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ABSTRACT: In this study, a pile-guide mooring system (PGMS) was designed for an offshore liquefied natural gas bunkering terminal (LNG-BT),
which is an essential infrastructure for large LNG-fuelled ships. The PGMS consisted of Quide piles to restrict five motions of the floater, except
for heave, as well as a seabed truss structure to support the guide piles and foundation piles to fix the system fo the seabed. Singapore port was
considered for a case study because it is a highly probable ports for LNG bunkering projects. The wave height, current speed, and wind speed in
Singapore port were investigated to calculate the environmental loads acting on the hull and PGMS. A load and resistance factor approach was used
for the structural design, and a finite element analysis was performed for design verification. The steel usage of the PGMS was analyzed and compared
with the material usage of a gravity-based structure under similar LNG capacity and water depth criteria. This paper also describes the water depth
limit and wave conditions of the PGMS based on estimation of the initial investment and the present value profit difference. It suggests a suitable
LNG-BT support system for various design conditions.

Abbreviation IMO
International maritime organization

BOG LNG
Boil off gas Liquefied natural gas
EEDI LNG-BS
Energy efficiency design index LNG bunkering shuttle
FEA LNG-BT
Finite element analysis LNG bunkering terminal
GBS LNGC
Gravity-based structure LNG carrier
HFO LNG-FS
Heavy fuel oil LNG Fuelled ship
HLV LRFD
Heavy lift vessel Load and resistance factor design
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LWT

Light weight tonnage
MEPC

Marine environment protection committee
MUSD

Million united states dollars
PGMS

Pile-guide mooring system
PTS

Port-to-ship

PTT

Portable tank transfer
PVPD

Present value profit difference
STS

Ship-to-ship

SWH

Significant wave height
TTS

Truck-to-ship

USD

United states dollars

1. M =

=229 e A4 Adto] ARk HlS-2 HiF o]
ot duke G&HolH A AQ] FEFHAOARE 25d O
ANAE AT S 98l AdutomRE Q9ED W30 & &
o2 Azt ofof it 2016\ 102 3| 37 159 5] (Marine
Environment Protection Committee, MEPC) 702} &]2]ol| A, =4
8| A7) 7-(International Maritime Organization, IMO)<= & &} <]
A el E7Ee] 3 RS 0.5%=2 Aehe 22 s
A A A3 A8 A7 20209 0.8 SgEtqiT) w3 ol
A -8 dA| A S(Energy efficiency design index, EEDI)®] =S
Z AEA AR Auke oliisiekh WEES dAIHeR
Zojof FTHMEPC, 2016). 12y} A Aukol
Aol YA Bunker fuel oil)= 227tAE
HjZ&o] wWr] o] Zstd 34 AE A7) e
ol Ao gt siaucte s =M H FANA=
Hlo] 23 AT EHA H3H A7F2(Liquefied natural gas, LNG)
st o Asua, (AL Held 59 lzdde] &
ATE0] TR Utk BE A5H 45 BAeEs A
d GEA A, 718 A7F2~(Boil off gas, BOG)E =Y
9 7= A7, B3] I BES 2o A% A¥ &
£7] AA Fo] LNG 9583 9 HAHE Ao =
AE B AARo=Z 7] fs FAHAT(Jung et al,
2016; Yun, 2015; Ahn et al, 2017). LNG ¥ Ajel s,
Kim(2016)2 LNG =9 °]% H|&-& HAislstr] 98 A A
A7 2pdstE HAY B 9 AMgTFERe] HaAS R,
BAkkel AAY gH QS ATelTh

e
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I8 ¥0 N ol i

LNG ¥#% EJu]'"d(LNG bunkering terminal, LNG-BT)-2 =LA
A71A 2o 2 BRHETh (1) B3 ZE](Tank lorry)oll Al Auo 2
FH3= W2(Truck-to-ship, TTS) (2) & S8l 2 ING &
SB35 A3 wASH= ®W4(Portable tank transfer, PTT) (3) 5
’d LNG-BTolA Adute g Z3sk= W2(Port-to-ship, PTS) (4)
3% LNG-BTOlA LNG W#HZ®H ME(QNG bunkering shuttle,
LNG-BS)= o]&3t Muto 2 Z73k= 1-2|(Ship-to-ship, STS).
o] Z STS W]9] s LNG-BT7} thd Al AR FL3

dickolt). olo] Balste] Fuj LAk, FARFS o A%
G AN HEE AR AR P, AAN, FF 52
Tstel A4 ING WA Huld A 22 B A

Aol digt A77F FYEATHKim et al., 2017a; Yun et al,
2015). &g, F74 LNG-BTOl #Hgsh= 338k 3 2R/sts<
LNG-BS #|X|¢} A#H &S Tefste] A4kt A (Park et al.,
2017), BHE-& XA F A& FYrlo|s2] Foly 25 A
Ao} H& E3EAE S(Target reliability) Aol B AT 5ol
3= THLee et al., 2016).

STS 42| 344 LNG-BT+ B2 3ol dvkal &= e
L, obAZEA] Qb Aol tigk 937t A3 AR T2l i) A
HiZ Q1 iAol b k2 Aejoltt @A) s dFEEl 7t
7 wol AMEEE AR A" Be AR o RE A 72
E(Jacket structure), %24 T-ZE(Gravity-based structure, GBS),
HH(Turret) 5otk A 222 AA 753 ZHFo] 3
Ao oF 3~57=0]7] wWEol 158hE ©)de] LNGE A3l ok
Sh= LNG B7E Huldol 2eebA] St GBSS] 7% F71&
ZHEF AR 7FsstAT A TRl vls) Aol Wil
A Aeol whet AAjaj o] AFkEE Fao] vk GBS W
212 A4 20m oJshellA F o] s AR R]lth
EEl T8 w2 Falo] 742 #|HollA AAHC] s AL
2 AekEg, At AR it kA HEZF esith w
A, Sl A EA] 82 S E(FA 20m~100m)ol| 4] LNG-BTS}
Zo] Ago] I5STHE o]l Azt LNG W¥AH S RIHsHA
FsfoF st 2 FRAE AAY F e FAS AR/ A
28 A7t Hasith

® ATOIAE % INGBTE EEHoR AAT 4 e
adrlo| =4 Fo]g F2ZE(Pile-guide mooring system, PGMS)
< RS A7IEE s o HAE s AR
of tial F&assHE B3 A FHstaL, AAN HHE
sl Aeka = e ATk
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2. A|AH! Mo (System Description)

2.1 STS LNG H7{& 2}&(STS LNG Bunkering Procedure)

Fig. 12 STS ¥4 LNG 7% AAlo|tk. INGA(LNG carrier,
LNGC)2 LNG A4HEHIZHE] LNG-BTE LNGE FH3
Yun 59 A7(Yun et al, 2015)°14, LNG-BTE 5709 th7]¢t
Bast 1719 4= 8aE 7K o, 9F 300,000m’ &<
LNGZ A4 <= 2tk LNG-BTE LNG-BSOlAl INGE 333}
3, AFZ O Z ING-BS7} INGE 9FE AR&3HE AHHING-
fuelled ship, LNG-FS)°llAl STS W4l o2 FFdch
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Fig. 1 Ship-To-Ship LNG Bunkering Procedure (Yun et al., 2015)

2.2 slj& LNG HFE EO|ZS 2/st Tl T710|= S0 AlAH
Fig. 2 34 LNG ¥7#% EH'dS $3 7ol Y-S o] &
F Fojg FxEPGMS)olth 6712 7to] =1t (Guide-pile)©]

ok

BERHAE AXSIES AN oH, o] s Hel| 1=
U= Ed2 T2E(Seabed truss structure)ol] A YE T HA I
A Mae Fxs9e FEzA et g2, doje 4,
2Rk A BRAY E57F aEEe] AT Eds
ZE2 T5 9Y(Foundation pile)ol] ]3| siA ] gy
LNG-BT+= AA|H o2 BfA 75S & + Jdon, sij+d &

€ S5 (Drafty’t A o 7lol=9tY & we} 4shs S (Heave) &
AFEA & 4 Aok YA 5 AHFE 25 (Surge, sway, roll,
pitch, and yaw)< 7Fo| =at ol o8| & et FA] <
2 A5 FEo] Wyt Fold FERE JiAA] etk 7t
olevtdd Bl FREL FfiA &= 3 U oY

(Wave excitation force), 3l5+2(Current force), &2 (Wind force)=

Floater (LNG bunkering terminal)
(L:276 m, W: 56 m, D: 28 m)
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T H3ke] A ETHLee et al., 2016).
3. A Case Study: &7t=Z=2 &

3.1 84 &

3.1.1 AVEEE 9] ING HAH AY A8

AtzEe dEpleide] Agd ool o A WAH
A A 71 = /&S 7I 57t F shelth ING W
A" Aol JAME ofAjotel A 71 A= ol & AHA
Ho| 7|thdth A7FZE &2 202085 E Aubo] LNG HAH
ARl AF-S BXE 20133 FE T AES 7Y - AP $k
AL, 2018\ AEARI ol FX1E dlelth. HT V2R A
= ING B78 23 A4S 73 Folv, NG

(SHE A Ysl= AALS xR} =3k 9k U] LNG F
dlo] gl YIARE 53dZF WASHE JAEI EA =9 1
3 JTHKim et al., 2017b).

312 A47FE= g9 ING ¥AR 71U 8%

AZlEE ol AzE 9F 128,0003 2] Auto] AUrkar glo
H(Table 1), % 40%7} 722 oA S/ ALY HAF
(Heavy fuel oil, HFO)E F3'¥¢3 THMPA, 2012b). DNV-GL
(2012)2 IS YALES 3] A7IEE FOo2 SojoF Muke
°%F 15%7} LNGE 952 F3¢ES Zolztal o3ttt LNGS}
HFOS2] olu#] U= zpo|(A9] TdaF 7] 1,000m’e] HFOE <F
1,654m’2] ING)YE 123l INGE Q82 AHgsH € oA
Fo] AEFS 7gEke] oA} LNG A E %S Table 29} 2o] A
AF5F B Yun et al., 2015). LNG-FS-2 LNG7} <F 10% &3¢S
W7 HE WA H1, FA 85%7HA AEHIAS ALth 1A
39S wW(IMO, 2006) 37 °F 35,000m*2] LNG 7 Ho] o] Fof
A o= qEth LNG % 7H 3 WAHE 4% 714 zto]
£ 2.5%/MMBTU(38.5$/m)E 7F43)S wi(Sund and Whitefield,
2014), @ 12.6x10°m*e] LNG 7 Ho] A== Arlz= &
o 71 =YL 737.1 MUSD/yrE A4 T

A

Guide pile Pile sheath
i ] [l Ll
Water level
| M NZal7 m N2 L7/
Seabe Seabed truss structure Pile h /
z fle housing  Foundation pile
I

Fig. 2 Concept of pile-guide mooring system
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Table 1 Ship statistics in Singapore port in 2011 (MPA 2012b)

Ships serving for transoceanic transport

Ship types . ) .
Ships/year Ships/day GT/year Fraction [%)]
Container 19,290 52.8 657,025,000 15.1
Freighters 4,623 12.7 41,483,000 3.6
Coasters 3,907 10.7 1,739,000 3.1
Bulk carriers 13,093 359 604,740,000 10.2
Oil & chemical tanker 20,449 56.0 585,906,000 16.0
LNG & LPG 1,831 5.0 66,776,000 1.4
Passengers 411 1.1 19,968,000 03
Regional ferries 33,452 91.6 7,178,000 26.1
Barges 10,637 29.1 17,255,000 8.3
Tugs 11,065 30.3 2,557,000 8.6
Miscellaneous 9,240 253 115,655,000 72
Total 127,998 350.7 2,120,282,000 100.0

Table 2 Target ships for LNG bunkering and expected LNG demand

LNG bunker ships Fuel tank size for LNG demand
Target ships (40% * 15%) HFO (75% filling)
Ships/year Ships/day 10° [m’*] 10° m*/year 10° m*/day
Container 1,157 3 4.0 54 14.9
Bulk carrier 786 2 24 22 6.0
Oil & chemical tanker 1,227 3 1.9 2.6 7.1
LNG & LPG carrier 110 1 35 1.6 4.3
Passenger ship 25 1 22 1.0 2.7
Total 3,304 10 - 12.6 35.0
3.2 TfU7lo|=A] AHIF A|IAE(Pile-Guide Mooring System) A1 Wind \* ;’
321 8733%F ALt .
Fig. 32 F-fAl9} PGMSell 2H-8-sh= @7ska(Ed, 74, Wave
stejolnt, ArlEe o] BARAL AR s F — ]
oAy FxE AAl AHEE FE5(Wind velocity), F % P ||
9

o

(Current speed), 2] 3}3/(Significant wave height, SWH)+= Table z
33} ZTHNEA, 2009; MPA, 2012a; Zhang, 2004). 73315 Zol
FHAe) 71l 71 AWl 3 13 (Wave excitation y

force)ol ™, F-FAol LNG7} 715 AA A2 o 7 7o

( N/

-

Fig. 3 Environmental load acting on pile-guide mooring system

Table 3 Weather conditions of Singapore port

Item Unit Value Description Remarks
Wind velocity m/s 28 for 100 years NEA 2009
3.1 Mean high water springs
) 2.5 Mean high water neaps
Tidal level m ) MPA 2012a
0.5 Mean low water springs
1.2 Mean low water neaps
1.5~2.0 Narrow channels
Current speed m/s ) Zhang 2004
<05 Eastern parts of straits

SWH m 1.5 Higher than the maximum wave height recorded Zhang 2004
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Table 4 Dead weight condition (98% filling condition)

DWT estimation Unit Value
Weight (LWT + LNG 98%) ton 164,446
Draft m 11
Center of gravity (%, y, z) m (16.58, 0, 3.94)
Moment of inertia, I ton - m’ 165,469,017
Moment of inertia, Iy ton - m’ 4,011,71,164
Moment of inertia, I, ton - m’ 4,099,984,257
~ v
o] o] o]
y
@
— L
o] o] o]

Fig. 4 Direction of wave excitation forces

F-frAle] A83h= 79 ANSYS-AQWAE A3t ALk
3}ATE Table 4= B2l LNG7} 98% AN HTH= 714 ofef Al
A FASA T 24 B4 BRIE gholth o7|A FEiAe A
3} 2H(Light weight tonnage, LWT)-2 Hull (22,475ton), LNG® =
(17,677ton), < B=(10,404ton), Accommodation (800ton), *F
F9H] (2,200ton), Flare stack (800ton), Cargo systems (500ton),
Cargo loading arms (300ton), Z1E} Z]1A] ZX](500ton) °ll 15% ©}
215 Hst oF 64,000ton 0.2 FAHETE B4 % H(Table 4)9}
ZEld o228 7Wko g BAA 9 7l R+ 3 (Froude-Krylov
33} Diffraction )& AAHE 4 THANSYS, 2013). Pierson-
Moskowitz spectras AME-3Fo] 8% o] 12% W|Nke] H+ {9
SF71E 7HR= B2 IHregular wave)E R 333, Fig. 4
o} Zo] 47119] TFEK0°, 30°, 60°, 90°)= IEste] HfA o =}
g3t= Ao BHEE Table 59 2] ALt 3 ZHES
BAO 1HPE W 60°2 ok f=rt Fach FAle
Zhol =t d-& wet s S (Heave) S AHT-EA & 4 A7 o
ol Foid F2E 2 W Yol A& gerhal 7Hdst
Aot sFEe FaAe 7oy FxE 25l Agsiy Y
Fd o 7P Aok BRAe] oF 8MN, Ed FEEo| 9F
39MN9] FlFHEo] etk 8 FEAAlT 285t Y
ek o oF 22MNo|th

Table 5 Wave excitation forces and moments acting on LNG-BT

Direction/ ) Wave direction
. Unit

Rotation 0° 30° 60° 90°
X MN 9 10 13 Negligible
Y MN  Negligible 14 39 57
RX MN-m Negligible 379 966 1,426
RY MN-m 5,581 5,855 5,474  Negligible
RZ MN-m Negligible 1,444 2,459  Negligible

322 A7l EA AR ALE A

3tF WY A4 AAIH(Load and resistance factor design, LRFD)
I -3k 8 43 A (Finite element analysis, FEA)S AR&-3}] F-o]&
TEES F AFE AAsT LREDAAR 7% o)<l
b e BASH] sl A ()29 & stglle 7HeAs
(Load factor, ), 72| &= dll= 24 Al5(Material factor, ~,,)
£ Hote 72ES AAskE otk g & FE2E VA=
slEolal, re FAY Aotk B dFelMe FEAE
(Yield strength)E F-A12] A olela 7T A3 7
stzoll tisl 139 7FsAlFE A8k, FA(ASTM A36
stee)2] Aol tid|A= 1.159 AE=AFE AMsiAth
(DNV-GL, 2011). A36 Z4A1¢] £/4-2 Table 67 2T}

5= Y045, (M
R=(1/4,)R, @

Table 6 Material properties of ASTM A36 Steel

Property Unit Value
Density kg/m’ 7,800
Young’s modulus GPa 200
Poisson’s ratio - 0.26
Yield strength MPa 250

linear brick, reduced integration, hourglass control, C3D8R)E, %=
Ho| 37 2rgete Bl FEREAE 44- Ak A E Shell
8 4(4-node doubly curved thin shell, reduced integration, hourglass
control, finite membrane strains, S4R)E AFE-3FA T} F-fA 9 F
oA FxE A5H FHsES sty 45 gdo] AW
of 1FHJT 735t FEAS FHTh 7ol Bd
A, EfaFz2Eo] This A 45 3t AdFolA
7 szl o3k A 53-8 ol velshH, gA A 39
Z71(Octahedral shear stress yield criterion)= AR&-3}e] &8
AAL W ARE FRIstAth Fig. 5 LRFDE A7
PGMS EE T4 8459 &9 34 ZINvon Mises Stress,
MPa)olth. 3 ATollA F-FAlHul)S) HPL 1A dgko
o EZL Table 73 Zo] A E(Sandy Clay)Z 7F43I92
v, =339 QA E TFAIFJA AR AR whet 24 o] vid
7 Stk EF 2do) tidlA& Mohr-Coulomb I}3] 3ol &4
g g 2 T8 2EE 485kt

i ofo oft

J8

323 gd7te| =2 AR/ A"l FAY

ERx G4 LNG BAE Huds 9% A AF Al=E
< A3 fEiMe TREY 27 BANIE(Gst) T 7HEE
Z}o](Availability difference)® A = Q= ©]9] Z}o|(Present
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S, Mises

Multiple section points

(Avg: 75%)
+2.148e+02
+1.96%e+02
+1.790e+02

+7.161e+01
+5.371e+01
+3.580e+01
+1.790e+01
+9.865e-05

Fig. 5 Finite element analysis of pile-guide mooring system

Table 7 Material properties of sandy clay

Property Unit Value
Young’s modulus MPa 150
Cohesion yield strength kPa 50
Poisson’s ratio - 0.3
Friction angle degree 32
Dilation angle degree 0

value profit difference, PVPD)E HlnliEAd3)o} gt} 252 %=
Z1BEA] -2 AFH(C,), +FH(G), DAY Fo2 A
At} A2 = A Z.8](Material cost), 7]&H](Engineering cost),
8] 8] (Equipment cost), 173H](Labor cost)E X3t %H]
= A% g5E FRES RN Fo2 $4 o ASEE HE
£ ougtt AXMle FRES SXEIH G YA A7l AR
He vE&-S oulety 2= E4 9 FHd wet 24 22t
2t} d& £, GBS 7E2ES X woll= ulAd 7} Heavy
Lift Vessel (HLV)YF Z 23 9hd, PGMS9} 22 Al F2le]
=S AXE voe 253Y 3YdH(Piling) S AT
Hydraulic hammer$} Grouting 1| S©] F7}2 HQ3}t} Van

RONR R ¥)

Fig. 6 Finite element analysis on different water depths

Wijngaarden(2013)-2 3 ¥ ¢7|& AR sh= A e A
Z+d|(Tripod) B2 T2E9| ZAAL H71E $431920 HLV,
Hydraulic hammer 5°] 28¥ 519} AXH= AA B89
oF 30%= H7HEAT. FAEESY PGMSS] Z7|FAH]E
(Gost)2 2] (3)F Zo] AZHlol| gFhe Fate] AL 4= 3l
), PGMS9] 33+ 1.43°|tHLee et al, 2016). FT2E2] A%
Hl= B38HA] ke F2EEY)dl s £ 2495USD, Exbst
TEZEEH2TEE) &) EF 4990USDE F4F3IA THDe
Vries, 2007).

GQst=C,+G+C=C, %3 3)

‘m m

Table 8 Dimension, steel and concrete usage of pile-guide mooring

system
Seabed truss structure ;
Component  Guide pile Foun'datlon
X-direction Y-direction pile
Diameter [m] 3.70 1.20 2.30 2.00

Steel usage [ton] 1,790 1,829 1,065
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Fig. 7 Steel usage of pile-guide mooring system

A7tEE & 7EoE AAE PGMSS] F8 FHA A4
ZIA(Steel) AHE-F-2 Table 83 2ok AA Fodtal 1.5m, F4
30m 2704 WA EHd(do] 276m, & 56m, £°] 28m)=
AA &7 Y8l <k 5,128ton2) Aol AHEEH I 7] FAEILS
oF 21.7MUSDE A= PGMSe] %7] Exn|&-S ek
g2z Ao M) wliel|, Fig 63 2o] thekdlt A=
A7 Folvtael dis) PGMSE AAISHITE 24 A9-2 /3 2
& B A ASE AL, 7] FAHE-S 2] (3)
< 7IMke F Fig. 73 o] AL

A A28l 780l & o] 2] x}o](PVPD)= STS LNG WA
o] 718 & Alol& B3l 1B F glom, 4] @)} 2ol ALt
PE 7HEE 3o A% WAR A4 7(737.1MUSDA), AAE
7HE%  XO)(Availability difference), ne TEES 7|4
(Lifespan)= oJm|gith. migiol] sk o< oisl] dl&
(Discount rate, d)& 283t AA|7IXZ 4+ & PvPDE Al4bsH
Atk ARkl A =Tl D& oF 2~8%0|THThoft-
christensen, 2012). F-/-17F ING HAHL HE AlF H2l(Side
By Side)o 2 =1 Ao 45 °] 2m o|3tE AFkE] ofof
THNaciri et al.,, 2007). TetA HAH 7HEEE T4A47F A
S5 ExE o] kY] ol B4E HlEke 2 Wl ofof
SRRk, Fojd F2E g AAE tFEEs B AfdiE 27
E21 83 785 Zpol7) A AFA 2 Aol At & 4

| Lifespam

1800 K \

o~
2
7))
-
= 1200
<
= 1000
E aw |
600
E 712 g
Z 400 410 e\
200 &
&
&

Fig. 8 Present value profit difference of LNG-BT in Singapore port
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—e—— SWHI15Sm
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— —4— - SWH7.0m y
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300 {| ——-— SWH13.0m

—O—— SWHI150m
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Initial investment (million USD)
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Water depth (m)

WA Bk Bl Al SFNS
o 7HeE Aol® BASHE AT 5 Pasih

PVPD= _zn]PAA(Hd)H @)

i=1

Fig. 82 7F¢= oo u}& PVPDE HFT) & =
= LNG-BT9| 7|tjgHo] 304, L2& 1= 7|g$Ho)
50921 Ag-olt}. 7%= olel] W& PVPD WHIle 1 2
o] FxA|z=H] Ve dlgd wet ZA 2 4 9
o & AFdAE ol FoY F2E Hlme] JoA s
LNG-BTE] 7|t 45 304, AE&S 5%=2 7Ptk

H|S=8k =24129m)oll thsl GBS Wjoz HAE Hzx iy
LNG 214 19 Adriatic LNGE o]gg]o} Wiy29} vf$- 717k
& Aol AXFH AL o] FF ARl 2ol 180m, & 88m, F
o] 47mo]1l, 9= T Fojg FZEE(Mooring dolphins)©]
Atk o] FHA AR FREL s oF 30,000= At
90,000m*2] ZF 2| E7} AHE-E AT Waters et al., 2007). 3% +
ZE AMEEE £38ES] Wb oF 200USD/m’o]H, A=)
Z AsAT}E o 40%E AAS] o] 2IYE F2E9 A
ZH|E oF 500USD/m’ .2 714318 ThBarker, 2017). A2 A|
2 E B3 2495USDE Al4FsHAth GBS T-&=2 PGMS

Lifespan: 50 yr

N
3
o

pVPD (million USDh)
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Table 9 Comparision of mooring solutions for offshore LNG-BT

Seong-yeob Lee and Daejun Chang

Comparison item GBS Turret mooring system PGMS
Supportable weight No limit No limit No limit
. < 110 [m]
<
Target water depth 20 [m] No limit depending on design wave height
LNG-BT motion Negligible Need to check Negligible
Ship accessibility High Limited High

Shallow water with frequent LNG

Applications ..
PP transfer, Harsh wave conditions

depending on availability of LNG

Deep sea and shallow water Mid-depth with frequent LNG

transfer, Relatively calm sea state
STS transfer y

23 vagls o FH o R HX)7t golsith FH|9k AX
H7F ZAA ¥)8-2] oF 10%ek 7HAsEa, old GBSS sake
L11e]t}, 1 A3k EE 30,00083 90,000m’e] ZIBEES ALE
st GBS WA o2 AAE AR F2E 27| B4 vl ¢F
133MUSDL 2 FH =t} o] AAA HI71E v’ o2 GBS ¥
213} PGMS W21& Blwsf Rtk F5AS BE =T T

S5 GBS WS ASHELE AN 5 AR 250) T4
£ PGMS B4e) 37T HEEE WS HoE oy
Ao, AKEE A FAHD Lsm FA SomolHE

GBS "H}(133MUSD)X.t} PGMS H *4(21 TMUSD)°] A Ho =
S8 Aoz HriEATh PGMS WS B5A dE7F A
A7) wiEol 3 ghEe 2 Oﬂ%:% =t} GBSE AA
w2} 27| FAplgo] g2 4 9o} Fig. 73 Adriatic LNG

wge o A fFolgart 15m ol (< 50m)ell A
£ PGMS ¥2)(< 120MUSD)°] -8 AL =2 7|tett. 3art
Aoz =&EA vt > 15m) A< 20m)lM =
GBS ®2lo] PGMS W HTk a3 o )

B2l Fo]&] 22 T wlo]'d(Weather vaning)©] 7Fsste]
FrA o ZHe3te EsteS A4t Al F o dE A7t
x] Z—Lg. 7]—‘—“—‘5‘]—E]~‘: A o] [} 01/]. PGMslﬂ]-}\qu_ H]ﬂz}\]’l\% u—H —Hr"ﬁ'
A g2 Yol 7] wFEol A8zt ING ¥AHE A8 7=
HAEZ} a3t A7tEE gollA Bl Foly Wl A8 7
£ 9F [0~12MUSDS] 7] EAlH|80] Q¥ Ho =2 d gt
(England et al., 2001; Ryu et al., 2007). We}A 4 30mellA] B2l
T8 w22 PGMS WA 79| 7HE-E 2bel7t 0.1% ©SHPVPD
<1IMUSD)Y W] H83 Ao g Wtk AVtx= o] sz

& JioE fslnE PGMS W3 BfEl Foy] whale 71kg-

= AJo)7} ZA] 8 ZA(12% TTY, PVPD < 150MUSD)C.2 <l
Hr} o]E 3 s =HoAAE oF A 110m7kA] PGMS (<
13IMUSD)o] FE1& Aoz EMFHIUT

7<—l;<4 7:]]E }\] _3. E T3 Hﬁ,] aHN— z7—] /\/\l LNG tgy-]a]

ol e} vk = 9lom, 27| FAH 83 7}%5 AE
%—FP PVPD B2 E 53] 73_ 42 4= T} Table 9= ) A4 B}
E TAR 89 Fojfg AlzEle] EX A8 vhs e olth

4.4 =

Ao A= a4 ING ¥AH HujdE AT & = 7
A7lol =] AlF A 2E(PGMS)S 3H& UE AT AAHT &
gt Aoz AASETE T3 FREL 27] AL 7t
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