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Feasibility study and system design of dual offloading for
cylindrical FPSO under complex marine conditions

XIE Xiu—long'?, ZHU Hong—jun', ZHANG Zheng'
(1. School of Petroleum and Natural Gas Engineering, Southwest Petroleum University, Chengdu 610500, China; 2. China
National Offshore Oil Corporation Shenzhen Branch, Shenzhen 518067, China)

Abstract: Due to its cylindrical configuration and distinctive motion characteristics, the cylindrical FPSO
faces significant challenges in offloading operations under complex marine conditions characterized by high-
frequency variations in wind, waves, and currents. To address these challenges, particularly under the
persistent northeastern and southwestern monsoon conditions in the eastern South China Sea, this study
proposes a novel offloading system featuring dual offloading points, bow loading, and position-mooring
configuration, intended as a cost-effective alternative to high-cost DP shuttle tankers. The proposed solution
integrates a bow thruster on the shuttle tanker and dual stern tugs to enable coordinated control of heading and
position, thereby enhancing operational safety and adaptability. To verify the feasibility of the proposed
system, a combination of numerical simulations and full-mission maneuvering experiments was conducted.

The study systematically investigates key technical aspects such as the selection of shuttle tankers and tugs,
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indicate a positive correlation between the tension and angle of mooring hawsers and the shuttle tanker's

displacement and length. This study provides technical guidance and risk assessment insights for cost-
effective offloading operations of cylindrical FPSOs in complex marine environments.

bow thruster configuration, and mooring hawser design. Results confirm the feasibility of employing a 75 000
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DWT shuttle tanker for position-mooring offloading at the Liuhua oilfield in the South China Sea. Findings
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Tab.1 Design parameters of the cylindrical FPSO

AR/ AE AR/ HE
EA%E /m 72 FE#HEK /1t 79 800
WK /m 22.8 RIS E /m 10.2
K & /1t 101 000 JEERFRIA 8L /m 16.5
FE#ZK /m 16.5
1.2 %R
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Tab.2 Design parameters of shuttle tank’s bow thruster and tug boat

ing points of cylindrical FPSO

H R/ 4 XU Hi
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HaFe AP ST /KN 2785 FHite=1370, HHHiiE =490
HEFEBHL ST /KN =686 2686
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Fig.3 Curve diagram of cable line characteristic
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Tab.3 The correspondence between chain stopper SWL and shuttle tanker DWT
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Tab.4 Design parameters of the mooring hawser and tug towlines
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Fig.4 Static analysis of a shuttle tanker
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Tab.5 Calculation parameters of double stern tow dynamic analysis
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Tab.6 Key parameters of the numerical model

Ve S gl w52 e sYi= X gl Y2
fiEi 8] Oy /° —60 -30 M 10, /° 45 ~ 60 40 ~ 55
TREE A A S 10 /° 90 135 Y5 A O /° 15~ 30 10 ~ 25
RIAKRLEK S F /KN 980 980 RIAKBAEO I° 35 22.9
2,143 T

eIk A M 00T 09 R IR RGE5K Iy | S AS A% o | HE8055K I S R HEA T e o)
B, XM 7 SRR A A T AT AT PR SRR . B T OLBC B ILER 7. RSO, W et ik Bl iR
R R PR, 8 A RS .
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Tab.7 Simulated conditions

SR THA THB THC THD THE T.HLF TG THH
MG Py /(ms ™) 8.2 8.2 0 0 8.2 8.2 0 0
P Oy, /° 90 135 90 135 90 135 90 135
TR Hs /m 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
TR A T /s 7 7 7 7 7 7 7 7
KR Vs (mes ™) 0 0 0.51 0.51 0 0 0.51 0.51
HidiF Mo, 1° 52 44 46 40 48 42 60 53
Hutr 16 /° 22 14 16 10 18 12 30 23
FEECRES /- S ez L ez HE= % HE= %

2.1.5 HHRER S
BEHCE A E P FURAS, AT R BT VR ARG Sh Jma . ARG AR T 00
PRIAKRGIFHLE A B RS K A HE LR 8.

RS BEOWMER
Tab.8 Results of static analysis

PR S THA THB THC T.HD THE THF THG THH
RIAKRBKIFL AN 48545 25811  437.54 23799 42319 23025  481.69 23441
RIARGIF O /° 27.88 21.92 27.5 22.83 25.48 2227 33.06 26.35
HiBEATK J] Fiyon /KN 204.58 107.63 172.09 74.186  178.76 79.68 221.66 112.28
HAIBIK 1 Fgp /KN 3147 224.87 297.68 217.61 280.69  216.16 320.66 199.57

X} 8 YEAT M AT A, I3 5 FPSO K 75 000 Wi g 2R i 58 dh AT SURRHL /R L IRE, 2R AR 48 . 16
25 A TN B B IK S1 505K 485 kKN, 221 kN H1 321 kN, ¥ % A (EIREE 2 AT 900° A T T . RIAKSS
I Rk FIEAR T 1960 kN A28 4 TAEZ AT, HidE A A1 B AO3EHT 7K MK T 58 23 119 80%, M i
AT HTEE AL AT AR U i 5 7 S8 T R AL K

SHAS IR AT S ER 3 h FRBE Rk i /E T M 2R G032 shi i 1 B, THEEE L 9,

H 2 9 AL, RIARSEAHELE AL B 5 K 5K 135 KA FE A 8ms AGE A 90°RT, o RIAK
i d Kk ) Kk AEAE T C, I KA 1360 kN; #648 A Fl B i Kok 1 & A1 T G, e KA 53 00
236 kN #1330 kKN, ZRIAKRDiI KoK R T 1960 kKN 424 TAEZR AT, H645 A F1 B Hi sk 11 Y08 T4
B RMHE S0 80% ., HE— 3 XERET AT A S 900 AL C. E. G DU T LAY &R IA K46k Anse fa vk
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Tab.9 Results of dynamic analysis

_— FRINKRLE5K 1 F /KN Ha i ATK J) Fiygn /KN HiiB3K J1 Fygp /KN
PEIE 2R EBORE CPEIE AeMEXE O RKME CPME BefEE BORE
T4LA 505.1 188.1 1203.5 204.5 4.6 2215 314.7 2.1 3223
T4LB 260.9 88.2 599.0 107.9 1.4 112.9 225.0 1.0 228.6
T.4C 459.7 156.0 1355.1 172.0 4.6 188.6 297.6 2.1 305.3
T4LD 238.9 73.2 566.0 74.3 13 79.2 217.7 0.9 221.0
THE 428.4 152.7 972.2 178.6 3.5 191.3 280.6 1.8 287.2
TULF 211.2 82.8 505.6 79.7 1.1 83.8 216.2 0.7 218.6
TG 501.8 119.5 1101.7 2215 4.0 236.0 320.6 2.4 329.5
THH 298.5 61.6 549.0 112.5 1.1 116.5 199.7 0.7 202.4
D I 37
z 1000
£ 800
R 600 k- LA AN A A A A AN M
& 400 PSS AL A A VAL T S S S I AL AL AL A NSV
200
0 1 1 1 1 1 1 1
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Time/s
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e - S e ... L >
L o o A T A I e o et L B L B A St £ PN L
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| N SRR
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Fig.6 Time-history curve of mooring line tension
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Tab.10 Main parameters of shuttle tankers /
_ e |
E il T-1 T-2 T-3 o
8K Loa /m 184 199.9 228.6 -
HﬂOA » ARACAM
HIFEB /m 323 323 323 (30°)
BEFEDWT /t FPSO
52 687 56 192 75493 A
(240°)
«~

P9 ZRALs M s AR R B IR
Fig.9 Schematic of the northeast offloading point at berth
RS8P i SRS WAL 6, Al X A C S8 A BEAR I T ALUE : K <16 m/s ELAE K<
8 m/s; A7 S <3.5 m; KAi5K 7 30 min PYE 980 kKN AT 3 1Kk, BRI 1960 kN; K459 £ 4 4
TEFEI-30°<0<30°, EHIE Fl-45°<0c<45% 45 A 2 AL FI-40°<0,<70°, —70°<05<40°, BT K H
RSEE WL 11,

& 11 SMERBIKRIEIF RS HIRE

Tab.11 Parameter settings for simulation experiment scenarios

. . FPSO it M R ErHE
it BAENAE o - - N — : N
R R /m R kn FOkIE 2 FFEE 2 KGHE kn KR 2 JRE /m T s TRIE o RAS BT /0
Ss1 At WE 100 1 110 290 16 110 1.5 43 110 F# 200
S2 ML CEEL 100 1 110 290 16 110 1.5 43 110 F# 200
S3  ZURHL FE 100 1 110 290 16 110 1.5 43 110 W#E 200
sS4 TR WE 100 2 65 245 36 45 4.8 73 45 . 60
S5 Mg CEE 100 2 65 245 36 45 48 73 45 . 60
S6  HURHE CEE 100 2 65 245 36 45 4.8 73 45  WE 60
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Fig.10 Time history curves of mooring lines tension
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AL 300 % A L S3 B N ARSI A i 980 kN AT UL, [HRpLk i e, RIAKREE
Je S YE R A 22 A A5 S1 5 R TGl RAIA R BE 3K 1 ik 2 R 48 e A i BN . I, 2
Dyt TR A i A R RS, 5 SR BRAR B A% LA R RS A SR 22—

R 12 T-3/S1 ~ S3 #EIULE R %t
Tab.12 Simulation results for T-3/Scenarios S1 ~ S3

43/ ¥fH FrifE2 F/IME BRME
SIRIARLE K I Fy ) kN 630.5 87.9 400.9 886.5
SIRIARLE A, /° -17.2 5.7 -25.0 -5.0
S2ZRIARLEHK 1 Fr, /KN 910.7 148.1 579.3 1372.8
S2RIAKRLE TS O, I° -47.5 0.7 —48.7 —45.9
S3RIARLITK I F3 /KN 851.5 113.8 490.0 1176.0
S3IRTANRLEI O /° —26.4 5.0 -29.7 -203

(2)FTF T-3, S2“qR 248" .00, P47 S2-1 ~ S2-5 I 5%l

F£ FPSO FIZEMRIMFEHAL T80T, 200 T 22 M FE IE 1T . 2200, A2 168 | 22 )5 ANE 5 7oA
71032 A SRR LUAR 5T B R KUaT, 4350 ok S2-1, S2-2, S2-3, S2-4, S2-5, Bl SL 5 S 40 WL
13, BRI AR LR 14, FHorp, S2-1, S2-2 W T RIAKRLEK Sy . Jefa L R Hids AL B iyhi )| ¥k
AR R VBN, RTINS 2 IR B APIR A, MR E IMAEIN 5t S2-3 Wi F RIA KRSk S 2
i 980 kN, S2-4, S2-5 Iy F il BT Hide A B MU P A BRIE SRR IS AL AR R IR A,
I S2-3 ~ S2-5 WAREETEIAY 5. T S2-4. S2-5 Wi F RIS AE IR BIRA T E, RIS F-4
fen R A T B, T3 T S2-3 I v AU | R = S PR A5 1, VEE — 2B B4 BT AR R AR R XL
P fF S2-3 Yy akah b, 3 m XGH 2 20 kn, A3 U 2 m, JEIH 4.8 s, 120k S2-3-1, SEEMAS 2 R
KEEK T . AN ZERR IS 5 1 £ DL B HAE S5 A S S B AR 2 A B N 76 S2-3 Jhilh I, gk a4t v Kk
2 24 kn, B P 2.6 m, JHI 5.4 5,10k S2-3-2, BULUL B, % T RIA KL S E AL 980 kN,
H i KnT3i5 1180 kN, AR L A TAMAE N . AE LM AR R A5 E T, 2RI AR A LIRS B X
R P T A B AR o 27 BTk, T-3 Zitimfefak . FPSO 4k, Z2IEM, A IEM G5 T %
G4 MG A 20 kn.

£ 13 T-3/S2-1 ~ S2-5 WHISLEWIFESHIZTE

Tab.13 Simulation scenario parameters for T-3/scenarios S2-1 ~ S2-5

. e FPSO IRBE R o i A IR ZERIMEE
Y BAERNE — o o N o— X \
RE R%/m KGREREE 2 FE Akn K kn RE/mo B s RE iR e
S2-1  TEIABEHL AR 100 200 1 16 1.5 43 FE 200
S22 TEIAREL gk 100 155 1 16 1.5 43 FE 200
S2-3  TEIARL B 100 110 1 16 1.5 43 FE 200
S2-3-1  FEIARE Pk 100 110 1 20 2.0 4.8 FE 200
S2-3-2  FEIAREHL R 100 110 1 24 2.6 54 FE 200
S2-4  FEIABEL R 100 65 1 16 1.5 43 FE 200
S2-5  EIARL 100 20 1 16 1.5 43 200

(3)XF T-1. T-2 43 3ik4T S2-1 ~ S2-5 Y sefbisil

I35%F 5.0x10° MiZg A 5.5%10* WY T-1. T-2 ZEHRIMAETHE S2 BT, B2 Be 4 L W3 15,
FE% 15 AT, T1, T2 76 S2 ¥ R RIA RS 1 | Jefa LU A HE ST 5K T7 . Je M ¥ & - RE N .
X EL A MT 2 I, Bl SRR IM AR AL Y RRAR, 2R TA K BE Y 7k 0 B f B AR AR e B A S /N B, M e AL
B (1371 $7 1 R0 A B AR AR FEL ISR LU /)N, 33 26 BH SRR IS 119 22 W il 6 7 2R TRl B8 ) 2K 31 SP-Aif 37
B, RIARGE R R R R R
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= 14 T-3/S2-1 ~ S2-5 {EISLIG LR
Tab.14 Simulation results for T-3/scenarios S2-1 ~ S2-5
Yt KK S RN R85 o AR AN JEZEAJ o BRI AN HiZiBIeS o

S2-1 196 ~ 490 —5~-1 147 160 117.6 200
S2-2 196 ~ 980 —26~-19 294 190 343 225
S2-3 176.4 ~ 1160 —36 ~—30 294 200 392 240
S2-3-1 137.2 ~ 1040 —20~-10 392 200 392 240
S2-3-2 117.6 ~ 1180 -11~8 343 ~ 392 200 ~ 205 274.4 ~ 392 240
S2-4 98 ~ 882 -33~3 392 180 98 ~ 343 233
S2-5 0~882 5~65 98 ~ 490 145 0~294 215

R 15 T-1.T-2/S2-1 ~ S2-5 I LIGHER
Tab.15 Simulation results for T-1.T-2/scenarios S2-1 ~ S2-5
G R RS AN REiJf o HERAR AN HEZIAJCH o BRI KN MBI /o

S2-1 98 ~ 490 -5~—1 98 160 98 200
S2-2 98 ~ 784 -16~-13 215.6 165 107.8 225

T-1 $2-3 49 ~ 539 —-13~-4 245 200 88.2 230
S2-4  392~617.4 —-6~20 264.6 180 0~215.6 230
$2-5 0~ 882 5~65 215.6 ~313.6 160 ~ 180 0.98 230
S2-1  215.6~333.2 -1~0.1 0 210 196 180
S2-2  352.8~460.6 —22~-19 147 210 205.8 180

T-2 S2-3  5488~6272  —26~-24 245 220 343 185
S2-4  4704~637 —29~-275 245 225 392 180
S2-5 196 ~ 294 15~30 0 210 343 163 ~ 174

LEAFE 14 FNFR 15 BT B, T-1, T-2 Fl T-3 = RS- 22 I e 70 R IR A T W 6E 2
AMRIVEN I 2 AR . SR, 76 T-3 23k, FPSO 24k, ZE 1Mk A2 1B W) TO04 14 T, 4 f M
TRy 20 kno S OREESMEAE L 2 4, X5 Fif/INTE T-3 BRI ES, 7E R R A B R 2544 F
ANV 8 R I R (B R 2 B] 20 kn 447 .

(4)%F T-3 43| UEAT S4. S5, S6 I ibifl)

R4 3.3 97(1) . (2)FAAIBFST, ZEMIMES IO BRI, AR 4ERr 5 LS4 R B R . ST,
ARATE B T-3 TE VU pg SN L SRR A M R T KGR AR A . X T-3 435 T J& S4. S5. S6 =
P EERTY, 450 W: 76 S4. S5, S6 W T, RIAKRLE 548 B M4 K SEINE T2 251
ZWN o PRI PR, B XUE R 2 40 kn, 20BN S4-1. S5-1 Fil S6-1 375, HAF 45 T K
55 84 ~ S6 X BT 16 FIE 11,

R 16 T-3/S4 ~ S6 UL LER
Tab.16 Simulation results for T-3/scenarios S4 ~ S6

i REBisk ) kN REGJS 1° fEFeBHL ) KN fEgiBJ s /°
sS4 343 ~ 784 ~17~-7 441 180
S5 245~ 980 ~11~4 441 170
S6 343 ~ 588 -15~23 343 170

S4-1 137.2 ~ 1040 ~20~-10 392 170

$5-1 98 ~ 1270 —40~ 43 294 170

S6-1 343 ~6174 -15~25 343 160
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Fig.11 Comparison of simulation results for T-3/S4 ~ S6

YT 40 kn i, S4-1 350 RIAKRSE5K A7 1 BUEE A 980 kN AYTRLL, bl i i [m] v 522
VLN, KRG IRLAL T4 25 H; S5-1 5t T RIARLITK I FrLim i 980 kN 2 &FRAH, Kk
FATE—40°~43°1X [F] A R IE P ), Ab T RAR SRR S6-1 5T RIA KRG I 5 I M B4k T2 4 i il
Wo T S5-1 0 S4-1 1] S6-1 i A rh A1, PRI T 0 oG v SN et PR 46 M Vol ) i 5 Xt
36 kn,

4%

AR i B AERAUA AU SRS 5 1977 58, XA R L ) 2R il AR 7 [l 5 R i B 75
T FPSO WU A G i st Sk AT MOT DT, ERAHEWT .

(D)EFXF B fa7 24 FPSO 7R AHEOL T AMa VR AL R BRI, A SCEE Y A9 SMNG 7 S BRI AT o 205 545 R
A DP ZE RIS AR AT 58, i e i A M VRl SRS 8 17 A9 B R, TR TS Ml
L AVERIPREEIE L

(2) ZEAR IS B 5 IR BESK 1 e M S IEAR GG AR o Bl AR (2 A AR, 2R TR RS At
B 5K T 1 e A AL AR E B A L D/ VB e, S IIARAAE LB/, 2R IH R GO 5 A B s 2 A 1 8, AR
M2z A PEAR X

(3)T-1, T-2, T-3 =FRL SR ZFRMEETE RIS T HRER R IMa Rl A2 420K . BflHERR
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