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ABSTRACT: This study demonstrates the result of mooring analysis for five spread-moored FPSOs having different length-to-breadth (L/B) ratios
from 4.5-6.5. FPSOs are subjected to four metocean conditions, ones from the Gulf of Mexico (Hurricane/Loop current condition), West Africa,
Nigeria, and Brazil Campos Basin, which are amongst the most typical offshore oil and gas fields. With change in design parameters of OBA
(Outer bundle angle) and IBA (Inmer bundle angle) combinations, a change in the line tension is demonstrated and the OBA-IBA combinations
having the smallest line tension are presented for each L/B ratio and sea, respectively. This study is expected to influence the preliminary design
layout of an FPSO spread-mooring system as a function of the L/B ratio and metocean conditions.

1. M = A1 FPSO9] A4 5ol &g d77F 3= o] gkon, of
402 Wichers and Devlin2001)E HAIZ THGulf of
28 . Fpmel e A LS Hm—g}§ ojedo] Hajollr]  Mexico, GoM)ollM 12]AI] ZZ(Hurricane condition)¥} =%

Az A7 et AX sk BAL TR YL A &l 27 (Loop- current condition)®] 3| YEAAEE HiROE
= . QA S 9= 2e A 3§ Ok-_TLJ_E,] Hgo] ssw gy, B AFE FPSO2| 2tolAfot AlFAle] Ao Wzt w
B S| FTRES 9§44 28 Station-keeping system)S B A9 9 ez WitE A7k Codiglia et al.(2002)+

ol g3l oAl 9B §AF 4 ojof i, oAy AMOFEEITF HUelA|2ol(West Africa Nigeria) 3] i 23
| BAe] BEdh slEo] uHElA $wE i, ule, zae  ARE HEOR oY Al € FPSOSt MERAE Tandem ¢
2o sjgsAstEd o3 6AEE X0 I A 5 AR WS, dFe T8 AR AY 5 exMe W
Qlojob FITh Fgal UG A AR 34 AE|(EPSO, SlE ATH3ITE 20013 ©]% FPSO Ax]71 s71e #HA = 9
Floating production storage and offloading)+ Hlx2 £} H] s Hepd(Brazil), Aohze]7), =3l(North Sea), ‘&=
go] s A% s|7to] Fol AR Ho|WME Ao giet  (South of China), F4% e 2Edd2]ok(Northwest Australia)
Aeko] Aol k= AAS AT Qo) A AA s @ e sFell 1513 2] FPsO7F &9 Fol HHAchmad, 2015).
2] AesT ok AR Thorst slee] sEsAzA s L o °F 14039 Fa AYe AR At Zols of 250m~
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dutH o ® FPSO+ 9AE RFAISH] f18l €3 Al (Single
point mooring), ™ ZlF(Spread mooring), E12l AF(Turret
mooring), 52 X|A|o] A]28l(Dynamic positioning system)
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3] Lim et al.(2009)= ©H A€ FPSO2| Al 5712 2ol
of B3 HA3 HAE s vk vk AT AFAIZ=E
AARTE AAshe 2 A= A s, 7€
of FRPH ZEAE] A5F A&t e AAolth wht

a8 K
& 3o
o -
N
Jo
N
oX,
ofr
2

tlo

= 5

ALt

ol

23} st

21 25 oM =A
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AEs7] s el 285m, F 63m<l FPSOE 7|ELo.=, H
Fe 7hed ASHA FANTIE Al Aol 7M1
2 ZAA71EA I/B7YF 5.0, 55, 6.0, 6590 44 2] FPSOE
Ao 2 MAYrHTable 1). F7H4<1 FPSOEY x, y, z5ll th
#A W4 (Radius of gyration)2 7|27 o] 22} 0315,
0.275Lpp, 0.25L,,5 218331, Ao] WaF FAZ4 (Longitudinal
center of gravity) #IX= 71818H4] gAF WMAS A &8 7
F Atk HH 5 AEsHE AFE 8 (Surge motion), FH--
58(Sway motion) 3 4458 (Yaw motion)ol| A4S EFE W
Az S8l o 5ol FES vXA & BHoE A F
o] AfFTel Beele oRAAde P =3 ALt
A AEEE HES] f8 AA L] Ads 9% 4
kel S <F 1,00070901 4 4,000744], 1,0007] @12 H3}kA|

& SLodd Ay o

[e

A ATAZE A Ak S TEE AY, AFBARA AUA 6 AHE LBl thd o} A, ) AF, £F RAO
5o YL sk AT WaAel BT Tk B AT of £4E Hldck ol B ¥ Aol A8E Axe] 7
AMAE THY AFAZE WA Alel T AAMSA AR Aol S of 4000710] 3, olm AX Wl oxR 1% wgkelm

L/BS} )87l thel As 14 s, ARAel des
Aeo| 27)e] WaE AEN

g FPSO9] &5 88 2 steS =2317] 918l BV(Bureau
Veritas, Z52> 13)2] Seakeeping 3l14] AZEg]o}Q] Hydrostar
v7.22E A3tk Hydrostare 3D 3jdH & 7|Hto 2 st F
= Joo A AF L 2%} Radiation/ diffraction 3142 433}
W, 1 AAZ 6 AFE 5o ¥ RAO(Response amplitude

operator), Al A AF(FIF A& 2 A4 A=), 12 &

Table 1 Main particulars of FPSOs

2 ool A3 AxA g BAE) sjAo) AHeR 3 3t
% 0.04rad. /s 2.0rad./s7HA] 0.04rad./s THE 22 F 507H
ojth

22 25 oiM &t

o FPsO9] &% 34 Ade AgdTe] =3
(Lee, 2008)9} Hlawste] HEgch dnbdom BfAo &
A A 29t A HENS 1Y £ ARE FAN 3
T8 5ol 29 ARG A 7o) o IA A-8st
€ 2o A vk weba] FA AN Y A EE 3
Ao FeHE neFoA R3AF Aot YAARI

£xo] Ay == Al vldshks nAdd FATE 1y

Description Magnitude
Length to breadth ratio L/B 45 5 55 6 6.5
Length between perpendiculars Lpp 285 m 300 m 315 m 330 m 345 m
Breadth B 63 m 60 m 57 m 55 m 53 m
Draft D 13 m
Mass - 225518 ton 224,536 ton 223,972 ton 226,412 ton 228,093 ton
Longitudinal center of gravity LCG 14226 m 149.75 m 15723 m 16472 m 17221 m
Vertical center of gravity VCG 16.71 m
Longitudinal center of buoyancy LCB 141.46 m 14891 m 156.35 m 16380 m 17124 m
Mass radius of gyration in X axis K, =031B 1949 m 18.60 m 17.67 m 17.05 m 1643 m
Mass radius of gyration in Y axis K, =0275Lp, 7842 m 8250 m 86.63 m 90.75 m 94.88 m
Mass radius of gyration in Z axis K, =0.25Lp, 71.25 m 75.00 m 7875 m 8250 m 86.25 m
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31771 943 Molin(2002)0] A2 4] (1) ol 3] 23 1]
1 37

AHATE ALY olwl ¢, 72 025 A, o] A nt
A mE=E FPSOd disl A48 <+ Qi
B,= %CULBA @)

3. AlF alfA

BV9] AFNAE 2ZEY Q] Arianed ©]-§3te] At - sk
ZE9 6 AHrE &5l ts RAO, #4598 A, 97
o}z 55 wEgoz AFAzHY gk =53 §4(Quasi-
dynamic analysis)< ‘Faﬂi‘iotq AZE FH AlEH el AR
=2k AEFCIAS F 3R Bt 1% Ao R S,

I

Segment 1

914m

Segment 2

Segment 3

%

1734m

Fig. 2 Sketch of mooring line

Table 2 Mooring line properties

Y3 A =AM 307“'/] M2 BE 3 91%(Wave phase) Segment 1  Segment 2 Segment 3
S KR 3| He z
o 2 AlgwleldS | _g shat, SAHRL 7S Hesh Bk T R4K4 studless  Spiral ~ R4K4 studless
A w=E AV =3 ype chain strand wire chain
Length 457 m 1,127.8 m 9144 m
31 AFM 7Y x| ;
o) ARHEE ololzl AFH o] & 4707, o 7 Dameter % mm
- Weight in air 159.6 kg/m 41.3 kg/m 159.6 kg/m
Weight in water 138.8 kg/m 33 kg/m 1388 kg/m
3 B Stiffness 643,605 KN 962,112 kN 643,605 kN
OBA Minimum breaking
P N Joad (MBL) 7988 kN 7,0805 kN 7,988 kN
L
N FA whdEe] Aot A, A3t e-del sl o AR
I_. 2 X" th(Fig. 1).
: o ARAZEE AR ARAEY e suis
27y FfA12] w0} 2] = (Fairlead) 9t sl AW 2] %37 (Anchor)ol
: 349 ol A ANe] FoF ol ofs) B4 (Catenary) B4
— £ o] % 74] Fth BV Arianec A= Hlojg]=e)} A Alole] 4
B 8 7 AR(FA)ek 271 AEol tid ARE o] &8 AlF
N 9] A Zol(Paid out length)E AlXFsHCE 7} sjofg] ol A
BA7IA ] FHAYE 1,734mo]aL AEL HEEH, BE
Fig. 1 Schematic drawing of mooring layout ANAS 874 12 A BEs
Table 3 Metocean data for each field
o GoM GoM West Africa Nigeria Brazil
Description - .
Hurricane Loop current Swell Local sea Campos basin
Significant wave height H 129 m 61 m 3.62 m 289 m 7.8 m
Wave Wave peak period 7, 14 s 11 s 159 s 6.8 s 154 s
(JONSWAP
Spectrum) Peak shape parameter ¥ 25 20 15 3.3 17
Wave direction - 270° 0° 180° 202.5° 202.5°
Wind 1 hour mean win speed at 10 m - 4112 m/s  22.35 m/s 16.1 m/s 28.3 m/s
(API Spectrum)  Wind direction - 240° 0° 202.5° 25°
Current speed at surface - 1.1 m/s 21 m/s 0.92 m/s 1.75 m/s
Current
Current direction - 300° 270° 157.5° 225°
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Alg= OCIMF(Oil Companies International Marine Forum,
2013) A5E o] &
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Table 4 Mooring analysis conditions(Total 560)
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4. °
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Fig. 3 Maximum tension at hurricane condition in GoM
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Fig. 4 Maximum tension at loop current condition in GoM
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Fig. 6 Maximum tension in Brazil Campos Basin
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Fig. 8 Maximum tension at loop current condition in GoM(L/B 4.5)
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Fig. 9 Maximum tension in West Africa Nigeria(L/B 4.5)
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Fig. 10 Maximum tension in Brazil Campos Basin(L/B 4.5)
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Table 5 OBA-IBA for the smallest maximum tension

Bundle Gulf of Mexico West
L/B ] Brazil
Angle  Hurricane Loop Africa
OBA 60° _75° _45° _75°
¥ 2° 2 4 2
OBA 60° 75° 45° 75°
0 2° 3° 5° 2
OBA 60° 75° 45° 75°
> a 2° 4 4 2°
60 OBA 60° 75° 45° 75°
IBA 2° 2° 4° 2°
65 OBA _75° 60° 45° 75°
IBA 2° 3° 5° 2°
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