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STUDY ON THE DESIGN OF THE OIL SPILL
RECOVERY AND STORAGE SYSTEM AND THE
MOORING CHARACTERISTICS

ABSTRACT

Accompanied by the rapid development of the offshore oil industry,
marine oil spill accidents occur frequently, resulting in a number of serious
oil pollution accidents. At present, offshore oil pollution has become one
of the most serious and complex problems in marine pollution. How to
recover and store oil spills is a very important research topic, which is of
great practical significance.

For decades, the rapid development of Computational Fluid
Dynamics (CFD) technology and the continuous improvement of computer
performance have attracted more and more attention in numerical
modeling and prediction of ocean structures based on CFD technology.
Based on the JONSWAP wave spectrum and NPD wind spectrum, the
ANSYS and Orcaflex software are used as the tools to analyze the static
and time-domain responses of the floating storage tank and its mooring
system. The technical feasibility of the oil tank proposal, including the
effect of mooring on static and dynamic response characteristics of oil
storage tanks is analysed. Then the suitable proposal for recovered leaked
oil storage system is recommended.

Firstly, different storage proposals for leaked oil recovery are
analyzed and steel floating oil storage tank with distributed mooring
system is proposed as the research object of this paper. Then the structural
strength for the floating oil storage tank under operation and installation
conditions, the intact and damage stability are analysed to find a
reasonable structural design. Based on the characteristics of metocean data
of the proposed target sea area and the common used mooring system,
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three mooring arrangements are developed. Then the mooring static
characteristics and overall positioning ability of different mooring
arrangements are analyzed. Based on the analysis results, mooring system
with six anchor chains are determined. Then the dynamic analysis for six
anchor chains are carried out. The horizontal displacement of the oil
storage tank, the maximum tension of the mooring chain and so on were
investigated in detail. At the same time, the causes of the trend of the
analysis results are analyzed, and the technical difficulties of shallow water
mooring system design are pointed out. The mooring system proposal and
anlysis results laid the foundation for the future implementation of marine
oil spill recovery and storage system.

Finally, based on the analysis results of the storage and mooring
system, it is concluded that for the shallow water oil leakage, floating oil
storage tank with six-chain mooring system is a recommended proposal
with good technical feasibility.

KEY WORDS: Oil Spills Recovery, Floating Oil Storage Tank, Dynamic
response, Mooring System.
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A Pre-Staged Response to Deepwater Oil and Gas Spills,

Based on Proven Assets At Work in the Gulf of Mexico
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Fig. 1-5 Simulation Diagram for Subsea Oil Leakage point



AR, O T RERE i I 2 A e N R N e O A A el [T
SRS ERAE R S AR T, S A RT LAY SR o et iR )

S ArPISRE I PR SR I T RN TR (R AR, BORBN A, AL
BN 5 = b SR Ot WIS AR DAL B D T I, S B
I Bl N S A B R G M BN R . RN R A S 2 TN, TAER
B, DR AR SO o v il [R 1A PR it A7 R e RETT I 9T

1.2 fgmAn ZR AR E R IMARIRK

B A A R R W 0 ) IR A, IR B A A 1A AT L
RGO IR ] L o
12.1 8 LEHAR

N 115 N o e N NTETY 1 N SV L S -y v
1.2.1.1 7K T3

ZANS R ey e ) G e D SR W% S W 79 el P = b BT e W G o
i AN ESR AR A, OS] T RROKE. R AR i HL
TCREBTER, i i R 2 2 A SAR N A

RSN

B 1-6 2ibmE K Eigik-FE
Fig. 1-6 Oil Storage Platform for Chengbei Oilfield



A A 2 S
1.2.1.2 7K E N

ZRC I g SR P e e i sy, ORI A RORS s, TR
NI T R ge b, AHR IRl U 5 % SO T, SSBERR
T BB A A AEE AN 1, BRI R A AR 151 B

B 1-7 FX&E T hEE
Fig. 1-7 FPSO

1.2.1.3 /KT I5H

ZA e Ti b = i1 VA RSP VA 11 N NP5 7 Y W e £ e s
MRz ar s SR, AR, BEWIEN 2R OT A/ Ko K NIl dr Tl vl eSS 1
AR, DRI REA RABE T R RESE P X, RS2 PR AT s AR
G AN 2 W ) 2 A A7 AL

I M ESERIARZ IR S M R 3R A, —fe R Ldtig, Rl (T8
B BITIUE IR 22 BeAr B 7K R U WA H BAL G K T ik it e 22 4 1 7
VRBE LA HE, ARPEAEPLAGE T K R R AR, R A R AR B
TEARGE O e R e KT e e [ 9 A PO S SO A Tk ot 7K e A [ 4
YOI . BB RIS hEE i 7 SR A T rp i S5 LR 2
s K 7 MOV RARAA AR A B VA 0 T KR R R, I B AR T i L
PEFRFI LA S, 2 BIBAR T DK S B8 8 R/, HLREAR FL LA, [
BERA RUFIPURETERE: Smfe T HOW R RBK MR, BEAA BT &S 2R
PR S RV AT 1 TR o 7K i RE PR i A B A A 3 JFLORT 8 T A 9 e e T 1 3
JRER KN il G SR R SR B e T AP BRI« AR B HUT A LE



J:“‘ ~

&
S
&
H.
4l
=
H_
B
)
&
=<

BSOS M A Ak, MR P e b BAs e B2, IRk T i
JR A AN T AR T N 2 (R (R it A7

B 1-8 KTt &
Fig. 1-9 Subsea Oil Storage Tank

2012 FALH AT b i PDAC PR T DU R =R LK vl [PDACRE R, 5
— 7 2 i b R SCER B, AN LR T AR i
€ SO 1V1: T [ S €19 1 90 G B w0 B e o T 6 ORI B L BV KR HE /K= R R R Ve el
S I B AR, SEBIL R Y 1 2 DL

6 7 8

mma
(D) A EE (2) Btk B) Imdan (4) $A4kEE (5) 1#EIT (6) 1#:E#EE (7)
BARGEHE (8) HFAR3k (9) 2#EdEE (10) 24T
B 19 MAKTRBHLEE-FTE ]
Fig. 1-9 Subsea Leaked Oil Recovery System-Proposal 1



J:“‘ ~

&
S
&
H.
4l
=
H_
ak
)
&
=<

5 RO R ROy SARKL, AR TR NI

SR PR e O, (RO T R T R, A0S RO
FEAME MEESE GER . BOEE B AT SRV S e LR ANE K
o

i3 e e S
(1) FHKEE Q) Fhau4 Q) o @) %8 (5) REEE
B 1-10 #FHA KT RGEDEE-F £ 3

Fig. 1-10 Subsea Leaked Oil Recovery System-Proposal 3

EAUp Ry S 1) E: Wi N R S R B e QN e B B e
BEE I SN R AL e, ]I BCE i e s S [ 2 A 2 B B I
o AL ATRC B AL AR IR KA ) AR il E A R A s, BASEBILIK R
EE/ELLE

(1) #pifgmmat () Fham (3) meEast (4) Roust (5) 44
B 1-11 AR FRGECEE- £ 4
Fig. 1-11 Subsea Leaked Oil Recovery System-Proposal 4

-10 -



A A 2 S
1.2.1.4 Ihg&
ASCHNEE T =R Ewsgnh 7 s s, BB A S T S SR N .

& 11 s Kk Hate i
Table 1-1 Strength and Weakness Comparison Table for Different Oil Storage Proposal

=5 243
K bAoA, ST REA R, BB I T ke
JAE K
KRR AR HLshiEE SRR, TT R A 5

IKF TR ZPIRMNEGE KN REARSZIE RN A B A K
Wi/, PURETERE RIS W e JE fidf 8 0 ¥ s 1 3t Jo 22
TR} 2 4 SR s
KON AW ER B R R R AT 2 A
AR TRE SR ELAid il AR

g

BARKRE, A iE e E, KT AR & e, HF
BEYDHTASSE P2 B ZRAEK MR ZE R T 5, A BN 3& ] T e i vl (RSO 56
MU o (HIET W RS @ R BRTE: B 5EK N R AR RS 25 3L
RIRAIE AT TRESC B, FOERRAE 1L B . ARG DS Pl 55— AR A 1) BUF R 15
FUSCIEMEDL, Rt AR IE R, B35 M B R 20K B8 = IR 4
B, WK N SR E AR A AR R B, RN AT RE S PR AR
T LU oK N RN ZE A il A 32 2 B SRR, i i RBOK
W2 K BIPRE K N A 2228, BBz b i) A&
LRt LR M A5 Ve A L ik ISP SR, AR SCHERER Y 3 2 1 e 3
AT D it v [P R A ARG XMt s 5 oK T Al s S, EA
Al T H s BRI Ui de, JLaityf g, g, RABE st rbm
A
Lo ANAAAE D Fhdse i WRORERE, BATIN LS T, 12 e Bt =
W AR TR R N BN AR A AR DR RS T
Z A s

2. AN A o T AR A I o e Dy M e R U AR, & P AN (R ]
eI 5K 5

-11 -



a5 N 2 1 s S VAT

3. AN X v AR B KR DL A AT s A R, TR A Y
Wi A [RDRE 2 i P Y A7 R 75 2K

4. DLW 2 it vk B A i A7 R G ) Y [0 A A7 2 e L — IR B RN i
FH AT LA 2 I 75 SR R R

5. MWNATFHRE, MM ARG B TR R,
T2 WEEM Et TR, ARG R A

PRI ) 3 Tt T [ SCOR B, A )77 A e — R AT HE IR SRR IR T &2 .
1.2.2 ZiAA K EH zh 10 89 E A SN R IR

FER T R TRIETF A & I, R E A 2T VR T 7 Ui &
HHERMBRMATHE N 1508, B AE AR IS 3l i N ARG R 15K ) a2
T EEN.

WAV S M BTt A FBOREB 2 KR, M 1 2 56 77 15 21 B8
J7ik, MWARG I Tk 2R 2 N B = 4E 073, At a RIHERR A T K
W BEPE R o PRI AR ART R WV S S A T RS2 M e AT 480, B IR IR & 06 H 3
AR FEERFEHEZR AL (Morison) . %450 X AL T[] 7 245 M 7R PR
X ) N AR T2, R AR ) RIS e S B IR A e vH L A
PN ROBE R CRIRA A B AR 5 NS I8 R 38 AH b ROBE A /N A A D, 22856 8 5C
H AR ks RE s JRBRTEAE T8 5 R AR GRS RN, T HAS K51 T
AR DT R B 3 30 SERBAE THE AR 1% (CFD) ST oAb 4R
PERIRIE R e, 4K B s B B T R Rk e, SR AU R £
L AR TRAT SRR = YR AR AR B IR T RGeS RIS 1) 38 B mT

RIARG— e BB 50 o0 ARk, Bl BE o 5 4 R I TR AR S H AR,
T S PR AR A IE . BRE R T S T ARG s T 2, B
AR RE, HArR 2 X TRt ER R R Ryp 720, RIARAEIN L
2] SE T R TR R 2 a8 5 IE W BRI AR AOR B . X TR 5 i
AR UL, BT REMATH Tk, Befgid Ny v g5 i W) it Ak ity
FEMETRNEE AT R R G, A2 P v G TR B A T i () — A

R RGE B 53 AE T MRS 1 M ANBY B, 551082 RID RS W
WA —2, W dEal. b TR Uai ) — B T 3R
AR SERVE R, DRI 32 i N 20 B A AN B A R P A 2. K A
BN RGBS NREVE, SN RG22 a . A5 QB

-12 -



a5 N 2 1 s S VAT

VEFAEIE NS M) R0 R 8 A, 4 Bl IS ) A2 A0 I AN [R) g AT &)
30 OFUETEE KRBT @SRRI AT ; @ LLBIRIR AR 5
WA o I BATAT S AERE— AP ALE, SRR RISIX — P A B MR s
Bl o ARSI A2 T AR R g ), S kA8 SR . i)
SELMEROR AT, DU R RGBSR m R 2, e Rma it
AT LS AR ) 73 F% A% I8 e 1 I — @ VO ESR AT A A, ] LAFE I
b g2 18, HARGBITTEM BB B R BE S o0 9 Il R 2= 1M 5

RPRG I WE F LN T I NF WP K-F N 32 8)), [R5 2
Wi R EE RFA VLK, RIA A R RIE T ZERII WL R A
PR, RMARSEMNIE R, RENIERERA RPMHHASGNE . R
TH ARG ) Bk .

H T 2 50 TR G /B I RIA R SE, 12 AR B e X7, mT ok
& B2k & ¥H (catenary mooring). 7K E X R (taut mooring) B 5K B R H
(semi-taut mooring). 5K /1 % 1 (tension leg mooring)25!'%, BBEL R RS, A
JEIF R RS, R BELE A B I = ) F1 LA AE F 7 A (Bl 5200 SR AR 25 R M 1)
. AL, RSN, AR RPN Z SR RSE. RN
TEFEE AR R IR/ KIS U RN R 4% 156 22 Bl DR 25 L (R Aff e 1) o

I At R v E AR T R GEAE IR R R 180 ) Wi NI R SR A 2D
{HORAESCHR I R rh, A — i TRV XG5 M) 5 A8 SO 5 7 =X A vl
AL, BB o NPT Sl o IR AT R G A . R IR AL,
Ry ek e, FERBT R T Loy A WIVERT B3 Stk D7 B g LA K H WA R 2 1
MR A TR A 2 R Y, o, KPR B SR AE SR A T R SRR AR K
AT, LA AE ST b P ) U R e B o A o 6 DL ()48 U BT S A1 A0
BT SEFNAR AP e 3, X PO U S AN AR B R B L . VR A B b
CAERE A AP . 2P S5 . DB R AR P IRAE H T ] o 3
TEAR, W PRERG S A 18] DLV AR S B BT e SE 55 55 o Fh W A4 R 2R A
R A iy BT 5 2T 7 B b 3 Rt B — P 5 5 WUEE A R 2 1 A L
MR BT b o

ARSI At i m] DRSS U e b (R v 7 3o ¥ a7 e b 3 224 1 L
SRR E B T AN YR T 5 2 AR A v mT L BR R A vl R ) A v N
MiREIas), Rl N RURAETHIUE ), AT DU i X vl EE B IR AR R as
SN RSt K T B R R, (HIX R Uiy ok A s DL oK it
KE G, — B RvbA Y, UG R 22 LRSS 2R IE . SR

-13 -



a5 N 2 1 s S VAT

TR EE T uw B VR L IR KN FTAE DA A A T U S R A . AE
WRE RTINS IR SR LT 7 BN AT I ARz B A
% (Surge). 1% (Sway). T (Heave). iRE(Roll). A% (Pitch). fEFE(Yaw)it 6
™ HHEEREZ ).

Pangalila! "R B BE L 5 I G0 I IR I RN R G52 1, FEKHAE o b 45
RS HAR A TR . 45 AR KRN, R RS AT B 7 A AR 1
SO B R, 1189 0 2R VR B A ) i vl DA BRI Bk )

Gault!" LT BE L VL T T A E ATk SRR, WFoTa b b 2% fe T 4l
TIEMAH AR, WA 3R B R B R TR AT 3

2005 4F, 14 PSR = e i AR ST RS SRR A, SR A
FEVEAARaE e N A R K ) AR A . THELEE R I Y R R TR, TS E)
M AR A AN DR Bl R 4 9K g 3l 25 1 o

R E TR, Vg MW ai & A TR . A XA 22 it ol 3 R
T N TR G E T AR SR, TR AR ES A 1) B R 6 201 PR il E
VG2 . PRI 2 A O SR A s R TR N Bk T R R A
J7ae LR E DL R A R e A E 7 8 BB R

(a) DUBERT
:Lh‘h“‘t>‘r*"':=1ﬁjf"’;%
l”f>ﬂh;$&%“i

(b) TUHEHH

,W\

l./’\>\;
(0) FHEHEN

B 1-12 JUAF LR 2 7 X,

Fig. 1-12 Typical Mooring System

-14-



a5 N 2 1 s S VAT

SBEEPHE, MIRPABIAIE T, ZHEE T B0 4 AR S B L AR
TP I e DR TE AT 40%, XA ] FRACATRL 2, AT L 2 R A E PRI 22

2007 4F, BREPERRLHEE S Fe A ml R R L, TR T SRR RE . LA
FEARLE S AN T 0] 1R T 52 00 (R B~ 487 R e SR A i I i A SR A W VAR R e A i
WAEH NPT E . S5 RRW, B R ZE NIRRT A RO, R
AEAE S RTEARAT AR T 0 B A, AR v 202 B IR AR . OKmAE
N ETRTE AR A B S CEEAS IR SR AR 70D

2008 4, {7 5P S = My BRI IG AF 9T T R AE AR 11 R T
()5 AR R K B ) e 1 Rl A 52 PR 25 CREBEAR DN HE A B L /L s BEENIBE ks
FEEFLAREEE S KPS RIIE A o BEEAHNTIZIK S/d 55D [FARfL Al . SEEG 45 R
. Mg RN, B A G (A X B AN 56 S R G oy, R
VAUVt AL XS 585 VR 38 0 S9N I 5 NPk o 38 v 5 AS TR 5% i ERL 3R 45 0 38 By
PEPI M AR AN ] YR HE ) T IR I BE ) LA SR B 52 6t B d 0 e PRl

SO R ZR AN [RITT AN [F] s 15 VR T B 52 D) Rk S R AR ABL,  RAe 8l B2

TR, AR P S A A 0 IR IR TR A AR, HEE AR ZEAN K.

2012 4, Erik Byholt Hanssen**>% /1] Orcaflex #fE3E/T 744 (Sevan Hull). 4
FEMSLAE RS G 04, I 5 SRR AT XL, 25 R W] Orcaflex #AAFE S
oy M R SR 25 A& B, ARIRAZ B () gt v TR A6 45

2013 4, Hongjian Cao®'%5¥% ] naoe-Foam-SITU #4751 TLP “F& %&
ARG G WIS Z ARG i, BT ai RN, PR AR BAT W] 5 5

2013 4F, Xl AEPO%%5 R ) naoe-Foam-SITU R A%f T2 1% 207 & 7 B ik 4k
W EEE T BIBGR B Sy N AT T 0

2013 4F, Yuanchuan Liu®7%5% H] naoe-Foam-SITU %5 T3 EALISF- & 78
BIRAE T R g N Al RN, 387 Tl EINA S AEAN F] AR SR 1 8has
M) AR

2013 4, XimALEP4 R ] naoe-Foam-SITU #Axf T2 a0 SkoN A H iz 5
MU R G T I ARG REAT T 93T

2014 4, TPV — mE o3 A X R I R G077 A S e N SRR AE T R i
BN AT T AL . SO R RS SRR A TS b BTV E N 3 ) B
J7id, I HAG SRR ) A AT, A5 TSRS )2 A T By S A
BES

-15-



a5 N 2 1 s S VAT

2015 £, Yuanchuan LiuP"25 5047 7 RIH R G0 T2 12007 4 80 ) Wi N R 520

2015 45, AECIASOEAS I A F R [ 5 T 4 T X G R I 52 A T A A
UL, 5 BN K 52 0 48 AT LUAR o W90 45 SR AN I3 5 K0 D)3 7 LA L
J7RE R 7K 101 52 3 AR AR BE ok, 3 (7] 52 g RN 4 1 R0 DU L5 0

2015 4E, Carl Trygve Stansberg® &4 3% 500 R 2 A B HH IR S L i 3k
MRHEAT T RS A, a5 R ARWIBRAH LRSI REVEEIRIEAE T KRR 2k i
TR N HEAARIZ By il B R VT I )

2015 4F, Young Chan"V25 %] CFD T-Btwl T Gulfstar Z27H RS 55 3647 T
PEAR, K CFD vH 5545 3 5 S0 1) 22 5304 T 7O EG, Jf4e T 980/ 57 5% i 1) i it

2016 4, PV T— BB T 6 I R RS TSR & b . b4 1
KW, ZHrEEHssh s SEAE K T s SR, R —rigiis sh 2 &
i []PS =

2016 4, Yao Peng Y5t T PR A L 2 B 2191 S 2EIHRAE A R r3h
W NBEAT 7oA, R T RS2 D) A AR G RIS B e R o

2016 4F, Xiaotong Zhang V&t 8- 4 K BRI R S (K5 Iy W BEAT T 40T
R A RN, RN BN T 6 R S AR IR O AT — R

2016 4, JEEPIAE N A T PS5 T R IAM FPSO EIIR R IMig 2
NEHEAT T 008, TR BT IS5 IR T R CFD H AR 25 R 5 AR H 35 [ 4 7
T AR FPSO IaBh A RUME, [N TAEBR N FPSO /N [ HH Iz 30
A B 52 15 D o

2016 4, Yongyan Wul> 415 ACR W PG AL 3 TR A . RIA RS
ML ME ST IR B TS, G5 RRWT, RINARGEHAT BN Tl IR T
G AAFAE AR B o

2016 4£, Xavier Schut™ VR F R P 122 (11w 3 5 V530047 T R IR G L
1, S5 AR WI AR 1 7 VAR —Frs 800 JR A B kAT ORI 28 B
DRI TR o

2016 £E, B.Albisu 25U T4 T N BB AL T KK IR SR R
BiRE: BPRAEINTREE A 1100MPa ) RSS Zoil R FRAE N5 A2 % 1200MPa ] R6
2ol

2016 4%, F.G. Efraimsson 251 ef s Bl 4 th 77— Fhid 158 6 ACESFHEA
AR KR RR, MRAELRARSECAEE TMLL T, nTLUEH T
Hi K X FRBE R 75 3K

-16 -


http://dcwan.sjtu.edu.cn/userfiles/Xiaotong%20Zhang-CCSH2016.pdf
http://dcwan.sjtu.edu.cn/userfiles/Xiaotong%20Zhang-CCSH2016.pdf

AT R 2R A
I13ARANFEETE

S H RN A s el RO A AT T AR 2 T 9T AR, B
147 B HS2, T RARI DR g AR A AR B Rl AT
TREAS . KL, ASCULRE IR AR D S A A7 T 2 TN 4

iR EIEW R R aap T SO iy N o i1 I N )01 1 N A o L/ VR O
WA RAMR, TR, TR AKREhed. MR, &8
RENS I8 NI Lyl ) i R R RO R AR RSS2, (BTt B ol
IRt A7 ke B, R T &SR AR ity S SR R, A v et o [P A it
A5 NIRRT SEPEANSE P YRS A R 10 s N HIA% Geah e HEAT il K A b A 0K
Pzl ks, (HIELSEHREOURE MR, FLF A A e s 115 By B Jo Xk v e f
T e, O B e F T AR I, TR] I At R W 2 1 v il
Shdir, BATIEMIMESR, wlRetbey, —RBERHEK, AR I, R
£ AN LS DL SRSy IS | B i s e 1 L i

EHORHAE IR e T EFH VA L i [, AR T Rl S i AR A
EHCE . TR UE S AN e B YA EE AR M R A58 D REU b

(1) SR LI E R ge, Mol it ik Jsumh ;

(2)  HIEHCE, KA AR A 00y ik 077 S fk o s

(3)  FFUMHRES RIAREE, UK A A7 Pl 2 itk 2 sl &
T B N A TR e UM B B, AR S R P W 0 i I 2 T3 e T

(4) AR (FHREAED, R sUEEE N I sl S M 2 R e o

B 1-13 E b et R 4

Fig. 1-13 Leaked Oil Recovery System

17 -



a5 N 2 1 s S VAT

ARG LIRSS Sy, BRI B A AE € IBOARAE R, TR
WA PR, A SO ol e [ WS i A7 R 8 3 AR TR B R T T 9

s e At A 2R G0 5 S8 (T SR A5 7 U B 45 R AR AR M A AL 2
AR v A RER ] 28R E R SE,  JUEEXS 2 RIS AT T AT Ak il
SRR G ER I RIS JI 0N ETF oA, AR ZR P 3 o B ) 4544 7 5 S H A
AN 2R3 30 B EE RS m AT R, ANITTHERE B50E & (1 R G0 5 RANARIA T
2o DA Ja i e il B S PP AR PR 2 2%

PURE A PRABAS FT TV R AR A A S HE B

FoRHR TR TAREMI IR 5, DUSEE SO E A MO FTIRR .
G A REVE T A it KON i vl IR, 38 T WIS ol [P e 3R e 7 S (0 i 2
B AN BT AP Al SR A Y R v [P AR BRI A G5, R R
Sy T Ak I T %8s ZJm o At Iy SRR I SR AN 5 i g T LA
SISO REANBIE ST 170, DA SO AR W 7 0587 1)

S R CE BV R A ] W] T AP AL T R B A BRI
B B E . PR Rk, VRIS S BOA R, A T RS 25 W N 73
B LA R IR EE 1) 8)) 1 73 Tk

=T B H AT E U R SR U 5, B R R [ A R
GEINESR, bl a5 A4y AT TP B oW TR U AR A
OUIN 222 T DU G5 AL 5 5 RETT 1 20 AT, ke s ol 1) 58 SRS P E ARG A
JF T o00. e fSs & PR A ah By 5, LM 2t — 2 RII ARG PET 9T
Feni o

SV ARSI E H IR A i, S5 H LI R NE L, i =
AT =FATEREAT T 5% WP HE THBENILER, JFEILIEAE i
TR ZRIAAG B AR IER IR e, B BEAR OGS Tl e A7 6 7 RS AN TR R
W7 S AS M IEREE XS0 € AN B AT B BEAT T PR B 0 ATk ot . 7
AL T S LHL MR AW . RO ISR . [, RS ZK
T AR @ H R BEAT T 0 HT, IR KR I AR ST vt R BRI Sk
Pt

O L ER AR e SCHIEIT A A AT T 4SBT 4, X 2% 3 1) S B sl M
FUSCRIEAT THUE, RN A SCRO IR 418 KT BB R IR S
O At e Ry A T e RSO T AT R G I PR AR W AT, T A
(R wbi e blit I S o S SO SR 3 b o VA S U1 11 R a4 117 P

-18 -



a5 N 2 1 s S VAT

S g B FHOR AR R AR B R . A S R TR T BB B R R
SeIR R, MR SNAZRFEIT R AR5 M BT T MR ARKRINS %

-19-



a5 N 2 1 s S VAT

PoE H{EESEM

AT N BB B pr iz shm B SR e AT PORER . Rtk iAas
SRR RO SR ks kBN B i I s iR i sl
Wi 93BT s 2R VAR B R 20 AT 92

2.1 IME T

ARG GO 5 it B Ui S R AR gt g B Uk BE IR IS
THATEOR . WA FEE I Z R s TR A R, A
BT T 7 R I U AR B SR AAT SR IR 1) DAL, AR SRR A B 2 iy
HARRAT BRI 04, IF 0 A TS R BE A R AR

2.1.1 iBiRIEE

2.1.1.1 3R 4 B 5 X5 iR A= B

T RO 0 70 7 o) FR e B, BEE R T T 5 R S R R B R
X AN AR IS5 R4, X NIRRT 2 A IR N AR AN R Rk, 51
BRI, 2T LUK SRR U A TR 1, B0 e 551 T T 38 v O A ok 23 BT VAN
XA ) &5 R, FLUF Ao AE T 00 AR RS R AL, 491 dan o S0 9 v 157
(Stokes) A5 7Y Bt R HUBL Y

b R DAN sy A P (E R W o N NS g 2 P PS b o 5 O S R = i
TE LIRS 26 b CRIR I S AL O, v DR G n X Be il 2 vp () — AN 5 3L
12 By AR T 1 [ A AT R ) SEAN A — B0 AT T RE 3 B RIS N . AR
AR AN — S AT By R AT AT o BT, RSB YRR IR A AN HEI 3

AU TN SR BB RIRAS FIE i, L m R RN RS
T4l AR BE R, Rk, AL FH AN BN g i

2.1.1.2 itz

WA TR F I 3 2 2 K db- 5 R 4E 9K (Pierson-Moskowitz, P-M)
i, ISSC i, JONSWAP i, XU&(H I (Ochi-Hubble ). Torsethaugen %15
HIRIE  (Gaussian Swell spectrum) JUFF, I35 40T

-20 -



1) BeRib-SERMEYR  (Pierson-Moskowitz, P-M) ii:
Bz IR b= SR RFAE I 2 AR b K VUV 56 4 R e 0 B I 85 e v Bt g ST
1), % 1) LS HONA P i EES A R, Bk iRk X s

1 _l(2”)4 —4
S(w) = — H: (—)4 G
A (1)
b, A oA s, T, 8 BRI, o hE.
2) ISSC i.
ISSC 1%t 1Y 4F Bretschneider 1% 5% 24k ) Pierson-Moskowitz i, ik 2L F

TR
L)

5) _ o,
S(w) = n Hlw o @)
LR, A SR, @, AR AR, @ A
3) JONSWAP .
JONSWAP ¥ 2 7edbig ) 12 Sz i 3Lt B gs 3 i, 2 R -5 Rl 4 i

ARFRIES, BN JONSWAP 352 5 3k i oo FLR 2y RO I (H

_5(2)—47,6
_ 2 4 -5 4 ap
S((()) = CXHSC()PC() e (3)
_(a)—a),;)2
20°w"

ER, @ = e T o dye R N

Mo < O,H, 6=007; Mo > 0,1, 6=0.09;

RSy MR 3.3, IR 15 10 200, 454y BAh
1.0 I}, JONSWAP 55 P-M B (58 45

FHC o U GE R s D = 16] S(w)dw
A1 T LN D R A

T 1

.?2 = 0.6063 + 0. 116452 — 0. 01224y
P

-21-



Slew)
5

B 21 Jonswap %, Hs=4.0m, Tp=8.0s, y=1, 2, 5
Fig. 2-1 Jonswap Spectrum: Hs=4.0m, Tp=8.0s, y=1, 2, 5
4) XIE{EHE (Ochi-Hubble i)
2 0 FH R 7 W A AN 8] 7 1) 1R AU AT AN Bk B 38 1) 28 n e ™ A=
[FIFIEDL, Ochi AT Hubble (1976) CL&$EH T & 18t E, BIFAS P-M
B

Example of Ochi-Hubble Spectrum

S(r) [m?]
5

0 1 2 3 -
Relative Frequency

& 2-2 Ochi-Hubble %
Fig. 2-2 Ochi-Hubble Spectrum

5) Torsethaugen ii
Torsethaugen i /& 55 4 — PR, AH#E T Ochi-Hubble 1% 835 ] 116 i

IBEHINH o
6) mERIRTE (Gaussian Swell spectrum)
e TR TR T A T v U A BT ek B, LR S R R AR v, RIA SR

-22-



a5 N 2 1 s S VAT

_ /7’5 2 -1 “1/2 —~(o-wp) /26°
S(a)) = (I> O (27[) e @)

bR, A R, @, T NI, 0 .

Zi b, U . e IR A7 L8 TR MR, 6T AT 25 e
TIRITAR R R R 2R s S R SRR A I A A VR B RS G I 5 S A
RS R, AN IR 2 38 F 1K) JONSWAP A Ay X fi e G 20y g e 8 43 #7 £
BEAilt o

2.1.2 85

HE SRR, Rl KR RER S . 28k BRK s e i s BEANTA] IR 7K
8 P I w2 WA AN LR 2 1 T B I B B X (3 E M TN/ i D Gl 0 ] I 819
(A 558 5 R0 5 ) £E AN FENR BE TR 7K B R A R A AR AN, AT A R kg v 2 A v Rz K g
W, AT R, SR IR AT AL
2.1.3 Xig

KA B AR XIS R Ty, 2SR TR = s ). %

JEAE T INTRIBLN AL x, y, z ERRGEIESR, W ROREEE A2 1w 3 23 il D — A1
BER— kB

V(i) = V.(T) + V' () (5)
FH AT LAAS HS G 1m) Dk B 23 1) AT DG pR
R(r) = EW W (t + 1)} (6)

ML E ARG o B LA X, A B ks R R, R e
LRI IR A

£S(f) £S (f)

— (or =) = F(7) )
m GV
Fez
B, mo, v ABHE KL,

H#r 5 H X %4 Ochi, Davenport, Harris, API, NPD 45, {H 45 API
AINPD MG AEHEAE TRE RO, FH A2 o i 5% R 47 il 2 AR CAPT RP2SK

-23 -



&
S
&
H.
4l
=
H_
B
)
&
=<

J:“‘ ~

2005) I, NPD KU 5 T AU ER B . NPD XUk F SRR 9 1) R ¢
BRI, AT — RREE LR iR

320 Yo )( )“5
a1 + 7o 468)3 561 (8)

Syep (f) =

st S0l oy emmemman, £ um,

179F (2 )2/3
10

Hh?
I

( % )3/4
10
A — /NP3 RGE A BE 0, SR AT NPD 5% 0 JXURE & R

500

S ((mis)"2 fHT)

t T t
0.06 0.0

T T T T
o 0.0z 0.04
Freguency (Hz)

B 2-3 NPD A%
Fig. 2-3 NPD Wind Spectrum

2.2 #HMERIKIE B FAREY
MFAREHR . AT RSTERARS BRI R NS iR, Wk

V-U=0 ©)

ooU
g’t +V-(pUU) =-Vp, — g- XV p+V (1 VU)+ £, + f, (10)

-4 -



a5 N 2 1 s S VAT

R, t A, U Shiimd g, p AR, pd W EJMEIEDL, BIBhE T A
FE 398 E KR T7) o SR s 48 IE AR 05 Rt ep i i H B A4S, H—28
TR AR I 4, Ll o s ) B ) SR AR AT 3 A B b i Ak ey 225 i 5
A, Vo VU) S Jyski, & P FIA G IR TE Sy NERE . A BERI S TR
PERHL M A IR, T pvt vy, v B SR R vi R
Wines fo ARSI, A T WOAIRORI s P AL, R LA B
Wb s e R BT i 0 55«
22,1 BHRAEAE

V7 A Y E AR A R P TR I, Mz ) 1) AU T AR ) R,
FH Y T oF 7 XAk v E TR 32 B I SR R e . AR SRE SR T AR RRE
VOF(Volume of Fluid)ffi#2 H i i+, VOF 15 H AT RS I b BE B G B A I 42
e [ R R T )R RS R A

VOF 5o AF 4, o SO WS FL o0 NIRRT 5 B AR RR R EU AR
WA, WTAEEMK, 0<a<1, oftd i SORAE G H:

a=0, T4
{ a=1, K (11)
0<a<1l, HHIEIU
7t VOF H, RBU Eadii 2 F X i finis T i
Z+V[(U - Ug)a] + V- [U(1 - a)a] = 0 (12)

Horp: U RIRAAAR I3 B Ug 2R WA T iU B Ur R AHN )5
KV -[U,(1 — @)a]lFZR N TIRga5. KA VOF VARHE 3t iy, i =K g =X
(12) 43 20537 T BT A7 RS BT AR R 73 4, H AR R 7 Bl odifi /20 < a < LI R A%
NI SREREE R AT

FARTR S Bl ook 27 I EH R I A 3 2 p 5 8 DR PR SR 8t R P

p=ap +(1—a)p,
{u =au + (1 —ayy (13)
Hp: Th 15 g 40l R BRFI AR .
R0 PRI K ) fy, RIS AAR 7 Had T g5
fo = oxVa (14)

-25-



a5 N 2 1 s S VAT

Hor: o RN )5k ) 24, IefEfE e, AREE P o = 0.07kg/s?; k&
S, ol g
k=-V-.n
%S, -n, (15)
=
Hrp, ViR HITHAER: Thr £ RN BICRINMTHEAE, Kotk
JCINZRMTHE AL Z F; S & PR ICR I BE ) [n) &, B SS TR I AR Z M ng
FHR A v i, R

- (Va),
g =r——g (16)
(V) +9]
Hp, 8 RAFRER T
-8
5= 1x10 (17)

(Zglvi)lB

Horb, NS S OGH) B R

R (1D PRI s 5 48 VOF BRI, 58 =BUE i A\ L%
Ai3to T (1—o)a FRAIAFAE, IRAFIUOAVE AL B A i e Ur D Hs 4 St 1 38
by B TR T A R b T LLIE I S I X P e R AR T 5

U =n min{Ca%,max(%)} (18)

e, @ /& B TR I A AARF &, JE A A3 SR YR T~ PISO B72: P A% 38 J& 7 1 5
Co J& /L4828, FoRmARK T Isg5tE, & Ca=0, WX H A AT 50
2 Co =1 WF=2E SPE ) R 45

222 ERITIEERML

JIRE S, A4 K SO0 R Ik PR SO )5 R B WO mT LAEAT CFD i
BB ARBOT RS ARV S RS B ) B i A0 B AR T SR
i, BATHERAF A AR AL 0 St a2 s REAd (KA

MFAER A AR ¢, MHEIEE S -3 0 UK AT R
R AR . X AL AN YR, ARG 5% ) R AR (e
B rb, R A S LR, frie T RE L AR N, AR IA T 4k
S| BRI IME . X EIATE LS iz e R e

226 -



a5 N 2 1 s S VAT

a%?)+v-gﬂ¢y:v(FV¢)+SW) (19)

LR (19, PR, ¢ )RR, URHERE. T & X
A SR & MM RS SORIA. AETRE (19) R, SRS RIS U I R
TEI (BT DIRON B S TD, Lon AR & MIARALR, S55 /0lsh
NXSURIR, Ron AR RAA & AR, iR RS — WU /O, IR 1
FERETERERT S DS & A% % ATER ORI, BRI I AR A T
SARE ¢ M AR BEAL, FES RTINS IR, BAHE R T
SCIEI S H o

AT eV SO B, Rz 5 R (R A S 7 T S AR A3 21 ]
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Fig. 2-4 A finite volume method for computing transport equations
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Fig. 2-8 Catenary Shape
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Fig. 2-10 Discrete Model for Mooring Chain
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FIIR G IR0, 6 IR R A TR sh R B B Ay,
1R NI B i FT . SEELAR (Morison) A S HRHE R I R R E R
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Fp =5 CppAU|U| (43)
Foe CpRont N R H, pRon iR i, AR PR AT e H 1 ) G
A, U R, BRIt IR E R A 4, B LAER s in £ {5 LA
X 7>
TEZLHLAR (Morison) A3, B ) B B A an AR L5 IR N o 52 e A A
IEHERITR P
Fp = CupVo o (44)
Forpe CuRon it REG VoRom A AE R AR, AT &mg = CypVy, moFKA
B hn o, A 2 Hc i (2-24) 0 Brid
S R, W EEBURI L ) e AE R U BV, PR BC R A
PR b
B, BRI CR BB ). BT N E] 2-11 PR bR &R,
Jo AT R VIR TIERR R, g ) i + 1, VAR 20l g Mg .
n

¢ §

Node i+1

%

.
Node i O,;.

B 2-11 S8 T LR R
Fig. 2-11 Chain Element Coordination
SRLAARBEL 3 35 B G 183 350 fp 30 3 e 20 AV ) SR R R 4y, A SRR, =
YPERGOLN, VAR B SE v S T i) B AR AR 28§07 1) BOURAAR BEL g 5 523 STk [l A
UM, SRS ARSI T
(E)f = %PWCDTﬂdil(lTL)gKU[)f
(for)

= o Condl @, + @), )

|
(o), = 00 Cond | @, + 0N
Hodr: p, RN S ; CorRnBEBUT Y m H )1 25 Coy RS uikm
HUIRE dAdom B AR T AR B BUT A
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SR 3 T F AT E T 2%, B0 5% 6 3 AR A % B B 1 AR %
prEECER

fa = My, (46)

HErr: Mgy 22 BE B I 0B R R B 3 @ s R M AR Tl e A 1 s

PRk 24 B B C WS ) )€ 7 I B, A ) I TE M S i B, T LA ML
CIE S/ I

0O 0 0O
Mm=k Mg; 0] (47)
0 0 my
o e FoR KRBT IIIT i, Hftimey = py Culioy» po TR TR B,
Co FR RINBE I U BB LR HERUC K, o 0 BRI UT IR .
ST BT TR T IR RE L, AT RN B S P . Y
21500, WK 2-12 FioR.
FE T 207 0 B g 2 P
M;@; = Fr, = Frooy + Fpy + Fp = W, (48)
b MR SiNodel U @25 SNodei I s Frov Froq 53 9135
5545 s Noded T H2 (K BE BT 2R HITK 15 Fpu~ Fay 20 BIARABSERI T 20 O 45 45 05
Nodei [fIJ /AR 51 Iy Wk 5 iNodei T J7 .
R VSR AP TR 45 3 BEA BV BE TR S5k

B 2-12 T a5 E

Fig. 2-12 Joint Stress Analysis Diagram
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2.4.4 ZIAPEHEEIEIE
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NPD i ;

2) SN AT TR R (RRaRERD.

T E R RGO R RS T

1) BEECHIAR ST SR BIRE R, WG T

2) SRR BN ZI R WK ZORIR,  FER AR R AN i E) T X

i i e L
3) AR A RN 2 (T RO, A R I 2 S A A
UESELSUR I S

ENIONNCIFZ - IRIES SNk C e LD EPSUREHIEE 8

_47 -



a5 N 2 1 s S VAT

E=F mHEUBEERRETRERTAR

3.1 BIKAZE

AL 1.2 R 28 By ST T IR AR LE o B, AT 0 4 ROk
Ao BRSO ARRE IR, WTRE . AR R S RN AT
Pttt B DLIIRLRE, HAT I e s fay (6, i T2 e B E o . i . T A
FERDIP N BANAL ST i, AEIE CRE P AS T/ 2 A s RIS B 5 i il
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s e Pt A 2R G B i SR E S R AR S A LR 73 o i R
A fRE S LRI ARG BB, MR A R R AR 4
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ML A GE VMRS N RO ZA B L 1 BT AT PR RRSE = AN 5 T AE i ik o e
MG R T %, JRIG LA S 4 w0 sk il 500 2R G w o A sh ) ke ERIE 5T e 6k
fiffo

3.2 iF R GRS AR EY

AR AT RIS, R kR 7 Sm’/ R, BRI 10 RITRIE
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. Wt EER A 2SR 212 70m®, A SC LA SR REFFAIF ST . S5 4k TRE S b
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AT PRAUEEE Ak il L LB T T, A2 BB T e . WESET SR
A IHEE 7> A2 R 5 S R AN AN Z I TE A 0 2, A T DR A e A AR RS 1
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B AR A 22 TRk, Attt E LA B U, AL, A, AM
EE . W E RS RYIM R Bt . (HAEASC T, A T AR R,
R AT PR Jem ) 1 25 Ak ol B B N 28 AE A AR R

WNBERATOL T, Al E 0 45 A 7 2 B R Bl

B 3-1 5 Xff b4 = 400
Fig. 3-1 3-D View for Oil Storage Buoy

4500 | 4500

wn |

B 3-2 F Xfg i -Fa B& =@ E
Fig. 3-2 Plan and Elevation for Oil Storage Buoy

LA A Ak il G (10 ST N R s
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x 3-1 fEm#ER TR
Table 3-1 Oil Storage Buoy Dimension

CANGERES 9m
P B4R 5.5m
IR THI THRIAR 39.86m’
T 18 v 5m
PN 47 e 5m
77K 3.16m
Paniity AR B A T e
NG ESTA 75.06m’
HME IR 199.29m’

3.3 FfEMEER RIBRFM R

P U GE () S5 A RN AR U5 %8, ALY . A ESEW Y, P9 it
NSRBI, BRI RMRNTT EHF T A AEER LK
o
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Fig. 3-3 Work Flow for Leaked Oil Recovery Storage System Design
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Fig. 3-4 Oil Storage Buoy and Mooring system
3.4.2 FA i mERE

PR 1R A58, MR 9.0 K, M B 5.0 K BN K
i
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B 3-5 i Xfii#E & B
Fig. 3-5 Oil Storage Buoy
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X 3-2 mrkAEE
Table 3-2 The Property of Mooring Chain

AEa AREHEBL Wi B
HAE 2inch(50.8mm) 3inch(76.2mm)
FR R4(DNV/NVR4) R3(DNV/NVR3)
T 52kg/m 127kg/m
TS 45.3kg/m 111kg/m
/MBI 144tonnes 440tonnes
KR IR ) 5 7K R T 5E 140m
K oA A1
k 3-3 BN FELEE
Table 3-3. The Mechanical Property of Mooring Chain
Offshore Mooring Chain
Yield | Tensile _ Impact Test (V-notch)
Paoint Strength Elongation Reduction
Grade - N ) Of Area
(Nfmm~, | (Mimm®, (%, min) .
. . (%, min) .
min) min) Test Impact(J.min)
Temperature Weld
°C) Base Part Part
ABS/RC3 410 630 17 50 g 50 20
DNVINVRS =20 40 30
ABS/RQ4 530 360 12 50 20 50 36
DNV/NVR4 )
FARRAR B R B R P
% FA | FVEI

TRl

SEA BED ()\ 3INCH RZ STUD CHAIN

ZINCH R4 STUDLESS CHAIN

160000 140000

B 3-6 RiakkT TR
Fig. 3-6 Mooring Line
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3.4.4 I IME R IR

bR S0 B o YL (N A0 B B 15719 3 R S 1 9B SRV ( B/ K (BN A RV ]
LB SR A AE, T AR BRI DUE N B A UL RO B SRR 25 A F . ASSOR
Hehifpie . (AR MRS Yot 40, RO AR B W N &P

i 3-4 HBIEBEIE
Table 3-4 Metocean Data

ZH —iE il A
A S Hs(m) 3.3 4.9
T 0 5] 340 Tp(s) 7.7 9.3
MiTE (m/s) 0.9 1.0
1 /N X (m/s) 17.0 22.0

IR A3 o X At 0T P R 0 e A AR, A AR R e R B R
fitt, A SCHEHUBRAUBR AR B R W PR

- 49 .-



a5 N 2 1 s S VAT

% 3-5 KiREAEE
Table 3-5 Wave Information

Parameter Value
Wave Train Name Wavel
Wave Type JONSWAP
Number of Components 219
Seed 12345
Hs (m) 4.9
Tz (s) 7.0679
T1 (s) 7.6216
Parameters Partially Specified
Gamma 2.51
Alpha 0.012
Sigmal 0.07
Sigma?2 0.09
fm (Hz) 0.1075
Tp (s) 9.3
Frequency Spectrum Discretisation
Method Equal energy
Min. rel. freq. 0.5
Max. rel. freq. 10.0
Max. component freq. range (Hz) 0.05
Spectral Moments:
m0 1.5009
ml 0.1969
m2 0.0297
m3 0.0057
m4 0.0016
Bandwidth (epsilon) 0.7965
R L F 7
% 3-6 Ntz ek
Table 3-6 Wind Components at Global Origin
Parameter Value

Spectrum NPD Spectrum

Number of Components 1000

Ref. Mean Speed (m/s) 22.0

Mean Speed at Elevation (m/s) 22.0

Elevation (m)

~
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3.4.5 RIARGT FER

AT U B R R G PERT ST, R PR 4 U BE R TH R ST SR
MBS SAE DI EER, O TR ER, AEXTRIAREN
M R, A A SR FAd G 2RV 2R e A 28 0 B 73 B ) 45 R
VEANAT TSR P2 AR R G 8 R W N R P, BRI
WY&,

i VLI, PR ARG IAAAE, I EREN I S P AN TR E T,
1117 s [A) IR 38 5 B R e 38 [ g Rl

k 3-7 RIARGHNDNER-BEL N 2
Table 3-7 Static Analysis Results for Mooring System — Mooring Chain Tension Froce

BT it HEETE ) i’ 5 /K e
(AR, kND (CHAE, kND &, kND ()
135.7 56.9 341.31 22.75

&k 3-8 RIAZANE AR HER-FET ) 4
Table 3-8 Dynamic Analysis Results for Mooring System — Mooring Chain Tension Froce

ST i BEESZ ISR (N

(m) o R KA Tz K

28 (m) 0° 482.00 599.70
30° 411.03 501.86

3.5 i F A HEIE RSB E 4
3.5.1 JF At mEE A PR TR EUFNIA R
CIONBERI B, it AR X fed anh AT B OB RY K P Sl o i iy A1 A 1 P
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B 3-7 fif i HEA IR AR A R A 3o ik i & A
Fig. 3-7 Oil Storage Buoy FEA Model and Internal Stiffner Arrangement

7 Ui b AT PR TR R A A A 1 P s -

B 3-8 fif w4 A PR AR R Fe 4t
Fig. 3-8 Boundary Condition for Oil Storage Buoy
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P E S 1 T EO i R IE T N R A 2

(1) AMERHEEK )

(2> WEMEhAe S )

(3> PIRPT

(4)  RIHRETER )

V7 A TELE AN A 7 A TR s 0 R N A0 R 5 R A 2804 4 (1) 4%
i o3 A s = B AR s

-11441 il -34323 =27205  -20087 o -12969
B 3-9 1% \hﬁi?l“‘l‘«’%*}iﬁ o5 B

Fig. 3-9 Sea pressure distribution (outer cylindrical shell)
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B 3-10 fiff i A 2R i AR R /) A )
Fig. 3-10 Oil pressure distribution (Inner cylindrical shell)

| EEEmS
67936 -55721 -43506 —31291 -18076
- 49614 - : ~12963

B 3-11 fif i HE R SH R AR B AT 28650 0 )
Fig. 3-11 Pressure distribution combine wave loads and sea pressure
3.53 FNEMERRITOMER

TP EEE R e g R FE P, S THAE TN TN
280MPa<319.5MPa, A% &E RIFFEITEE K,
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NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.014491
SMN =55567
SMX =.270E+09

567 .601E+08 .120E+09 .180E+09 .240E+09
.301E+08 .902E+08 -150E+09 .210E+09 .270E+09

Buoy

B 3-12 f kA R AR
Fig. 3-12 FEA Analysis Results for Oil Storage Buoy
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3.6.1 mEEEE
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3) Iy vk E PR TR £ s A
128 73 AT AAT BT b B BT «

B 3-13 fif i E AT
Fig. 3-13 Lifting FEA Analysis Model for Oil Storage Buoy
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Fig. 3-14 Pressure Distribution on Inner Cylindrical Shell
3.6.2 BEDLER
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L
2197 -124E+08 .494E+08
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a fif i P RS T I
a. FEA Analysis Results for Lifting Installation Condiiton

NODAL SOLUTION

.2776409
.243E+09 .312E+09

3097 .694E+08
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.139E+09 .208E+09
.104E+0% .173E+09

b fif iA=L T
b. FEA Analysis Results for Lifting Retrivel Condiiton

Buoy

B 3-15 mR;IER
Fig. 3-15 Lifting FEA Analysis Results
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ATCRH Orcaflex AR A Ak b B (10 58 B RS E AT AR RV EREAT T 204
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PRI MG 7 3 R s
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B 3-16 F X5 hHE A B
Fig. 3-16 Buoy ballast tank information
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Intact Stablity
Intact Stability (draft=2.01)

45

5 085 |
276 322 368 414

23

Area Ratio

Il

Rightin
s gsne
138 184

2
0.92

0.05
0.45

Eh 89 178 267 356 445 534 623 712 801 89~
Roll

A 3-17 R ERESHER
Fig. 3-17 Intact Stability Analysis Results

R e BERE vH A GUR B B B MR PR

& 3-9 sfefetE A
Table 3-9 Damage stability check results
FaPEAAE 2R Btz brt AR ST
ABS SERETH AR B >1.4 4.6 OK
ABS GM >0 1.89 OK

i ERERATLLE Y, e m R 4.6, K THITEESRT 1.4; GM 4 1.89,
RTRTEER 05 BRI, 37 A v 1 5 B8 AR Pl A2 K
3.7.2 EReFE I

s ABS MODU2008 1 HE, 77 20 Aif v 77 25305 42 50kn KUH T B AR AR
TAEESK . ARSCRHA] Orcaflex A T3 At i i IR s 8647 7 0, LK
T RE RSN 7 )RR, PRI e & AE R 2170 4 ballast 1, FE4Hrah B ik L
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Damage Stability of 31
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B 3-18 aifigfate 94745 R
Fig. 3-18 Damage Stability Analysis Results

KA R E v AU R B B B W N R PR

& 3-10 #AfaAA
Table 3-10 Damage stability check results
8 e TR Iz 7K (m) GM(m) IR L BRAEEE S
1 2.46 1.49 19 OK

M EIRRMEATLAE Y, BOIRES , fhuhiEnz Koy 2.46 K GM h 1.49 K,
TARLE S 19, DAL, i Ak b A s AR A A 3K

3.8 IRE/NLE

AT AT R LR A2 RO %, B 2R R 5
FJi SRR ARG %, ST 4 A R R AT R S, TR
AT BEOFAC FL I A e 1 2 5 52, A3 B 7S A D 28 KoK VR 11
W IR T A

AT A R AE AR BER, TR BI 254 Iy R AT T 408
b, RS E SNPGRS BRI 5
TN, AT R L GRS V)
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FEU, O 17 i EAE AR b T 0 M 222 T 00 R S by it 8 T 1 o3y, OF
xt v 2l il E (1 5 SRS M E B NE AR JETT T 20 W, A 2Rk W], i Ak il E (1
o PSRRI 20l 2 K

DR DAAS Y 4518, AR vt i sl Ty S B L BRI AT, mTRUAE
NHE— B RINAR G ERE TSR . WETURfE 7 U BEAMA AR08 9 K, W
PEAR 5.5 K, b2 50K LT 25mm, RE SRR
JEPED 1omm, 3 =25 RN S M MY IR A FL R, A A S T 85
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RIS R, G585 I RIAE I, 23R = A KER I =R R AT B AT T
gt YIDWE THBEIER, JFFEIEIEA b BTt oe 1A R R AT B R I
JIREE S MR AT R S5 SR N AR RE 1A B 56 HUE S5 LRI OLAAT,
X =AKIRIRIARGEHAT TP Sha& i, 2t PR AWT ORI K N3]

SHFE

41 $EIHRARHE

ATCAE DT EPLER BOGTH ST 3 Mhiiin R guAn 87 3, B0 R G000 i 4 AR
k. 6 MUEHEAT 8 MUBMBELL, HVA ARGV AT E K 73 & 4-10 & 4-2 A1
B 4-3 Prore B 07 SREES N RFRATE, A DLREPIIRBRBEL 4L, 2R bR AR
GURFA R EEZ TR AN 90°, R R AR GERE AL BE L TR A0 60°, S =P
THAR SRR BEZ [ A1 O 45,

a) #ih R Rt B (b)rasE A & 75 X,
A 4-1 Wikmia R ER
Fig. 4-1 4-Chain Mooring Model
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(a) %478 & ot ik (b)shsE A E 77 X
B 42 SR A GRS R
Fig. 4-2 6-Chain Mooring Model
- e ——
(a) #8078 % Gt I (b)sast & 75 X

B 4-3 \NEEHARATE
Fig. 4-3 8-Chain Mooring Model

4.2 FRIKR T FAEHERBREFH N

g A TR AR R 0, O TN IR KR R Pl R VA B T O 2
THRES) ) N EE M, AR SO Bk =R R AN 2] 28m. 60m AT 100m
TR L2, 37 A i AR Y R VR A AN o Bl B -5 s Yol e 1) R VP e A
FAE M FERT (B EERRE 0 48D, FRWE1EH 300 K.

42.1 RIARFZEFH NI RER

K TAETH—X L, BB S aE M EEE R ATk g — R 15 Wiy, IFK b
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R A4-1 o RERER
Table 4-1 Analysis Model Summary

G KM RIDEEE  BEEKEm  ERBKEm)

2inchStudless 3inch Studlink
1 28 4 160.1 140
2 28 6 160.1 140
3 28 8 160.1 140
4 60 4 169.0 140
5 60 6 169.0 140
6 60 8 169.0 140
7 100 4 186.4 140
8 100 6 186.4 140
9 100 8 186.4 140
4.2 RARGHN AT RILE
Table 4-2 Static Analysis Results for Mooring Chain
TR HHEEART ) BBETE ) ) (R BB 1) ) BB L KT SR
CHAR, kND i, kND (&1, kND ()
1 135.7 56.9 227.54 22.75
2 135.7 56.9 341.31 22.75
3 135.7 56.9 455.08 22.75
4 120.2 84.7 338.92 35.17
5 120.2 84.7 508.38 35.17
6 120.2 84.7 677.84 35.17
7 100.0 107.7 430.81 47.11
8 100.0 107.7 646.21 47.11
9 100.0 107.7 861.62 47.11

HOG, HTREE S AT A AR BEACE DAL, O T MR
B AR IEAE SR, R AR KT T b BB B KT T RS A il
PR
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Fig. 4-4 8-Chain Mooring Model
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BT HILAETEK J1 . K. RAE N 51715
X AN ] KR ) = Pl AT 7 SR, LRI AR Tk g AH A (- AR S
1) KRR, B S IRMAR R, RETE T RAEAEA
ARG OL T, KRR R 5 1 R A 4E 5 7K P e A 3SR
2)  FARENEEMICT ko, IR R A Al S KT TR A R KSR
HEEE KT o B N .
LR, H3 A SRR I A 1) B [ g BB 1) ) T ARk, A T R IA A DG &
R, 2l h 4 an & 4-5 F1E 4-6 s .
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Fig. 4-5 Vertical Load for Single Mooring Chain

B 1) 7 T
1000
900
800
700
600
500
¥ 400

&=
£ 300

200
100

A [i1) 17 (kN)

B 4-6 #itEm ) (57) HhTLYRH
Fig. 4-6 Vertical Load for Single Mooring Chain
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4.2.2 SEEAR B BRI BE 1 OB
AEAURANT, 9 T 4 SR RHHOSCHIBERE R i B 5 R 0 B, it
RIS, A% 2 BRI TR BB 3 2 0 BB
D) KT, R R RAL, R L
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2) AT EREREMRIAML, L% SRR LR
AT RSB, o T A6 RE ORI, TR BB R AT 4 26 £ 0
KPR IS, T S B AN 0B . (R DR RSN R LT, Y
BT SR RS, AIORAE R R, T R UERF I R0 75,
TR R IR D 2 hA R, IR BRI T TR R
BT TTAR I AEAN R R A IO 48 TR LGOS SR 36 TS
ASCEE A R ST G 4 R R0 R EREEATAMHT
LUKV 28m (RIS, 6T UUBE, SHERLBESEI 7 %
SR O LR LIRS, ZoShHT AT A R A S 5 K ) T
%

& 4.3 HEGBEHEKNERE
Table 4-3 Static Offset and Static Tension Force Summary

. K% VI NE] iK1 K1E
FFEARL (m) (KN /K S
4 8.24 156.4 1.064
0.968 194.3 1.322
0.59 186.7 1.270

M BRI AT AR, T RUE
1) 4 WREEBEATE TS WARAT - ARHEEIRT R, A - P AL EAL,
—HUEBEN 52 D AAANK, KT B KA K 6.4%, IXXHEEA 5 52
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ERIR, iR R EA R H s e, B AR Ry e
e, IR R L AN BE SRV R AT

2) 6 MR 8 MRUMEENAT BT S WURAT HRANEENTRL, AR
PEE AL, AEBETK B R 2 BN 32%F0 27%, EARIE InbE R, (HA2
THRTERNE I W 2 N VSRS FEPIRSTS, BlEEIR )22 R 3L
h 2005 AT LA SR RIS — AR RO T, Ay SE (0 7T RS T 52 52
AR, HEXKWBERERDNT 1K,

Ik, 0 7 PRUES PR U AR T S, ORUEAT MR BE R AN R G HAT
g astE, T ULHERR 4 ARBMEERIAT BT 5. R PREFEE 6 IR 8 M HEA
BT RIVACTRIEE, 25 SR EAR B IS 7K1 B R m R

FERFAERALT, KV ke 7 b b, ] LS SRR (K ) RO BRI RS,
FHER T AT SR WA MIRE - 9 ZAT 7 SE K I RE 73 B 45 R din B R B -

R 4-4 KFRIER
Table 4-4 Horizontal Stiffness

6 A 8 B
dx F F/dx dx’ F F/dx’
(m) (kN) (kN/m) (m) (kN) (kN/m)
0.4759 116.87 245.58 0.5365 176.57 329.12
0.9369 244.55 261.02 0.8293 283.50 341.86
1.2888 367.75 285.34 1.1582 422.02 364.38
1.6748 556.15 332.07 1.6273 695.62 427.47
2.0348 787.92 387.22 1.7563 793.73 451.93

2.3739 1054.53 444.22 2.0488 1056.38 515.61

AT N B S IR EEAT B R TR AR AL, 22 KT I iih 2 dun 1~

PR:
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Fig. 4-7 Horizontal Stiffness Curve

MR T 2 0 R VA AT WIS 2R T DUE Bl 7 o A v B KT % o 1 1
I, BT RIACE DR AERE N, JE EIE N sE Y, 8 ARENEEA E U7 A AT M B
PR T 6 AR T E TR, 2405 30%; (HEASKRUE, 6 M5 8 HlAheifnE 7
FHKERIE X A K, — GO, NEEETAN 1Z B 28 0] DL A2 TR Wit %
TR,

423 RIAAFERKD

H T AT TR A AN B, A SO A BE ) TR IS AT TSR, DL
EXHZ RN RGN LT — M IR .
4.2.3.1 §f5E S M AR

5 API FEYE (API RP 2SK 7.4.1), Z5& M aGBEK 11, TR B
BT IT Sy, JFE R BE RS . W N R TR

K 4-5 REEK) RAA 5 2 R 2
Table 4-5 Tension Limits and Safety Factors

Analysis Tension Limit Equivalent
Method (Percent of MBS) Factor of Safety
Intact Quasi-Static 50 2.0
Intact Dynamic 60 1.67
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Table 4-6  Design Breaking Force Summary

AE (m) T R B (N
28 599/0.6=1000
60 526/0.6=877
100 464/0.6=773

MR IR RSV TR A (MBL),  HHE RO RSB R R s

£ 4-7 REAKFEILAT a4k R Tix
Table 4-7  Size Selection for Mooring Chain

AR (m) i )T (mm)
28 34
60 30
100 28

B IRAL AR 339 PR A BEE L 20 B RSAOL I SR (R Bl e RS B DS, BB I AR Ak
SRS B3E, AR RGE NG MBI R NEFERT S H AR, i
JURE SR RIARG MR TIRABEST, N2 HEE DR EE T, 2 58 1
O BN R RE, R BN BB LU D L, WA A N B RO TR B

* 4-8 EhEK MR A

Table 4-8 Procurement Cost for Mooring Chain

K (m) INBERA J\BERHA JRAK B
HEEE Oroo HiEEET Oroo J\BENEE

28 1100 1450 1.318

60 1120 1500 1.339

100 1160 1550 1.336

4232 $ESER IR A

XTI S R, M EE O AR LA B (3, g %
BEPA T AT 4 TR A R, IR, A SO TR PRI T SR e )
AABHEAT T o0, HAAREEE W&
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K 4-9 HEEEFORA
Table 4-9 Installation Cost for Mooring Chain

K (m) JNEERH J\EETE JRAKS EE
iRk AR o) iR AR (70 J\EE/7NGE

28 1400 1700 1.214
60 1400 1700 1.214
100 1400 1700 1.214

4233 iR A

25 B BRI RLRIAE ARV 2R AT, A BANR R 7 S B B R G b
R

& 4-10 Bk SR A
Table 4-10 Total Cost for Mooring Chain

7K (m) INEEHT JVEEHH JRARS EE
BHEE R A (70 HEERA ey )\ BENEE
28 2500 3150 1.260
60 2520 3200 1.270
100 2560 3250 1.270

4234 IREING

ARG E VTR, R TRE RGO, X0 5 % 28 G0 IR I BOAS AT 222
JRASBEAT TAGEE, JF4e T AR S A

MR AR AT Y, i T AT SR =R ARADR AR, DAk 7K
T oS PR PR B AR ) DX e 2838 A RS AR D s AEARTREUKIR AT T, KA
ANTRVZR AT G IR A D) 2 A A e, B AR AN OO LR R i R R
RERIAHT RS, B BRI R RGN 2RMA, BRI R 5 S /N BER T 1) 7
5 ARG 25% A by PRI, 6 BERIN T SR A BE A SEAR .
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23, RIARGUKCT NI 2t LB, (Hh T 8 HEHE R I 7 S 00 2 17 2 Ay
B, T DR il E A R8T, 6 BB AR AR BT L. HEifn, %5 reF) 8
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Ji SRR NG ORI R 6 AR EE AR A E T KT

4.3 FIHRGH N MRFF IR 5T

e SRR M TR R RV S AP B AR wU S QI (BN ATDEZ (B P i e S
HEOLIEAT 0 M, LRI RS AN .

£ 4-11 B ARIER
Table 4-11 Design Input

X X 45 1 X 5 2 X4 3
ERE - - e
(28m 7K¥%) (60m 7K¥%) (100m 7K3%)
TKIR (m) 28 60 100
. Hs(m 4.9 49 4.9
il (m)
JONSWAP it Tp(S) 9.3 9.3 9.3
( " y 2.51 2.51 2.51
LR (m/s) ! : :
A (m/s) 22 22 22
Mg m 1 00l 00 00l
RS Anf 3807 1) 2 300 3007 3007

Ferb AR BT SR 2807 17 € L B s
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Fig. 4-8 Horizontal Stiffness Curve
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R 4-12 pATRER
Table 4-12  Analysis Cases Summary

K (m) w1 I 2
28 01 02
60 03 04
100 05 06

4.3.1 BB SEEE

RGN S ABERUR A IS, ST R TAE R, i A A6 2 )
K, BRI . A T 0k A 5 0], 36T Ochi BN B3, &4 T
DURFUEL I ] 2100 F2, HL 100-2000 F0 ARl AT B A B o XX BE I i)
P OG0 I B R AT B T AT B, AN 3 AN Ty 2 — B KM, AR T
FSONIER

BIRKH Jonswap REREIUL, I PRI TR B Gl R B TR o
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Fig. 4-9 Jonswap Spectrum
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Fig. 4-10 Time History Curve for Sea Elevation
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LR, FEMmBEE x By m, A DK s S 2 4 5.

7E 100-2000 #o il H s SEmt -, JEF5 A B = /N BT g de KME S
Tz —mgR,

£ 4-13 pMERICEXR-TAO1
Table 4-13. Analysis Results Summary — Case 01

KIE (m) I AT Red NAE Tz —wKE
AR5 (m) 2.11 5 84
iR 4R (KND 482.00 599.70

-5 K83 5 Tk I N P g R s
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Fig. 4-16 Time History Curve for Tension force of Mooring line 5 - Case 02

4323 TR 03: 60m 7KFE 0°IMEEH

ZLWE, “FEmMBETx Borm, M s KrMEEm st 4 5.
7E 100-2000 #0iH S A3 3EmE I, 15 o A HES B = /I i ] ge i KM S
T2z —HgE R,

% 4-15 pHERICEA-TR 03
Table 4-15 Analysis Results Summary — Case 03

KK (m) ] Red NI Tz —iKH
AR 4R (m) 3.92 5.18
iR 4R (KND 428.97 526.00

-G ACHE S L K T N P e R E s
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Fig. 4-21 Time History Curve for Tension force of Mooring line 5 - Case 04

4325 % 05: 100m 7KR 0°IME &K
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Table 4-17 Analysis Results Summary — Case 05

KK (m) ] Red NI Tz —iKH
KPS 45 K (m) 6.53 8.37
B2 4R (KND 385.23 464.30

-G ACHE S L K T N P e R E s
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Fig. 4-22 Time history curve for Buoy Motion: X-direction - Case 05
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F 4-23 sk 4 327 W0 8 K- T 05
Fig. 4-23 Time History Curve for Tension force of Mooring line 4 - Case 05

43.2.6 TR 06: 100m 7K:F 30°IMEEH

ZLWN, FEmBEu x Jym, e DK R S 2 5 5.
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Table 4-18 Analysis Results Summary — Case 06
K (m) Ol PN Tz —&mKHE
KA SR (m) 6.46 8.29
BEERZ 145 (RND 335.00 395.73

P 5K s 5 EETK I Dt T B B .

Time ()

B 4-24 “F&KR-FiEH) x 7 @it &-T I 06
Fig. 4-24 Time history curve for Buoy Motion: X-direction - Case 06

Vessell X
_—

N

R0 et e Y

rrrrrrr

B 425 FEKFES Y F R nd&-T 06
Fig. 4-25 Time history curve for Buoy Motion: Y-direction - Case 06
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B b /NN LT E S R TR, BRI R R PR

® 4-19 SWERLER-KFRBLER
Table 4-19  Analysis Results Summary - Horizontal Offset

ZUISE ks AP R (m) TRV 45 R KR
(> I g Taz— I g TaHz—
SN TN EONI | S ONI|
28 (m) 0° 2.11 2.84 1/13.3 1/9.9
30° 2.09 2.82 1/13.4 1/9.9
60 (m) 0° 3.92 5.18 1/15.3 1/11.6
30° 3.87 5.11 1/15.5 1/11.7
100 (m) 0° 6.53 8.37 1/15.3 1/11.9
30° 6.46 8.29 1/15.5 1/12.1

IIH LA S5 IO 2, 7T DA HH R 18

1)

2)

3)

FEARAR IR TG DL T 5 IS B B AR T 7K-P (i A2 45 R 4w ] e e
KAEKTF I3 LB KR A K, 22573906 1% AN .

o T LR DR N BER A IS D0 1, ARVAERBE ) AR B, LA
SRar BT 1] AR AT 17K % 45 R 58 i ANURK

FEARARI G DL T, BEE AR, AP TS E R, £
HTFSKURVE I 2 A, KT A2 45 SR I ) e 2 55 7R B N () e A =4
IR RAE F . BEE AR, WK DRI O F, #EEAF )
Ir I, RITR GV RIBE AR, DS /KPR 1 BRI E T B
FEARAN IR DL T 5 B KRB, AP AS B 5 7RI U AR /)
I IRURAE § AEFIRFERITEK T T, KGO, BigE Em 5 2K
KA, AT RIER 375 b g ik . BRI A5 (1
A IR, AHRBERIKIR RIS S BT ik R -5 7R ) B e
HRTERAERI T %o XM BIKRIIRGHAT WL, 23
HAK AT RIS A2 7K 75 5 58 A7 2SR KD RE PR St DR BT A
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Table 4-20 Analysis Results Summary — Mooring Chain Tension Froce

KR yit)ia HEESZ 45 (KND
(m) I N Tz —&KNiE
28 (m) 0° 482.00 599.70
30° 411.03 501.86
52 7 E 0°/30° 17.3% 19.6%
60 (m) 0° 428.97 526.00
30° 368.11 442.74
sz 7 E 0°/30° 16.5% 18.8%
100 (m) 0° 385.23 464.30
30° 335.00 395.73
Hi%Esz 71tk 0°/30° 15.0% 17.3%

SINT R 14 R M, T BRI F 48
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S5 4271, RINEEEE-TEIRE N2 2000 147kN, WIS N 5 A
B2 185 RO EPIRAS NI 2.3-3.3 £, A WIREI oS S a2 )
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FEARAH R IS DL, PG 3y A1 52 1) A8 A R () Bl B 52 ) 45 R AR B
Ky 410 15%~20%;

SR JRRIAE T2 BREEEUT 7 )k 0°BT, HAUf 53— MR BE 1 5 ) — 3L,
PRI, 3K MR AR 2 AR ST AN BRI AT 48 IR BE fr 80 5 A A B 7
AR, ER B 4y 2 22 AR A BE AR N BN 5T 1) 4040, BRI, M BRER
Ao 35 B BEAT LT A RIS, SR (1) 52 0 &5 BER T IR Ay 480 A AT
BT AN A ) 3
TERGEAFEITE LT, BEE KRG R, RIEEESZ 0 .

LR PR 5 7K P A2 I AR A A AL, &0 RA K, i b 55 7K
PRI, P K RINERROR,  Bhas SO ) sk

4.4 REING

ANEEESEARAEAOE H AR AR /L S G R, 2 =4
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