ine) will be
pre-installed in 500 m water depth. The torpedespior the SRB and the auxiliary buoys will beogtse-installed.
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Figure 2 — Final arrangement of the descent o5iRB

The tendons are planned to be fixed at the chaippsts and the final position of the buoy to bechea by
changing its buoyancy. At this moment the deadgtteiwill be disconnected and the SRB gets up.9Am water
depth the auxiliary system, composed by the auyillBuoys and the higher and lower lines will becdimnected
remaining only the SRB connected to the four tesddfinally, the buoy will be depleted.

This procedure was developed to be installed ing@wmirield. Reduced model tests were done to aonfiire
feasibility of this procedure.

3. THE MODEL TEST

The Ocean Basin called LabOceano at Federal UriyextRio de Janeiro has been designed to cartyrmdel
tests of ocean structures in a tank with 40 m I&@gm wide and 15 m depth with a central pitch ofi Siameter and
10 m deep, giving a total depth of 25 m. Thereghass windows at 4 m and 5 m deep where it isiples® see the
tests and 3D wave generators with 75 wet-back kinftgps give several height and directions dependin the
considered sea state. Parabolic beaches madedu/atsorb the waves generated for the tests.
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The main goal of the tests was to verify the ifatmin procedure of the SRB, measuring the tensibthe
tendons and trim and heel angles during the iadtafi. Three alternatives were tested by chantiiegorder of the
installation of the tendons without applicationwéve and current and the worst case was repeatbdwaive and
current. The simulation of the current force wasalthrough application of equivalent horizontads in the SRB and
it was done using lines, sheave and weights.

The considered wave was Hs = 2,0 m and Tp = 8h& VBlue of the “equivalent current” was 1 m/shia same
direction of the waves. For this purpose a eqeivialorce of 230 kN was imposed in the SRB givirdisplacement of
27,37 m towards stern.

The reduced model used was 0,863 m long, 8,35 kghtvand 19,30 dfh in volume, giving a net buoyancy of
4,70 kg when all ballast tanks were full of watérhe scale used in these tests was 1:31.5 and dkelris shown in
Figure 3.

Figure 3 — The SRB model

The instrumentation used in the tests was:
» Wave-probe, to measure the wave amplitudes;
* 04 tension cells for the superior and inferioek;
* 04 tension cells for the tendons;
* 02 inclinometers to measure the trim and heelesnduring the installation of the SRB;

The auxiliary buoys have in real scale 27 t buoygB63 g in scale) and the positions of them — aisscale - are
shown in Figure 4.
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Figure 4 — Initial arrangement in Conof the tests

4. RESULTS

The dead weight tensioned the only cable that iasl fat the SRB. This fixture was responsiblelfending the
SRB and the buoy had a great offset, as showngiar&i5. Furthermore, the dead weight did not rélaeltorrect point
at the sea bottom creating a trim and heel angleatey than the limits of the design premises. r&foee a new
procedure was developed considering four dead wseigbdependently and the tendons will be instadiéidr the SRB
reaches 110 m water depth.
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Figure 5 — Bending moment due to the descent ofi¢fael weight
The results of the variation of the trim and he®dlas of the buoy are the most important in thés. t& he tests of

the setting down of the SRB with four auxiliary lysowithout waves and current showed an angle vaniaaf 4°
maximum, as shown in Figure 6. The setting dowgabeafter 85 seconds of the beginning of the measemts.
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Figure 6 — Angular variation of the SRB during #at down without wave and current

The results of the setting down of the SRB with shee number of auxiliary buoys with wave and eajeint
current had a more regular behavior, without gvegiaitions of the angles, as shown in Figure 7this test the setting
down began in 130 s after the beginning of the onessents.
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Figure 7 — Angular variation of the SRB during #& down with wave and current

The variation of the trim and heel angles of thaBSRthis case showed that these angles were dbaoieuse the
wave direction helps the buoy in keeping the hariabposition and in the final process, the vaomatof the trim and
heel angles are minimum, because the SRB is hotngyrit.

According to the measurements, the disconnectiothef dead weights gives acceleration in the SRB and
therefore, a variation of the tension in the teredoBeyond this fact the tension of the cable efdhad weight was too
high.

5. CONCLUSIONS

The set down of the SRB had a variation of the &imd heel angles below 2° at the final positiomglas grater
then 2° turn this installation not feasible. Tduee the angles of the buoy, 4 ships can be usédr the buoy was in
its final position, the tendons can be installedibeing at the stern of the buoy.

An equivalent current used in the tests helps RB ® reduce the trim and heel angles, helpingIR8 in the
installation. The value chosen for the tests wiastaximum velocity that can be occur at 100 m maepth.

The installation of the buoy using only one deadgheshowed that a bending moment was generatedhrend
tension was too high. The procedure was reviewsd considering 4 dead weights one in each cornéhetbuoy.
Beyond this fact, it is more easy transport anddleamaller dead weights instead of a great one.

After the SRB was in its final position the tendaasild be installed in the chain-stopper in anyeotokecause the
trim and heel angles remained at the same valeetaf first tendon be installed.
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