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Abstract

The issue of energy acquisition due to the increase of oil price is one of
the most important issue and policy of every nation. Various tankers have
been built in the world and sent to the trade market. It is necessary to
build the port infrastructure and facilities to give them proper services such
as mooring, packing, storing, and tranship, etc. However, The domestic
guidelines or standards for design and construction for the dolphin berth
among these facilities are out of date and do not meet the recent trend of
tanker types. Therefore, it requires amendment on the guidelines or
standards.

In this study, a detailed analysis of the tanker fleet, covering 8,000 ships
under operation and order to build, is made to estimate the proper PBL of
each tanker class. After discussion and comparison on the dolphin berth
design and construction code of various countries, those are the leading
countries of tanker operation and management, suggestion to amend on the
design code. The referred codes are of Korea, Japan, UK, USA, and Canada.

In order to verify the deduced amendment on the domestic design code for



dolphin berth, it was selected one of the domestic dolphin berth, located at
the Yeosu oil terminal, which is almost completed to construct. The design
criteria and expected tankers to moor in that terminal were analyzed and
the appropriateness and countermeasure for deficiency were summarized as
follows:

1) From the 8,000 tankers in operation in the worldwide trade, the
trend of LOA, PBL, PBL/LOA under full loading condition, normal ballast
condition and lightship condition with respect to DWT were deduced by
the least square method to fit the curve. The estimated PBLs were
0.47L for full loading condition, 0.45 for normal ballast condition, and
0.32L for lightship condition, respectively.

2) In order to figure out the fore & aft mooring and breast line
linking points of ship side on the design plan, the analyzed tankers'
general arrangement drawings show that the fore & aft mooring winch
are located at 3.7m~24.7m from the ship's edges and breast winch is
located at 3m~5m from those winches.

3) Precaution is necessary to the PBL because it is varying depending
on the cargo loading condition on the tankers. Under the normal ballast
condition, PBL is 79~98% of the full loading condition and the lightship
condition gives PBL 50~85% of the full loading condition. Therefore,
the loading condition will change the mooring status at the breasting
dolphins(B/D)and the limit of B/D interval will be changed, too. It is
necessary to prepare for the shorten PBL with respect to the B/D
intervals of each pier.

4) The interval of B/D in the design code taking account of the actual
variation of geometry of the vessels to be berthed, from the trend of
tanker type should be in the range of 0.3L ~ 0.5L as US code. The
analysis of tanker fleet shows the PBL as 0.45L under the normal
ballast condition.

5) The number of B/D is usually two and M/D is four to six,



depending of the size of tanker. B/D interval should be such as to allow
the smallest design tanker to be able to lie alongside with at least two
dolphins in contact with the straight run of the hul (PBL). Where the
range of tanker sizes is large, then provision of two sub B/D may be
necessary.

6) The present design code for horizontal mooring line angles is
proper for the tanker fleet mooring such that the angles between fore
& aft lines and the vessel's should not be smaller than 30°~ 45° The
breast mooring line angles do not exceed 10° at M/D and the spring
mooring line angles do not exceed 10° at B/D, too.

7) As per the analysis of the tanker fleets in the world trade service,
the straight line defining the outline of the central part which accounts
for about 3/4L and two curves defining the outline of the bow and stern
parts which accounts for about 1/8L in the Korean and Japanese dolphin
design codes need to be erased or amended as 1/2L of central part for

the straight line and 1/4L of bow and stern parts for the curve.
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Table 1.1 Remain of shipbuilding

order with respect to the fleet in operation

=+ (%)
"12:d
S o7 | rosyd | o9y | '10dd | '11dd ®)
A AEF (n.TEU, A) 10.8 12.2 | 12.9 | 14.2 15.3 16.4
A (. TEU, B) 6.6 6.2 4.9 3.8 4.3 4.1
B/A 61.1 | 50.8 | 38.0 | 26.8 | 28.1 | 25.0
HA HEZ (n.DWT, C) 398.5 | 422.3 | 461.7 | 539.9 | 616.5 | 690.9
HA =4 (n. DV, D) 245.3 | 322.2 | 303.7 | 301.2 | 223.7 | 191.5
D/C 61.6 | 76.3 | 65.8 | 55.8 | 36.3 | 27.7
g A& (n.DWI, E) 388.3 | 406.0 | 435.6 | 454.0 | 480.3 | 498.7
B W22 (m.DWT, F) 167.0 | 179.4 | 142.1 | 129.2 | 87.4 | 79.7
F/E 43.0 | 44.2 | 32.6 | 28.5 | 18.2 | 16.0
ZF=: Clarkson
(%)
800 - —t—HEjoj{ =—w=—dg3y —e—g7 ===Total
700
60.0
50.0
40.0
300
200
100
0.0
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Fig. 1.1 Remain of world shipbuilding order with respect to the fleet in operation
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Table 1.2 The trend of oil & product tanker and cargo

TE ‘07d ‘08 ‘099 ‘10 ‘114
0i1 AEFS7HE 6.0% 2.7% 5.1% 3.3% 6.7%
Tanker BEFTE | 2.6% ~-1.0% -3.7% 3.9% 2.5%
Product | A=Fe7HE | 8.2% 8.8% 11.4% 10. 3% 5.1%
Tanker E5ES7HE | 3.5% 2.0% ~3.6% 4.0% 3.0%

2}5: Clackson, 0il & Tanker Trades Outlook (March, 2011)
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Table 1.3 The fleet type of tanker

73 B I B o
A At H

VLCC 166.1 56.2 33.8% 3.5 2.1%
Suezmax 64.2 23.2 36.1% 1.8 2.8%
Aframax 93.5 14.8 15. 8% 4.9 5.2%
Panamax 28.7 5.8 20. 2% 1.9 6.6%
Handy(Products) 101.8 17.7 17.3% 11.8 11.6%
Small 21.6 2.1 0.9% 3.7 17.1%

Al 352.5 100 25.1% 32.1 5.8%

A5 . Clackson 0il&Tanker Trades Outlook (March, 2011)

B o] M3 @3} Table 1.3¢] £kt ule} o] A &IF5< HEeks
7o 2 S w 200DWTel Aol VLCCZF 47.1%, 129H~20WHDWTS] Suezmax”}
18.2%, S8WH~127HDWTS] Aframax”} 26.5%, 69F~87HDWTS] Panamax+
gko] A A FWA<l Handy 7l 28.9%, 1 9 19HDWT ©]3ske] 4
2HA8kaL 9}, Clarkson(2012)2] el w2 20143704 73S 7
A &S VLCC7F 49.1%, Suezmax”} 19.3%, Aframax: 23.9%, Panamax”} 7.6%,
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Fig. 2.3 View of mooring dolphin (M/D)
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Fig. 2.4 View of trestle (plate girder type and truss type)
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Fig. 3.11 Two types of flexible breasting platform (US NAVFAC DM)

_29_



3-PILE CLUSTER 7-PILE CLUSTER ) {9-FILE CLUSTER

A-TYPICAL TIMBER-PILE DCLPHINS

e e T
|
| P
5 . i
T RUBBER FENDER—! |
| 1
o
\ Lew——— STEEL CYLINDER H
i i
& !
- ———— L
e M
SECTION A-A ELEVATION Aa-a
SINGLE PILE BATTERED PILES

B-TYPICAL STEEL PIPE-PILE BREASTING DOLPHINSG
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Fig. 3.14 General arrangement of three—island berth (BS Code)
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Fig. 3.21 Vessel response to wind and current loading (US NAVFAC DM)
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Fig. 3.25 Minimum mooring line arrangement for tanker ship
(Transport Canada TEMPOL Review Code)
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Fig. 3.27 Typical horizontal mooring layout (OCIMF)
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Fig. 3.28 Typical vertical mooring layout (OCIMF)
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Fig. 3.30 Horizontal mooring line angles (MOTEMS)
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Fig. 3.31 Vertical mooring line angles (MOTEMS)
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Fig. 4.1 The recent status of tanker fleet operation and demand
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Table 4.1 The status of existing tanker size (2012)

Number Average Data
DWT & . Class
of ships LOA | Draught DWT
1,000 ~ 4,999 834 |  83.50 5.18| 2,917 Small
5000 ~ 9,999 | 1,439 | 111.25 6.74|  7,001| Tanker
10,000 ~ 14,999 664 | 129.70 8.33| 12,440
15,000 ~ 19,999 575 |  148.23 9.07| 18,046
20,000 ~ 24,999 82|  160.09 9.70 | 22,298
25,000 ~ 29,999 161 171.42| 10.29| 27,78
30,000 ~ 34,999 181 178.16] 10.92| 35,802 ,
Handy Size
35,000 ~ 39,999 420 | 181.48| 11.16| 37,500
10,000 ~ 44,999 253 | 181.18|  11.42| 42,019
45,000 ~ 49,999 706 | 182.98|  12.28| 46,830
50,000 ~ 54,999 277 | 184.96|  13.02| 51,121
55,000 ~ 59,999 0] 211.29| 12.13| 56,167
60,000 ~ 64,999 31| 214.43| 12.59| 62,626
65,000 ~ 69,999 79| 224.25| 13.10| 68,041
70,000 ~ 74,999 269 228.71] 14.14| 73.502| | onamax
75,000 ~ 79,999 12| 228.75|  14.41| 76,102
80,000 ~ 89,999 45| 236.23|  14.60 | 84,941
90,000 ~ 99,999 133 242.65|  13.78| 96,777
100.000 ~ 109,999 502 | 242.92 14.85| 106,205 rramax
110.000 ~ 119,999 253 | 248.52|  14.83 | 114,252
120000 ~ 129,999 26| 261.22| 15.60| 124,462
130,000 ~ 139,999 9| 265.18| 16.20| 133,796
140,000 ~ 149,999 107 | 263.03|  16.43 | 148,298 | Suezmax
150,000 ~ 159,999 248 | 274.25| 16.91| 156,992
160,000 ~ 169,999 64| 276.59| 17.07| 164,639
170.000 ~ 279,999 22| 318.78 | 19.76| 249,661
280,000 ~ 289,999 95| 329.78 |  20.55| 282,558
200,000 ~ 299,999 185 178  2140| 2esos6] o
300,000 ~ 309,999 185| 332.86|  21.80| 304,599
310,000 ~ 319,999 143 | 333.48| 22.02| 316,685
320,000 ~  over 31| 335.81| 22.51| 328,572

Total 8,001
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Fig. 4.2 The recent trend for capacity and size of tankers

Table 4.2 Analyzed LOA, PBL, beam, and draught of all tankers

S
o N.B LS PBL/ |N.S PBL/
T LOA PBL PBL PRL LOA LOA PBL/
LOA
nin 64.95 | 19.06 | 23.09 | 16.79 |0.19918 | 0.18 | 0.15
max 343.71 | 193.75 | 174.8 | 147 | 0.74932 | 0.75 | 0.73
Eg | 290.0 | 134.8 | 110.34 | 82.18 | 0.47 | 0.45 | 0.32
DT ] 1,114 ~ 330,550 DT
y = y = y = y = y = y = = 0.454
o= EA | 7.6746 | 0.8617 | 2.833 | 3.249 |6B-09x +| 0.413 v
0.3009 0.3198 0.319 0.280 0.010 X
X X X X 0.4617 X
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4.1.3 DWT < LOA, PBL, BEAM, Draught &4}
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Fig. 4.4 LOA, beam, and draught of 1,000DWT class tankers versus built year
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Fig. 4.16 LOA, beam, and draught of 150,000DWT class tankers versus built year
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Table 4.3 Analyzed LOA, PBL, Beam, and Draught of 1,000DWT class tankers

) 4] LOA Beam Draught PBL PBL/LOA
min 57.5 9 3.51 19.1 0.29
max 77.23 11.5 4.26 26.6 0.39

o 33k 64.09 9.97 3.99 23.4 0.34

DWT £ 1,000DWT class (1,016 ~ 1,150)

=R

v = 40.672x" %7

v = 47.504x "%

y = 0.2762x" %%

Table 4.4 Analyzed LOA, PBL, Beam, and Draught of 10,000DWT class tankers

) A LOA Beam Draught PBL PBL/LOA
min 99.8 16.02 6.08 43.0 0.37
max 139.05 23.8 8.5 67.0 0.53

o Z3k 122.94 19.16 7 el 58.7 0.48

DWT 9] 10,000DWT class (9,500 ~ 10,500)

g Z A |y =46.424""" |y = 0.0698x>%" | y = 0.1205x" """

Table 4.5 Analyzed LOA, PBL, Beam, and Draught of 30,000DWT class tankers

) % %] LOA Beam Draught PBL PBL/LOA
min 163.8 25.3 8.96 78.0 0.49
max 206.51 31 11.53 78.0 0.49

o) F 3k 179.11 27.81 10.42 78.0 0.49

DWTH <] 30,000DWT class (29,523 ~ 30,500)

gz EA |y = 7E-30x " |y = 2B-15x7%0 | y = 5E-11x>%
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Table 4.6 Analyzed LOA, PBL, Beam, and Draught of 45,000DWT class tankers

) % %] LOA LBP Beam Draught PBL PBL/LOA
min 171.8 164 28.4 10.33 68.4 0.37
max 215.34 200.82 32.3 13.4 92.0 0.48

o %4k 183.14 174.04 31.63 12.09 82.6 0.44

DWTH ] 45,000DWT class (44,508 ~ 45,480)

TR ZFA | y=267"" | y = 12,9597 | y = 66-08x"F | y = TR0

Table 4.7 Analyzed LOA, PBL, Beam, and Draught of 80,000DWT class tankers

o 3£ X LOA Beam Draught PBL PBL/LOA
min 210.49 21.2 12.5 99.2 0.41
max 253.5 48 16.09 155.0 0.67

o 32 %k 230.83 33.13 14.67 126.9 0.52

DWT*H £ 80,000DWT class (75,071 ~ 84,999)

gz |y =22.354""% | y = 0.5418" % | y = 0.1109x" "

Table 4.8 Analyzed LOA, PBL, Beam, and Draught of 120,000DWT class tankers

o X LOA Beam Draught PBL PBL/LOA
min 235.3 39.04 12.39 110.8 0.44
max 265. 88 46.1 17.07 118.1 0.48

o) F 3k 249.81 43.71 15.05 114.1 0.46

DIWVTH £ 120,000DWT class (115,000 ~ 124,758)

Yz EA |y =0.1374x"" |y = 316.67x 1 | y = 0.0172x"°Y
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Table 4.9 Analyzed LOA, PBL, Beam, and Draught of 150,000DWT class tankers

%3 LOA Beam Draught PBL PBL/LOA
min 268 43.2 13.77 139.0 | 0.50
max 302.88 50.04 17.52 139.0 | 0.50

o) % %k 273.75 46.97 16.49 139.0 | 0.50

DT <] 150,000DWT class (146,041 ~ 154,970)

P zEA |y =331.9x " |y = 773.98x " | y = 0.0001x"7

Table 4.10 Analyzed LOA, PBL, Beam, and Draught of 200,000DWT class tankers

o] 3% A LOA Beam Draught PBL | PBL/LOA
min 274 45 13.29 140.0 | 0.47
max 300.84 53 19.68 140.0 | 0.47

o) &%k 277.87 49.25 17.22 140.0 | 0.47

DWTH <] 200,000DWT class (160,044 ~ 214,862)

TYZFA |y = -0.505x+1474.2 | y = 2E-19x° P | y = 7E+28x !

Table 4.11 Analyzed LOA, PBL, Beam, and Draught of 320,000DWT class tankers

=R LOA Beam Draught PBL PBL/LOA
min 329.71 58 19 133.4 |  0.40
max 339.76 70 23.07 193.8 |  0.56
o ¥ 3k 333.37 60.03 22.09 158.9 | 0.47
DT ] 320,000DWT class (310,000 ~ 321,300)
lﬂf% y = 147.22x"%% | y = 28.744x" " | y = 9E-08x"7Y
2
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Table 4.12 Comparison of the existing tankers with the statistic results

DWT LOA NBPBL | NBPBL | Beam Draught (m) Free Board (m)
(ton) (m) (m) JLOA | (m) SF LS NB SF LS NB
1,000 64.09 | 23.4 | 0.34 | 9.97 | 3.99

1,228

Yo.2 63.80 | 23.09 | 0.34 | 10.82 ] 3.96 | 1.6 | 3.2 | 0.7 | 3.0 | 1.4
Yeosu Pioneer

10,000 122.94 | 58.7 | 0.48 | 19.16 | 7.71

9,515.8

T 119.2 | 63.61 | 0.53 | 18.2 | 7.51 |2.35| 4.6 | 2.5 | 7.8 | 5.6
Golden Grace

30,000 179.11 | 78.0 | 0.49 | 27.81 | 10.42

29,098

S | 175.06 | 72.96 | 0.42. | 26.0 | 11.02 | 2.9 | 6.5 | 3.6 |11.7| 7.9
45,000 183.14 | 82.6 | 0.44 | 31.63 | 12.09

44 999

Overseas 183 90.96 | 0.50 | 32.2 | 11.95| 2.5 | 7.4 |7.29|16.6|11.7
Kimolos

80,000 | 230.83 | 126.9 | 0.52 | 33.13 | 14.67

79,999
e oo | 243 118.0 | 0.49 | 42.0 | 11.77| 2.4 | 7.0 | 8.9 | 18.2]13.7
120,000 | 249.81 | 114.1 | 0.46 | 43.71 | 15.25

115,536
FoRih e | 243.8 | 118.1 | 0.48 | 42.04 | 15.64 | 2.5 | 9.1 | 5.9 | 19.1|12.4
150,000 | 273.75 | 139.0 | 0.50 | 46.97 | 16.49
146,041 1 577.0 | 139.0 | 0.50 | 44.4 [16.55 | 2.3 | 7.4 | 7.6 | 21.8|16.7
ew Fortuner

200,000 | 277.87 | 140.0 | 0.47 | 49.25 | 17.22

26%1(9539 330.0 | 114.5 | 0.35 | 60.03 | 19.73 | 2.55 | 10.74 | 7.7 | 27.2 | 19.0
320,000 | 333.37 | 158.9 | 0.47 | 60.03 | 22.09

309,316

UNIVERSAL | 333.12 | 161.83 | 0.49 | 60.0 | 21.02| 3.1 | 9.2 | 5.6 | 23.5| 17.4
CROWN

AA Ao g BT ~E PBL/LOA H| & B X NB PBL/LOA = 0.45

SF : Summer Full Loading condition
Remark LS : Light Ship condition
NB : Normal Ballast condition
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Fig. 4.21 Evaluation parameters of B/D span at dolphin berth

Fig. 4.22 Typical mooring arrangement of a tanker at the berth 1 (OCIMF)
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Bescrjption

| Comblmd Mchﬁrwmdiasmm Winch
2 SPM Pick-up Rope Winch
3,4,5,6,7, g Mooring c'%vrnch ;pmdﬂe Drum)

10 an: Chain Stoppe

11 Ememm Sa;mrn (Forward)

12 Emergency Towin em (Aft) and Escort Pullback

13 Mooring Chock (600 x 450) for SPM, ETS

14 Mooring Chock (400 x 250) for Moonng

15 Mooring Chock (400 x 250) for Cargo Manifold

16 Bollard

17 Bollard for Cargo Manifald Fitting

18 Pedestal Fairlead

19 Horizontal Rope Guide (Roller or Pips)

20 Cruciform Bollard for Cargo Manifold

21 Eye Plates for Cargo Manifold

22 Emergency Towing-off Pennant

23 Mooring Cheock (500 x 400) and Bollard for STS
within 35 metres of Manifold for Discharging Ship

Fig. 4.23 Typical mooring arrangement of a tanker at the berth 2 (OCIMF)
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——» Primary Lines
-+ Auxilliary Lines

Fig. 4.24 Tanker mooring arrangement on the fore deck (OCIMF)
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Casing

«——————— Primary Lines

- ~=== Auxilliary Lines

Fig. 4.25 Tanker mooring arrangement on the aft deck (OCIMF)
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Fig. 4.26 The trend for fore and aft mooring winch location of tankers
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Table 4.13 Analyzed mooring winch position for tankers

54 LOA (m] BCM | CMMF | CMMP [CMMF [ PBLF [[LOA-(CMME+
- (m) (m) (m) [H+CMMP| (m) |CMMP)] /2 (m)
min | 68.8 | 3444 | 314 30.3 | 617 | 26.64 3.1
max | 343.71 | 174.86 | 160.0 | 168.3 | 318.0 | 193.75 24.7

3zt 186.4 | 9240 | 81.0 86.8 |167.74| 93.19 9.2

%V‘g 1,128 ~ 309,316 DWT

y = y = v -
= = = | -2E-09x* | ~2E-09x* y =

agz| Y Y * *|7.0381x% 7 |y = 1.120x%1

8.378x%%%3.753x%%2| + 0.001x | + 0.001x | ers  |3.633x
24 R® = 0.414

R* = 0.962R* = 0.954 + 39.79 | + 43.53 R* = 0.894

R = 0.9542
R® = 0.959|R® = 0.954

Fig. 4.27%} Table 4.14%= tAakele] $ ]38k db=r4 78 AHKNOC) & HF-F2]

o7 2 A4

B/D 471(W, 915 2+ 271), W/D 471(W, &5 2+ 27])o] QRH7F ZFH-AlAE = A
H ATt Fig. 4.28 ~ Fig. 4.29% AAXo] yYephd 27 AlFAIAde] Fin)
A&t &t EAW/P)e deck AFS EAIS Ao}, Fig. 4.302 djitadel
A B AL EARFY AX(@)E e Aotk m=woA Agstn
A= AERE 5,000 ~ 325,000D8Twelvt B/DIFAe] WSS = 56m, 9|50 %
120n2 Alg et oA 50,000DWTF 2] el ofelgo] o Adtt
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==

Fig. 4.27 View of KNOC dolphin berth

Table 4.14 Specification of KNOC dolphin facilities and structure types

Breasting Dolphin Mooring Dolphin
T4 | Working Platform
QOuter Inner Outer Inner
TR | 40.0<30.0m 16.0%21.256m | 12.0<15.5m 14.0%14.0m | 14.0<14.0m
T 171 271 271 271 47]
2| Jacket Jacket?) Jacket?] Jacket?) Jacket?)
= =1
_ (14.0Bx17.75| (10.0Bx12.0L| (11.60Bx11.| (11.6BX11.6
A 0Bx<24.00<37.
84| (G4 i ) 1.<36.6H) *36.6H) 6L.<33.1H) [x29.1H)
‘Personnel House ‘QRH ‘QRH
- 7.0%6.0mx1% - Outer B/D : 100tonx2Hook| - M/D—4
‘Form House - Inner B/D : 100ton<2Hook : 100ton<3Hook
gm - 6.0%4.0mx15 | ‘Fender System - M/D-5
}?]; -‘Unloading Arm - Quter B/D : : 100ton<3Hook
= - ®16"<3EA TR-2.25Hx>2.22L - M/D-6
- O12"<2EA - Inner B/D : . 100ton<2Hook><2set
‘Gangway TR-1.6HX1.22L
- 4.0X3.0X1EA
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Fig. 4.28 Plan view of KNOC dolphin berth
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Fig. 4.29 Working Platform deck plan of KNOC dolphin berth
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Table 4.15 Specification of STC No.2 dolphin facilities

Fig. 4.31 View of STC No.2 dolphin berth

and structure types

Breasting | in Mooring Dolphin
T | Working Platform
n er Outer Inner
T | 45.0%45.0m| 60.0<30.0m 160<00n 120<40m| 120<565m| 12.0x14.0m| 11.0%14.0m|
TZ | 17] 27] 47] 27] 27] 27] 27]
= Pile?] (®914.4 X 16t)
&) e (@914. t
{ior\;;rlf—lfggm &
. - Outer B/D : 60ton><2Hook
1 4.0%6.0mx1%5 .
. - Inner B/D : 60tonx2Hook | -QRH
‘Loading Arm
“ Lo ‘Fender System - Quter M/D
AR - WP-1,3 1 @8"X9FA _
A | - W2 : o8'xTEA | Outer B/D : 80ton><3Hook
D16"<OFA : Rubber-0.8Hx<2.0L - Inner M/D
G . TTV-1.6HX1.6L . 60ton><2Hook
- WP—1y~3 - Inner B/D
 4.0%4.0m<1EA + TIV-L6H<1L 2L
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Fig. 4.32 Plan view of STC No.2 dolphin berth
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Fig. 4.33 Working Platform deck plan of STC No.2 dolphin berth
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Fig. 4.35 General arrangement of Dangjin dolphin berth
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Table 4.16 Specification of Dangjin dolphin facilities and structure types

Moor ing Dolphin

8.80

o
e
©

50,000 DWT

@D

56.00 ‘
‘

50.00

T

‘ 37.00 ‘ 37.00 ‘
‘ ‘

50.00

F

T2 | Working Plat form Breasting Dolphin
Outer [nner
T | 20.6%20.6m 10.8<10.8m 10.8%<10.8m | 8.8%8.8n
F=E | 17] 27] 27] 271
: A : A
T2 | Caisson? Caisson?) Caisson, Caisson,
21| (8.8B<8.81X22.0H><4EA) (10.8B><10.8L.<20.0H) (10.88>10.8 (8,88 8.8
° ' ' ' ' ' ' L 20.0H) > 20.0H)
-Operation Building
- 10.0X6.0mx1& ‘Q.R.H ‘Q.R.H
squ | Loading Arm  3FA - B/D-1 : 60ton><2Hook = M/D-1 : 75ton><3Hook
apg | Gangvay 4.0x3.0<IEA | - B/D2 : 60tonxZliook | - WD-2 : ton 3ok
= | -Q.R.H 60ton>x2Hook<2set | -Fender System - M/D-3 : 75ton><3Hook
‘Fender System - TR-1.8H%1.0L - M/D4 : 75ton><3Hook
- TR-1.8H><1.0L

56.00

51.60 8.80 40.20

0.80 21.30 ' 20.60  21.30 10.80

40.20

8.80

51.60

286.00

Fig. 4.36 Plan view of Dangjin dolphin berth
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7IRbFS o] A ARtow HE LA LA

Fig. 4.38 General arrangement of Onsan S—Oil dolphin berth

Table 4.17 Specification of Onsan S-Oil dolphin facilities and structure types

. - . Mooring Dolphin
| Working Platform Breasting Dolphin
Outer Inner
T | 32.0<50.0m 32.0<16.0m 22.0>10.0m 10.0><10.0m
T 17] 27] 37] 37]
Caisson?] : . Caisson?]

== Caisson?) Pile?]
B, (10.5B>x16.0L<17. 1Hx (10.0B><10.0L
=R X X X
=32 ) (15.0B%16.0Lx17.1H)  |(D812.8<14t) % 10.51)

-Loading Arm 12FA

-Gangway 0.0><3.0><Z2FA ‘Q.R.H Q.R.H
AL -Q.RH - 100ton><2Hook - Quter M/D : 150ton><2Hook
A | - 100ton><2Hook < 2set ‘Fender System - Inner M/D : 150ton><2Hook

-Fender System - TTV-1.8H%2.0L ‘Fender System

- TIV-1.8H>2.0L - TIV-1.0H><2.0L — Inner M/D : TIV-1.8H%2.0L

- TIV-1.0H>2.0L
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Fig. 4.42 Plan view of Jangsaengpo SK No.3 dolphin berth
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Table 5.1 Evaluation sheet for B/D intervals of Yeosu berth

Aupzs) Ao | HUETR ] QA BRHA | g yag |GE A
RS (DVD) @ m A7 = Az (A
- W (1/3L) [0.25L ©]40.4L o] 3} Z gho 1)
10,000 140 42.0 35.0 56.0 HA 9
J-1 60.5 .
80,000 260 78.0 65.0 104 Bt
30,000 187 56.1 46.8 74.8 ol
J-2 75.0 -
120,000 297 89.1 74.3 118.8 S
80,000 260 78.0 65.0 104.0 S
J-3 95.0 -
320,000 322 96.6 80.5 128.8 A3
1,000 61 18.3 15.3 24.4 16.0 et o
3,000 90 30.0 22.5 36.0 Bt
J-4 5,000 104 31.2 26.0 41.6 . Bt
7,000 116 34.8 29.0 46.4 ' 228t
10,000 140 42.0 35.0 56.0 et
%= Loading Arm S arejshA] & WP TS 7Ieez & 4ot
ol W/PZe Loading Arm & ¢ fIx= AEHAIFAIS] THZAAA T4
sk A7 HEZ, L/Arm 542 fIA7F W/Pell A AL S B/DY 14

HE wgsit.
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Fig. 5.2 Variation of PBL with respect to cargo loading

fu
L

(2) AA Akt

= A A 7ZH(PBL)> Table
AAX ] Adutell disf A= 0.37~0.559] H 4

+ LOA(m)
H PBL(m)
A N BPBL{m)
< LSPBL
¥ PBL/LOA
® N.BPBL/LOA
+ LSPBL/LOA
T ASHE (oa(m))
— ASH S (Loa(m))
— ASHE (peum))
“HEXNE (N BPBLYmM))
— HSHZ (Lsrey)
—— ZiSH = (paL/LOA)
T AHSAHZ (rau/Loa)
T HEXS (N8 PBLLOA)
~ HEHS (N.BPBLLOA)
~ HEM S (LsPaL/LOA)
HEHE (LsPBLLOA)

condition

5.201 4 ¢} 2

o] dute] A7) whe} HEha
of JA i o]o] A= e LHAE 2o R S 0.45L00 gt
T},

@ L/Armo] W/P Fgell 12t 745

Qory Az zt REH Hot Aubd PpLo| A Table 5.29] $-Z3} o] 27|
MAuko 7 PRLS FA3F AR = sl PBLS 0.25 ~ 0.4L2] AA7]F] 283}
™ J-1%%  10,000DWT, J-2 %% 30,000DNT<} 45,000D8T, J-3 -
80,000DWT, J-4 10,000DWTH Hubdebe FA3tst o= UrE‘rLJE}. e
NB PBLO] H]&S 0.45L% #&3bd, J-137F 10,000DVTHF S A 98t 25
Agst Ao B 4 glom J-4 RO 1,000DWTH-S B/D{Pz,ﬂ% 16m= 7
Adell vERY Qo o= AAleF th2a1 W/PHl Fendero] AYd AHdFTE
g8at= 3 wkade Zloft.

_96_



Table 5.2 Evaluation sheet for the specification of tankers between the

planned and statistic values (case for L/Arm at the center of W/P)

A A =] A A A 8kg A A
e A=
TEEWEA | B/DZEA | v M/D | LOA | PBL |PBL/ H] 1 (m) 27}
- [e]
Jetty 10,000DWT|140.0| 35.0~56.0 122.94| 58.7 |0.48| 55.3 |30.7~49.2 | -4 st
1 60.5[340.0
80,000DWT{260.0[ 65.0~104.0 230.83(126.9|0.52] 103.9 | 57.7~92.3 | A1 &
30, 000DWT|187.0|46.75~74 .8 179.11( 78.0 |0.49| 80.6 |44.8~71.6| A gt
Jett 45,000DWT|223.0] 55.75~89.2 183.14(82.6 |0.44| 82.4 |45.8~73.3| A 3t
ety 75.0[380.48
2 80,000DWT{260.0[65.0~104.0 230.83(126.9(0.52]103.9 | 57.7~92.3 | & &
120,000DWT|297.0|74.25~118 .8 249.811114.1|0.46|112.4 | 62.5~99.9 | & &+
80,000DWT |260.0]|65.0~104.0 230.83(126.9(0.52| 103.9 | 57.7~92.3 | & &
150,000DWT|320.0| 80.0~128.0 273.75/139.0(0.50| 123.2 | 68.4~109.5 | & &
Jetty 95.0(443.0
3 200,000DWT|326.0(81.5~130.4 277.87(140.0(0.47| 125.0 | 69.5~111.1 | & &+
320,000DWT|322.0[80.5~128.8 333.37(158.9(0.47| 150.0 | 83.3~133.3 | & &
Jetty 1,000DWT | 61.0[15.25~24.4{16.0 64.09(23.410.34| 28.8 [16.0~25.6| & 3t
100.0
4 10,000DWT |140.0[ 35.0~56.0 |55.0 122.94| 58.7 [0.48| 55.3 |30.7~49.2 | & &
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@ L/Arme] W/P FFell Al ALk 49

AA 2 FFo Aol L/AAme HLA7F € de2 Aol wE Ht 7he
pAure e davt . JMﬂ o Fo| X A9 FAT HarMuke A
|59 0.4L8 A-&3hd, J-155 31,000DWT, J-2 55 44,000DWT, J
100,000DWT, J-4 15,000DWT+(Sub B/D Z1& Al 6,000DWT) .2 F4 & o,
AAF-F7F FAede Aoz vebst

N

L/Arme] A fjol o3t Hetrbs FHadnkel =42 B/DIHA ] 1/29] L/Arme]

HAAAZE "3t & o]& 2wty FFo A 5 = HASA AL o=
A o]}, Table 5.3 0.45L2 FA 3 AxE veldit),
B/DZ7tA
QRHE ¢ [_j QRHE 9
/anwﬁ R y _"Aﬁ%‘«/ /M(UE@;") e AhWi;; B
CMMF D m CMMP
s < % B/D ¥, B/D 4
—— e W i, B e L b
(FORE) (AFT)
HBD+AEY x2

<=M Manifold 24| | &>

Fig. 5.3 Variation of PBL due to shift of L/Arm at W/P
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Table 5.3 Evaluation sheet for the specification of tankers between the
planned and statistic values(case for shift of L/Arm at W/P)

A2 5
Liarm 19 | B | ppyg | L/Am [ (LOA) {LOAZIAH DWTZ=7)

SR A ~BD | A PBL -
T B=D+ |@=B) x 77}
T @ @ ) ) DWT |@=0.4|AX7|&

F.0. [N 7.5/60.5|30.3| 37.8 | 75.5 |(140.0)| 188.8 | 41,000 | ¥ &
J-1

Product|S 4.5/ 60.5(30.3| 34.8 | 69.5 [10,000| 173.8 | 31,000 | 2= &

C.O/F.0|N 1[75.0(37.5| 38.5 | 77.0 [(187.0)| 192.5 | 44,000 | %23t
J-2

Product [N 13]75.0(37.5| 50.5 | 101.0 [30,000| 252.5 | 119,000 | %= &t

C.0/F.0|S 1.5/95.0|47.5| 49.0 | 98.0 [(260.0)| 245.0 | 100,000 | %43t
1= 12. .

Product | N 27| 95.0 | 47.5 | 60.0 " |/120.0 180,000 | 300.0 | 260,000 BA 8t

F.0 |N 12]55.0|27.5| 39.5 | 79.0 [(140.0)| 197.5 | 48,000 | A&t

Product [N 0.5 55.0]27.5| 28.0 | 56.0 [10,000| 140.0 | 15,000 | %4 3&t
J-4

F.O |N 12]40.9]20.5| 32.5 | 64.9 [(61.0)| 162.3 | 25,000 | =3t

Product|N 0.5[40.9(20.5| 21.0 | 41.9 | 1,000 | 104.8 | 6,000 | H#3%
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5.1.3 AAF-F9 AF=E AXZGY HE

M/De] = tidulel A7)ol whet 9w Ak -
of ztz} 2~37§4 AdA|ek= Zlo] AWk o]l B/DE Adnte] FdgolA He=
N, AXE 2715 AR, vt ol F79 AutE AlFetr] fd
M= Ao AFE 93l 2719 B/D Atelell Sub Dolphin 270 A X]3}7]

WA ow A4 W A

547 Bow 2 Stern Lineo] o]§+= 7k 307 ~ 45° o|U|2 H X% vfX|
= Zo] vtk ste M/Doll A Breast linel FFwW Ay 15° o]u], B/DolA]
Spring Line= 10° o]U|& A8k Zo] Fr}.

(1) F54 Mg 5 ori

@ L/Armo] W/P Z<toll 9|3k 763‘—?—

7} 558 Mooring Lined] FHAAZS AA Algatmet AA43
A2 qEAE T v S vlastel AEsieitt. 53], J-3%
ol hal A Al Bkd 3k 150,000DWT ~ 300, 000DWTE] Xi/'é}(LOA)% zfo
o] glolA, AAAGE vk s wolli= FHAA Ol Xfol 7k = Ao YE

g Lined 4

l

Wtk

1) J-1 3%

J-1 F-5ol A =3 Az 80,000DWTl thake] M/D-13F M/D-4ol A A A A
T2 Fig. 5.49} ol Z}7} 49° 9} 48° = A AL dIAE e}

U, AAMzIE9] Fig. 5.804= 242 45° 9} 37° 2 BAA AXZ A o
2 Hgrsltl. 10,000DWTl thal A= B/D-13 B/D-2014 A AA= 59}
& ApolE YERA Tt

J-2 B A e Sl AMAZE-E 120,000DWTe] tiske] M/D-5¢F M/D-8l 4] A A
A Z3e Fig. 5.59F o] z+zh 48° 2 AH AR dAS s}, 2

MzFE0l Fig. 5.990A% zFzh 44° 2 30° 2 AF AAZ A oy 2 A3t
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3) J-3 FF

J-3 FFollA= 3 AdZtS Fig. 5.63 o]
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AFAFAL A= N/D-82 &4 44T &
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Fa3 Aot}

4) J-4 BF

J-4 o= FHAMLE Fig. 5.7 R Fig. 5.113 #°] 1,000DWT 14}
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80,000 DWT

10,000 DWT
i E%'
DJ J-1 LBD—Z
== CW-6 %
3 [ 1
J-1 Bow Stern
H| 11
o) g et M/D-1 | M/D-2 | B/D-1 | B/D-2 | M/D-3 | M/D-4
80,000D.W.T 49° 15° 10° 10° 15° 48 A 22
10,000D.W.T 23° - 20° 20° - 23° 3 A = 1}
B FGAAZ 300 ~45° | 15° 10° 10° 15°  B0° ~45°
M/D-1 \ B/D-1 ! M/D-4 \ B/D-2
10,000 D.W.T
M/D-1 M/D-2 B/D-1 | B/D-2 M/D-3 M/D-4
80,000 D.W.T

Fig. 5.4 Comparison of horizontal mooring angles for different tanker
types at J-1 pier plan
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120,000 DWT
80,000 DWT
45,000 DWT

30,000 DWT

J-2 Bow Stern

H 1

A Ak M/D-5 | M/D-6 | B/D-3 | B/D-4 | M/D-7 | M/D-8
120,000D.W.T 48° 15° 10° 10° 15° 48° kA Z 3}
80,000D.W.T 39° 15° 10° 10° 15° 35° A
45,000D.W.T 34° 15° 10° 10° 15° 25° FI
30,000D.W.T 24° 30° 20° 15° 30° 24° SA| 2 3}

AR FHAAZ |30 ~45° 15° 10° 10° 15°  |30° ~45°

M/D-5 M/D-6 B/D-3 B/D-4 M/D-7 | M/D-8

120,000 >\
1

:
L4 h]

D.W.T

o

N,
e m&
I

45,000
D.W.T -
Fig. 5.5 Comparison of horizontal mooring angles for different tanker

30,000
types at J-2 pier plan
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‘a200000WT

200000 DWT e
150,000 DWT
w\\\ 1 \\:::\:N ‘ ‘ J-3 ‘ | tj
\\\i /BD*S cwfg{ % me BD-6
HH‘ il I GH: o ﬁl P wo-to S s owsows g
Lo, A owts by
t’%//f/\(;;‘i — ._4"::%\1\‘ .
(}W*15J - \~G;N*16
J-3 Bow Stern
Hl 2
) AF Alu) M/D-8 | M/D-9 [M/D-10|M/D-11|B/D-5|B/D-6|M/D-12|M/D-13| M/D-14
320,000D.W.T | 46° | 58 10° | 15° 220 220 |15° |10° | 46° |3A =T}
200,000D.W.T | 46° | 58 10° | 15° 1220 220 |15° |10° | 46° |3A =T}
150,000D.W.T | 46° | 58° | 10° | 15> |22° |22° |15° |10° | 46° |3A =3}
80,000D.W.T | - | 40° - l15° |22° |22° j15° - | 300 |gAxH
AAFHARAZL I 6 (6 | 15 |15 [ 100 (100 |15 |15 |3 B
wo-8 | w9 | wo-10 | w11 | B0 | B/D6 | w12 | Mﬂyls\ M/D-14
320,000
200,000
150,000
D.W.T
M/D-9 M/D-11 B/D-5 B/D-6 M/D-12 M/D-14
80,000 :y
D.W.T

Fig. 5.6 Comparison of horizontal mooring angles for different tanker
types at J-3 pier plan
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J-4 Bow Stern
H 1

A Aek M/D-15 B/D-7 B/D-8 M/D-16

10,000D.W.T 13° 14° 14° 13° A 22

1,000D.W.T 42° 30° 30° 31° A 22
A FHAAZ | 30° ~45° 10° 10° 30° ~45°

M/D-15 B/D-7 B/D-8 M/D-16

10,000 ¥
D.W.T > 3
1,000 o
D.W.T

Fig. 5.7 Comparison of horizontal mooring angles for different tanker
types at J-4 pier plan
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80,000 DWT

P e 10,000 DWT . SO
e \\\ ’} ,’,///if;:{i\\jf , —m/,/// NN
/// ~ ,//;//////A‘;T/( ) ';30—1DJE U1 Laso—z
“9;\/::; e \\i,/ J J cW-5 ) cw-6
F £ cw-3 CW-4
ow oW b s | i —cm——i——1
J-1 Bow Stern
H 11
o e M/D-1 | M/D-2 | B/D-1 | B/D-2 | M/D-3 | M/D-4
80,000D.W.T 45° 10° 10° 10° 13° 37° ESIT
10,000D.W.T 22° - 22° 22° - 22° SHA| =2}
UG FHARAZ |0 45 | 15° 10° 10° 157 |30° ~45°
M/D-1 M/D-2 B/D-1 B/D-2 M/D-3 M/D-4
80,000
D.W.T A C i o
M/D-1 B/D-1 M/D-4 B/D-2
10,000
D.W.T

Fig. 5.8 Comparison of horizontal mooring angles for the existing
tanker types at J-1 pier
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120,000 DWT
80,000 DWT
45,000 DWT

30,000 DWT

5
J-2 Bow Stern A
A Ak M/D-5 | M/D-6 | B/D-3 | B/D-4 | M/D-7 | M/D-8
120,000D.W.T 44° 10° 10° 10° 13° 30° EIS
80,000D.W.T 37° 10° 10° 10° 15° 28° S
45,000D.W.T 28° 20° 15° 18° 38° 22° SHA| 2 3}
30,000D.W.T 24° 20° 30° 18° 38° 20° SHA| 2 3}
A FHANZE (307 45 | 15° 10° 10° 15°  [30° ~45°
M/D-5 M/D-6 B/D-3 B/D-4 M/D-7 M/D-8
120,000 .
D.W.T .

80,000
D.W.T
L
45,000
D.W.T °

30,000
D.W.T

i
‘
‘

Fig. 5.9 Comparison of horizontal mooring angles for the existing
tanker types at J-2 pier
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320,000 DWT
200,000-DWT
150,000 DWT

80,600 DWT

’:"—‘ PIG s Vi Mn-é ci-13 cwis ‘@4‘\;
7 l—.Dj w14 M |
2 J-4 BD6 1l
il Vil [
J-3 Bow Stern " 1
EPARpE: M/D-8 | M/D-9 |M/D-10[M/D-11] B/D-5 | B/D-6 W/D-12]M/D-13|M/D-14| '

320,000D.W.T | 46° 58° 10° | 15° | 22° |22° | 15" | 20° 36" | gAY

200,000D.W.T | 37° 43" 135 | 157 |22 |22° |15" | 45° 36" [SHAIx=Z

150,000D.W.T | 37° | 43° |[35° |15° |22° |22° |15° | 45° 36° |3 A xR
80,000D.W.T - | or - | 15° | 270 | 27" |15° - 26° | 3A %
BAFTHARAZY 46 6 | 157 |15 | 100 [ 100 |15 |15 0~

M/D-8 M/D-12 | M/D-13 | M/D-14

320,000
DWT

200,000 ;\
150,000 .
D.W.T

M/D-9 M/D-11 B/D-5 B/D-6 M/D-12 M/D-14

80,000 \ | 150 d
s A B LT A

Fig. 5.10 Comparison of horizontal mooring angles for the existing
tanker types at J-3 pier
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J-4 Bow Stern
H
A Ak M/D-15 B/D-7 B/D-8 M/D-16
10,000D.W.T 20° 25° 13° 3k A = 3}
1,000D.W.T 25 25° 39° 3k A = 7
A% FHA Az ° o ~45° 10° 10° 30° ~45°
M/D-15 B/D-7 B/D-8 M/D-16

-
10,000 °
D.W.T 13° .
1,000
D.W.T

‘

Fig. 5.11 Comparison of horizontal mooring angles for the existing
tanker types at J-4 pier
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Table 5.4 Summary of horizontal mooring angles for the existing

tanker types at B/D and M/D

J=il Bow Stern
H
A Ak M/D-1 | M/D-2 | B/D-1 | B/D-2 | M/D-3 | M/D-4
80,000D.W.T 45° 10° 10° 10° 13° 37° ZS I
10,000D.W.T 29° - 29° 29° - 29° 3l A = 3}
A FHAXRNZLD 45 | 15° 10° 10° 15° |30 ~45°
J-2 Bow Stern
H
A Ak M/D-5 | M/D-6 | B/D-3 | B/D-4 | M/D-7 | M/D-8
120,000D.W.T 44° 10° 10° 10° 13° 30° Z I
80,000D.W.T 37° 10° 10° 10° 15° 28° ZI
45,000D.W. T 28° 20° 15° 18° 38° 22° A % 3}
30,000D.W.T 24° 20° 30° 18° 38° 20° A =2
A FHAAZD 45 | 15° 10° 10° 15° 30" ~45°
J-3 Bow Stern
H| 2L
A A M/D-8 | M/D-9 |M/D-10 |M/D-11| B/D-5 | B/D-6 |M/D-12|M/D-13 | M/D-14
320,000D.W.T | 46° | 58° |10° |15° |22° |22° |15° |20° | 36° |stA=7}
200,000D.W.T | 37° | 43° |35° |15° |22° |22° |15° |45° | 36° |sA=3
150,000D.W.T | 37° | 43° |[35° [15° [22° |[22° |15° |45° | 36° |aAx3
80,000D.W.T | - | 27° - |15 270 |27° |15° - | 26° |[3AxFH
PAFHARAZ T 6 (T~ | 157 | 157 | 100 [ 100 |15 | 15 | b
J-4 Bow Stern
H
A Aek M/D-15 B/D-7 B/D-8 M/D-16
10,000D.W.T 13° 20° 25° 13° A = 3
1,000D.W.T 33° 25° 25° 39° A = =
A FHAAZ| 307 ~45° 10° 10° 30° ~45°
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@ L/Armo] W/P F<oll A AL 45
Loading Arm THS ALAIZ S w Spring Lineo] HIX|HAEAS HESIT.
Chek L/Arm whe] HYo] e a3 I && Ao 2 eyt

¢

sl

B/D 7t4
PBL
QRH HSl ® QRH H2|
0= (@:0/0  of ] 0 g tne- (@@
@ a a @&
s 2= L i i A 8
-~ Fore Winch SprinT_Winch W/P (Loading Arm) Center —\—> i Sprin?_\Ninch Aft Winch N
CUMF ] Bl ? i ] CMMP /
Ny ——>i¢— %BD —>I€— %D —>i ’
T SCREIRE . _ 8 . oflmr, e : ® : -
(FORE) < - < i (AFT)
% B/D+ LAEY @ i
@b (0.3L = B+Q) @ (=0.25L)

<E2M Manifold %>

Fig. 5.12 Variation of PBL and B/D interval due to shift of L/Arm at W/P

Loading ArmS W/P9] Foto] X8k 7Z$-o] iz ox SMD (Spring line
Mooring winch Distance)& 0.3L4-83lo] AAFF thst Spring Lineo] I
H2HE Aoz st Aol A= ZF oA FHol ek AAXFHE o]yl

Aoz e
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Table 5.5 Calculation sheet for horizontal mooring angles for the

existing tanker types at B/D and M/D with the shift of L/Arm

{#)Collection

- 112 -

DWT L @ &) & &) @) @
tan @
ton m m m m m m deg.
122 36.6 ¢ 30.25 | 6.35 6
181 54.3 ¢ 30.25 | 24.05 6
184 ¢ 55.2 ¢ 30.25 | 24.95 6
230 69.0 @ 30.25 | 38.75 6
174 ¢ 52.2 37.5 14.7 6
184 { 55.2 37.5 17.7 6
230 69.0 37.5 31.5 6
250 75.0 37.5 37.5 6
230 69.0 47.5 21.5 8.5
250 75.0 47.5 Dyt 8.5
267 80.1 47.5 32.6 8.5
320,000 333 99.9 47.5 52.4 8.5
| 104 © 31.2 27.5 3.7 4.5
115 34.5 27.5 7.0 4.5
122 36.6 27.5 9.1 4.5
181 54.3 27.5 26.8 4.5




D J-1 3%
(7F) F.0. Manifold 7]5=A] (¢oll4] North S % 7.5m H9])

Table 5.6 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 1
(referenced to F.0. Manifold)

- Aft Spring Line (¢olA4] 0.25L An|=)

DWT L @ @ ©) @ (&) @ @b @
tan @ e
(ton) (m) | (m) m  (m (m (m) m)  (m (deg.)
122|305 22.75 7.5 7.75 30.25
\ 181 | 45.3 22.75 @\\ 2.5 %5 _____________________________
Aft 184 46.0 275 7 2825 30,
80,000 230 | 57.5 22.75 ﬁ3475 Eo.z

- Fwd Spring Line (¢4 0.3L AF= 715)

oW L| & © @ & O

(m) (m)

(ton)

(m) (m) (m) (m)

(m)

Collectior

Fwd

122

29.1

22.75

7.5

-1.15

30.25

181

46.8

22.75

7.5

16.55

30.25

184

47.7

22.75

7.5

17.45

30.25

64.5

22.75

7.5

31.25

30.25

& |
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(t}) PRODUCT Manifold 715521 (¢oll A South Z%o.2 4.5m HE])

Table 5.7 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 1

- Aft Spring Line

(referenced to Product Manifold)

(0.25L 71%2)

184

DWVT L | @© ) ©) @ &) & @ @
tan@ T
(ton) (m) | (m) m  m (m (m) m)  (m) (deg.)
1221 30.5 22.75 7.5 4.75 30.25
S 181 | 45.3 22.75 7“ 19.5 ;).25 .
o @ . 4, ..................................................

80,000 230

46.0 22.75 7.5 20.25  30. .
57.5 -22.75 31.75 30.25 .

u

- Fwd Spring Line

(0.3L 71)

DWT L

@ @ & @ ©® @& O @

(ton)  (m)

tan @ e
m @ @ m () (m) (m)  (m) (deg.)

122

32.1 2275 7.5 1.8 30.25

181

49.8 2275 7.5 19.55 30.25

184

90.7 22.7%5 7.5 20.45 30.25

80,000 230

64.5 22.75 7.5 34.25 30.25

Collection
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@ J-2 7%
(7}) C.0./F.0. Manifold 7]=A] (¢ollA] North %S = 1.0m H<)

Table 5.8 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 2
(referenced to C.0./F.0. Manifold)

- Aft Spring Line (0.25L 7]<%)
DWT L | @ @ © @ &) € @

(ton) (m) | (m) m | m () (m) m)  (m) (deg.)

181 | 45.3 36.5 1 8.7  37.5

184 | 46.0 36.5 % 9.5

230 | 57.5 36.5 ‘\

21

26

250 | 62.5 36.5

- Fwd Spring Line (0.3L 7])
DWT L | @& @ @ © (&) €b @

(ton) M | m @ | m  (m (m) m) () (deg.)

181 | 53.3 36.5 1 15.8 37.5

184 | 4.2 36.5 1 16.7 37.5

Bwd | ao000 230 | 68 365 1 305 37.5

120,000 250 | 74 36.5 1 36.5 37.5

- 115 -

Collection



(1}) PRODUCT Manifold 715=A] (¢olA] South ZS 2 13.0m H<])

Table 5.9 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 2
(referenced to Product Manifold)

- Aft Spring Line (0.25L 7]<)

DWT L ) @) ® @ © @ @
tan @ .............................

(ton)  (m) | (m) m | m  (m (m) m)  (m) (deg.)
181 | 45.3 24.5 13 20.75 37.5
184 | 46.0 24.5 1

N \ ...............................................
ATt 80,000 230 | 57.5 24.5 ,%
120,000 250 | 62.5 24.5 0.2132

- Fwd Spring Line (0.3L 7]5&)

Collection

DWT L @b @ ® & W e @
tan @ ...............................
(ton) (m) | (m) (m) m m M M
181 | 41.3 24.5 13 3.8 37.5 6 2.1316
S 184 | 42.2 24.5 13 4.7 37.5 6 1.7234
Fwd 230 | 56 24.5 13 18.5 37.5 6 0.4378
250 62 24.5 13 245 37.5 6 0.3306
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@ J-3 %
(7}) C.0./F.0. Manifold 7]s=A] (¢ollA4] South %S = 1.5m H9)

Table 5.10 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 3
(referenced to C.0./F.0. Manifold)

- Aft Spring Line (0.25L 7]<%)
DWT Lo @ 6 o @ & @ @

(to) | mM W @ @ (o (m) (m)  (m) (deg.)

230 | 575 46 1.5 115 47.5
o BB 205 v 48l 05’ s (B v oo
Aft 074 | 68.5 467 15w 22:5 4TS5 4 .
R W, %
333 | 83.3 46 ‘ 37.3 475

- Fwd Spring Line (0.3L 7])

DT LT @ @ @ &) @ & @
(ton) | m @ m @ W m () (deg.)

230 | 67.5 46 15 20 47.5

250 | 73.5 46 15 26 47.5

Fwd o714 | 80.7 46 1.5 33.2 47.5

320,000 333 | 98.4 46 1.5 50.9 47.5
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(1}) PRODUCT Manifold 715=A] (¢olA] South ZS 2 12.5m H<])

Table 5.11 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 3
(referenced to Product Manifold)

- Aft Spring Line

(0.25L 71%)

DWT L | @ @) ® @ (&) @ @b o @ @
A @
(to) @ | m m | m ( (m) (m)  (m) (deg.)
12.
230 | 57.5 35 5 22.5 47.5
e
250 | 62.5 35 27.5 47.5
N 5 ..............................................
12.
Aft 274 | 68.5 35 @ 33.5 i5
320,000 333 | 83.3 35 r 48.26l 8.5 0.2321 13.07
- Fwd Spring Line (0.3L 7]<&)
DWT L @D @ O (&) (&) @ @b @
tan @ .............................
(ton) M | m ) { (m)  (m (m) (m)  (m) (deg.)
230 | 56.5 3B 12.5 9 47.5
250 | 62.5 3B 12.5 15 47.5
S
Fwd 274 | 49.7 3B 125 22.2 475
333 | 87.4 3B 125 39.9 47.5
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@ J-4 R+
(7}) F.O. Manifold 71=A] (¢ol A North 0.2 12m HE)

Table 5.12 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 4
(referenced to F.0. Manifold)

- Aft Spring Line (Mooring Winch : 0.25L 7]5)
DWT L | ®© @ O @ (&) @ @
(ton) M| mM W @ m (m) m)  (m) (deg.)

%} - -

27

104 | 26.0 15.5 12 10.5 27.5

S 115 | 28.8 15.5 &N 15
Aft 122|305 15.5 15.0

30,000 181 | 45.3 15.5 ‘29.8

B >

- Fwd Spring Line (Mooring Winch : 0.3L 7]<%)

DWT L | & @ 8 @ (&) &) @
(ton) M| m @ ‘m @ W m () tan €
104|192 155 12 8.3 27.5 45 -0.7229
. 115|225 155 12 -5 27.5 45 -1.2000
Fwd 122 | 246 155 12 -2.9 27.5 45  -2.0690
181|423 155 12 14.8 27.5 45 0.4054
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(t}) PRODUCT Manifold 71541 (¢ollA North %22 0.5m H$])

Table 5.13 Calculation sheet for horizontal mooring angles for the existing
tanker types at B/D and M/D with the shift of L/Arm at pier 4
(referenced to Product Manifold)

- Aft Spring Line (Mooring Winch : 0.25L 7]¥)

DWT Ll o © & @ @ @& @ @
tan @ .............................
(ton) | m @ { m (m m  m ()
104 | 26.0 27 0.5 -1.5 27.5 4.5  -4.0000
N 115 | 28.8 27 0.5‘ 1.25 27.5 4.5 4.8000
Aft NN
122 | 30.5 27 \ 3 4.5 2.0000
o s
181 | 45.3 e m 17.75 \2’7. 4.5 0.3380
- Fwd Spring Line (Mooring Winch : 0.3L 7]<)
DWT Ll & @ 6 @& @ @& @ @
tan @ .............................
(ton) M| m M ‘m m m m
104 | 30.7 27 0.5 3.2 27.5 4.5 1.8750
S 115 | 34.0 27 0.5 6.5 27.5 4.5 0.9231
Fwd 12236.1 27 05 86 27.5 45  0.6977
30,000 181 | 53.8 27 0.5 26.3 27.5 4.5 0.2281
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JETTY-3
320,000 DWT
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Fig. 5.13 Mooring Line Elevation 1 for 320,000DWT Tanker at J-3

JETTY-3

320,000 DWT e 99.600
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Fig. 5.14 Mooring Line Elevation 2 for 320,000DWT Tanker at J-3
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JETTY-3
200,000 DWT

NORMAL BALLAST CONDITION DRAFT

V arpH.H.WDL.(+) 3.618
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DL.(-) 20.000
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Fig. 5.15 Mooring Line Elevation for 200,000DWT Tanker at J-3
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Fig. 5.16 Mooring Line Elevation for 150,000DWT Tanker at J-3
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JETTY-2, 3
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Fig. 5.17 Mooring Line Elevation for 120,000DWT Tanker at J-3
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Fig. 5.18 Mooring Line Elevation for 80,000DWT Tanker at J-3
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JETTY-1,2,3
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Fig. 5.19 Mooring Line Elevation for 45,000DWT Tanker at J-1,2,3
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Fig. 5.20 Mooring Line Elevation for 30,000DWT Tanker at J-1,2,3
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JETTY-1

10,000 DWT
|<- 40,000 )
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Fig. 5.21 Mooring Line Elevation for 10,000DWT Tanker at J-1
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Fig. 5.22 Mooring Line Elevation for 10,000DWT Tanker at J-4
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Fig. 5.23 Mooring Line Elevation for 1,000DWT Tanker at J-4
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Table 5.14 Horizontal mooring angles at B/D and M/D

J-1 Bow Stern 0 @
A A M/D-1 | B/D-1 | M/D-2 | M/D-4 | B/D-2 | M/D-3
+11.7° [+40.0° [+11.7° [+11.7° [+40.0° [+11.7° | _ .. -
} A % @
80,000D.W.T 01 =06 101 <01 |06 |-01° SkA| % 3}
+0.3° [ +1.1° [+0.3° [+40.3° [+1.1° [+0.3° i
. . : : : ' bS] 3}
10,000D.¥.T -9.2° |-33.0° | -9.2° |-9.2° [-33.0° |-9.2° K H
A2 A 25° ~30° °]u
J-2 Bow Stern W 3
A A M/D-5 | B/D-3 | M/D-6 | M/D-8 | B/D-4 | M/D-7
+9.9° [+35.0° [+9.9° [+18.1° [+35.0° [+9.9° | _ . _
) . ) } . } LA 3
120,000D.W.T | "o |00 |y e | 360 217,90 | o4 40 A = 2
+11.7° [+40.0° [+11.7° [+11.7° [+40.0° [+11.7° | _ . -
SHA %= 2
80,000D.W.T 01 l-06 l-01 l-01 |-06 |-0.1° kAl % 3}
+9.0° [+32.2° | +9.0° [+15.7° [+32.2° [ +9.0° ‘
. : \ : : : | 3}
45,000D.W.T o4 2o g Calas liger |20 6 | —2 4 S| 3
+3.6° |+14.0° | +3.6° [+10.5° |+14.0° | +3.6° }
. - : (! : ' 3| s}
30,000D.W.T -7.7° |-28.4° | =7.7° |=6.2° [=28.4° |-7.7° K H
AT AAN 25° ~30° ol
J-3 Bow Stern |
H|3L
oo A1) M/D-8 | M/D-9 | B/D-5 [M/D-10{M/D-11| M/D-14 | B/D-6 | M/D-12 |M/D-13
+10.3° H1L.1T [#49.2° [+16.2° [16.2° [+16.2° [+49.2° [+16.2° [+16.2° | Al
320,000D.W.T -3.1° [-3.3° |-18.8 |-11.6° |-11.6° |-11.6° |-18.8° |-11.6° |-11.6° | =3}
+11.9° [+12.8° [+53.3° [+18.5° [+18.5° |+18.5° [53.3° [+18.5° [+18.5° |3HA|
200,000D.W.T -0.2° |-0.2° |-1.1° |-0.3° |-0.3 |-0.3 |-1.I°" |0.3° [-0.3° |z
+10.1° [+10.8° [#48.5° [415.8° [+15.8° [+15.8° [+48.5° [+15.8° [+15.8° |3
150,000D.W.T -1.3° |-1.4° |-8.0° |-=2.0° |=2.00 |-2.00 |-8.0° |-2.0° [=2.0° |%%}
20000011 +14.3° [#15.3° [+40.0° [+11.77 1.7 [+11.77 [+40.0° [+11.7 [+11.7° [3HAl
ST 98 |-8.0° |06 |-0.1° |-0.1° |-0.1° |-0.6° |-0.1" |-0.1" | %%}
AT AAA 25° ~30° o
J-4 Bow Stern W
LS
A Aek M/D-15 B/D-7 M/D-16 B/D-8
+0.5° +2.0° +0.5° +2.0° o
10,000D.W.T . ) ) A 22
-15.9 -48.3 -15.9 -48.3
-10.0° -34.6° -10.0 -34.6° o
1,000D.W.T . ) . A 2 3}
-20.0 -55.1 -20.0 -55.1
A% SAAN7 25" ~30° °lu
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Table 5.15 Comparison of berth length between the plan and by
tanker statistic analysis

A A X A A A BHg A A
TEE | dedd 3 7F
LOA (m) [M/DZFA (m) [1.2L (m)| LOA (m) |1.2L (m)
10,000DWT | 140.0 168.0 122.94 | 1475 |A 3
Jetty 1 340.0
80,000DWT | 260.0 312.0 230.83 | 277.0 |A &
30,000DWT | 187.0 224 .4 179.11 | 214.0 |#& 3
45,000DWT | 223.0 267.6 183.14 | 217.6 |#& 3
Jetty 2 380.48 -
80,000DWT | 260.0 312.0 230.83 | 277.0 |A &
120,000DWT | 297.0 356.4 249.81 | 300.0 A 3
80,000DWT | 260.0 312.0 230.83 | 277.0 |A &
150,000DWT | 320.0 384.0 273.75 | 328.5 |A &
Jetty 3 443.02 -
200,000DWT | 326.0 391.2 277.87 | 333.4 |A &
320,000DWT | 322.0 386.4 333.37 | 400.0 |Z# &
1,000DWT 61.0 (. 64.09 76.9 |A g
Jetty 4 100.0 )
10,000DWT | 140.0 168.0 122.94 | 147.5 |5A%t
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# LOA(m)
B NBPBL
4 NBPBL/LOA

5| ——HEAES (Loa(m)
F S| ——EXZ (naray
] — 4 (n8 P5L/L0A)

LN NN N ANAE)
2 ;
o
5

b e e e ot e L

e s By
SEECESEmsssmsms=mann: |mooo| EESEEE=SE
] £ ol O O

& TS df‘ @“ o @° o

0.00

DWT |

Fig 5.24 Prediction of possible smallest tanker at each pier by
statistic analysis (0.45L)
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Fig 5.25 Prediction of possible smallest tanker at each pier by
statistic analysis (0.47L)
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Fig 5.26 Prediction of possible smallest tanker at each pier by
statistic analysis (0.32L)
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o] Aulte] EAS A AL Table 5.173 #t}. o] FolAE AA7|+
0.25L~0.4L7}, Z3}dE] 0.32L, THAZGE] 0.47L%0 B5-7k4] Aels A vlas}
=
Ty AA7IE (0.25L~0.4L) 9] A& o8 F4kgk A duke] WM 9|= Table
5.17¢] Ael o] 0.25L9] A9+ i@ Adutvto] Fet 7hsdk AEHl = JERR
ow 0.4L9 7 1 J-4
q

J
Hebs Arnvow
3

Table 5.16 Summary of possible smallest tanker at each pier by
statistic analysis (L/Arm at the center of W/P)

] S A9 He A
pip | BUFLAESST | ARNE S ax aovks e om

B = | 1A
T T 30 45% 47% 2% % 2AA | AAX | AX |, A
m) | 0.320) | 0.45) 1 0.470) | (0.25L) | ©0.4) | o) | (asm) | ame | =

J-1 |60.5] 189.1 | 134.4 | 128.7 242 151.3 | 42,000 | 14,000 | 11,000 | 10,000

J-2 75 | 234.4 | 166.7 | 159.6 300 187.5 | 86,000 | 27,000 | 24,000 | 30,000

J-3 9% | 296.9 | 211.1 | 202.1 380 237.5 179,000 | 60,000 | 53,000 | 80,000

J4 5 | 171.9 | 122.2 | 117.0 220 137.5 | 30,000 | 10,000 | 9,000 {10,000

J-SUB | 41 | 128.1 | 91.1 | 87.23 164 102.5 | 11,000 | 4,000 | 3,000 | 1,000

Table 5.17 Summary of possible smallest tanker at each pier
B 73/% PBLHIE 218 LOA(m)<} 3 ADIT A

() | 0.25L (OFD | 0.32L (WD) | 0.4L (DWD) |0.45L (DWD)|0.47L (DVT) [¥I<= DT
J-1 |60.5 | 242 | 95,000 |189.1| 42,000 | 151.3 |23,000|134.4|14,000|128.7|11,000| 10,000

J=2 | 75 | 300 |(193,000) | 234.4 | 86,000 | 187.5 |39,500(166.7(27,000|159.6|23,500| 30,000

J-3 | 95 | 380 [(400,000)|296.9 |179,000| 237.5 |88,000{211.1|60,000|202.1|53,000{ 80,000

J=4 | 5 | 220 | 70,000 |171.9] 30,000 | 137.5|20,000(122.2|10,000|117.0| 8,400 | 10,000

J-SUB| 41 | 164 | 26,500 |128.11 11,000 | 102.5 5,000 | 91.1 {4,000 |87.23| 3,000 | 1,000
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Table 5.18 ~ Table 5.202 %ol FMrledt HAiMute] 548 7447
0.47L, 0.45L, 0.32L= #Esh= AAe EAJXQ1 DWT, %, PBL, &5, 14

= gH3 Aol

Table 5.18 Comparison of possible smallest tanker at each pier by
statistic analysis (Full Loading)

o « [B/D 7+A| EARAA 2 A A8t Draught Freeboard

T (m) ]0.47L| DWT DWT | LOA | EB NBPBL| SF | LS | NB | SF | LS | NB

J-1 60.5 |128.7(11,000(12,866(120.0(20.4|75.0(8.7 2.3 |4.7|3.3 9.7 (7.2

J-2 75 159.6124,000|22,198|162.6|23.7|79.810.1{ 3.1 6.8 | 3.3 |10.9| 6.6

J-3 95 202.1(53,000|52,687(184.0|32.3|123.4/13.3/ 2.9 | 6.7 | 5.6 |15.9]12.2

J-4 55 117.0] 9,000 | 8,964 |115.6/18.8(61.8|7.6 (2.3 4.7 |2.7|8.1|5.8

J-SUB 41 87.23| 3,000 | 3,415 | 84.4|14.0{24.6(5.8|1.9|2.8]1.0(4.9|3.9

*Source : www.Q88.com

Table 5.19 Comparison of possible smallest tanker at each pier by
statistic analysis (Normal Ballast)

w  B/D A FAEAA AA] et Draught Freeboard

T (m) {0.45L| DWT DWT | LOA | EB |NBPBL| SF | LS | NB | SF | LS | NB

J-1 60.5 |134.4|14,000|13,022{128.6/20.4|61.2| 8.7 | 2.5|5.8 2.8 9.0 5.8

J-2 75 166.7|27,00029,098 {175.126.0| 72.9|11.0/ 2.9 3.6 | 3.6 |11.7| 7.9

J-3 95 211.1(60,000|60,959 214.8/32.2|99.5(12.9| 2.3 | 7.1 6.1 |16.7|11.9

J-4 55 122.2110,000| 8,964 [115.6/18.8|61.8 | 7.6 | 2.3 | 4.7 | 2.7 |8.1|5.8

J-SUB 41 91.1 4,000 | 3,415 |84.4|14.0/23.1|5.8|1.9|2.8|1.0|4.9|3.9

*Source - www.Q88.com

Table 5.20 Comparison of possible smallest tanker at each pier by
statistic analysis (Light Ship)

.« B/D 7HA| SAEAA A A 4 8t Draught Freeboard

T (m) |0.32L| DWT DWT |LOA| EB [LSPBL| SF | LS | NB | SF | LS | NB

J-1 60.5 |189.1|42,00042,053(187.831.5|88.8|11.3|2.6 6.9 |5.514.2| 9.9

J-2 75 234.4(86,000|88,878 [243.8/40.0(142.0{13.1| 2.4 | 7.4 | 6.7 |17.4|12.4

J-3 95 296.9 [179,000146,041[277.0{44 .4|139.0|16.6| 2.3 {16.7| 7.6 |21.8| 7.4

J-4 55 171.9|30,000(29,098 [175.1/26.0| 63.8 |11.0| 2.9 | 6.3 | 3.6 [11.7| 7.9

J-SUB 41 128,111,000 12,866 (120.0/20.4|55.3 | 8.7 | 2.3 4.7 3.3 9.7 | 7.2

*Source : www.Q88.com
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Fig 5.27 Prediction of possible smallest tanker for the shift of L/Arm
at W/P by statistic analysis (0.45L)

- 134 -

Collection

=



Table 5.21 Summary of possible smallest tanker at each pier

e L/Arm 9] B 717 F 22 3HA| 2 AN (LOA)| LOAAIAY | H A8k DTS
TR TagEas” UL ® | i [@+0.45] WA [FAA
F.0. N | 7.5 | 60.5 | 75.5 | (140.0) | 167.8 | 28,000
J-1 14,000

Product | S | 4.5 | 60.5 | 69.5 | 10,000 | 154.4 | 24,000
C.O/F.0| N 1 | 75.0 | 77.0 |(187.0) | 171.1 | 30,000
J-2 27,000
Product | N | 13 | 75.0 | 101.0 | 30,000 | 224.4 | 75,000
C.O/F.0| S | 1.5 | 95.0 | 98.0 |(260.0) | 217.8 | 67,000
J-3 60,000
Product | N | 12.5 | 95.0 | 120.0 | 80,000 | 266.7 | 131,000
F.0 N | 12 | 55.0 | 79.0 | (140.0) | 175.6 | 83,000 | .
j_, |Product | N | 0.5 |55.0 | 56.0 | 10,000 | 124.4 | 11,000 ’
F.0 N | 12 | 40.9 | 64.9 | (61.0) | 144.2 | 17,000 | =
Product | N | 0.5 | 40.9 | 41.9 | 1,000 | 93.1 | 4,000 ’

5.2.2 W %ol Ue el P

-
X
k)

(1) AA7IE & Haxuw A1 74 HE
Zb B L/Arm A5 WASHA &3 Tl fIxs A9 At THe
#2149} LOA/PBL HE % (Table 5.16 3x)¢} 7ro] Mule] PRLS

ZFAlel wet 0.45LF A -8st8ls o J-1oA A& & 10,000DWTe] A
Vs, J-2 ® J-39 A5+ 7beott J-4= 10,000DWT7F A= v
t}. 3, J-49 7S Sub B/DE 40.9mZ L3502 wi: 4,000DWT7F H 4
AR el =3 AA Ao L0A/PBLO] ol AHE ozt JuiE A
W,oddke] sEA e B 9ol whet PBLo] WshE Ae ZbstH ol&
Auke]l Aete] ool 7ted ASRE it

7 B L/Arm 91A1E HAAZ A 9-o 3t 7 AE HAdEF LOA/PBL
AEX(Table 5.21 #Fx)e} 2o J—1oﬂﬂ% L/Arme] FOZo] 28,000DWT,
ProductZ-2 24,000DWT7} kA o] | J-20] A += CO/FOZ°] 30,000DWT, Product
=2 75,000DWT, J-3°14% CO/FOZo] 67,000DWT, ProductZ-2 131,000DWT,
J-40 4= FOZo] 33,000DWT, ProductZ-2 11,000DWT7} ¥A= vEbWTH, &

rN

A A

o

T

X [‘_>L
/= )
1o
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A, J—49] 4% Sub B/DE 40.9mE A L&3tAES W= FOSo] 17,000DWT,
Product =< 4,000DWT7} Al = YElY 2 A = 9] Fender
2 Bollard ’\4??]7} g3t Ao},

REol a84S slME I-1, J-2, J-3 ZF FFo Sub B/DE AA 5]
g v eke] dElF etk unk, dAA FEiti=

o
JE
o,
X
4
=
>

Zdute] DiTE 7Hs 9 =
TR dloF FuH wgrrdde] Hadv Viws AAVIsRY AA w9
AW AxFa 9= Avbe] LOAPBL) 7IFo.2 stal HAiiduke A A4
T owpsh o] DIT 7|Fo= 57 g0 wrgsts] dA= J-lof] R3teA &
& HApAwEd I+ | Sub B/DE Wk & FHRIESSIE w@le] BA
el Zlow FPereir}

(2) AFHEEE g A dEe
J-1, J-2, J-3, J-4 %% : Fender & ZL7] Bgto = B/DA 3} W/PALel<] 7H
S 1.5m~2.7m2 3te] QA W/Pol|l Auke] FA= o] 7heixA] Fex WA
é}—t— Aol Aot
J-4 B 10,000DWTF ©]8F 2@ duke] 338t == Sub B/D =S Sub
Fender F7F5 Wr=A] AAESpo]of ghr}, J-4 H-Fo 4 Sub B/DS AE T e
= Hdigh W/PpHo =R Jhrko] AX|Eke] 10,000D8T o]she] duks kdakAl A
Al71%% stofof b, 53] J-45-F= WP Fx=3 Adute] il
Aol AAMA = 0.8m vloll HA gormz MubdobA] Fendere Ho
HE oF 50%E AAetshd E3 0.4me] of fRtel itk whebAl, W/Pel s
H1Ql Loading Arm & TEE° &3S 7HAE wd= Ade 717ke] EHud
AN E 2T & AO 2= B/D Fender 7745 1.5m %09 AR A =
A& w2 et
B/DS} W/PAFelel Sub B/DE A A|stElet% Sub Fender$} Bollard7} &3}
Th. J-4 FFollA] ZbA] Mube] A4 e Muji k%2 B/Dol| HFo]
Hete o d%2 W/pd A5 5 sl §lvk. o] A W/PY 71E9
]

FF5e] HakA Ho] AALYe] $els)

rO

==

Fender 7FA 0. 2+ A4 HE= Aw



W/P2] <t4o] A=}, upepA, W/PAS 7] Fender AFelol Sub Fender ]
A 219} W/PAell Bollarde] F7H7F Ewo] @ How Hr},

g, flok o] gAY A/ FALERYH W/PE HEsta duhs ¢
AskAl AHAZ17] 918 Ao m mARel o AZE o Q1A (1,000DWTo] %

o ALg)el 162 Askel Autel FagEl PorAES Frske] W/pol
2 PAd Aeon $gah

ol o] MAEE sha, WAl o] duL PAA
o
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A] dHlo

h 84 [o B EA

5.3 5 AA9 3

ek

5.3.1 7|1EANA 17} 2 o F
7] AANA B/DS A, 1+A, QRHS] 1F4 2 Fender®] W7
able 5.229} #Zt}. o] T Fender+= W/P¥e 1+4 3 =449
& st A4S IA st J-1 BF 1.55m, J-2 5 2.1m, J-3 HF

B 1.5m AR HANAS dratgon HaA o2 30em~50cm
io}?ﬁ W/PJJr %l LZU&?M A5 H5E kgs #aEglen, o= B/D H4

- —

Table 5.22 Reinforcement of B/D and supporting facilities at each piers

Dolphin No. J-1 B/D-12) | J-2 (B/D-34) | J-3 (B/D-56) | J-4 (B/D-7.)
Dimension(m) 12.0x12.0 12.0x12.0 17.0x17.0 8.0x9.6
Interval between
60.5 75.0 95.0 55.0
B/D(m)
75tonf x 2 75tonf x 2 150tonf x 3 60tonf x 1
Q. R. H
27] 271 271 271
FENDER AA 1,200Hx2 1,700Hx*2 2,250Hx*2 1,150H %2
(REEL TYPE)| 42 2 SET 2 SET 2 SET 2 SET

7] AA A wked s B/DAFe] Reel type Fendert dfd41ule] Z kol ]
5 F7oteE AAEJd oY W/pa Aubzchd el 1A s adste] AL
2 WAS 7F8FE. WP Fender= A#Gd oz J-4 H5 W/P Ao 16m
o] +AC 2 52kNme] 27K 127} AAlE o)l 1,0000WTH olste] 234 7
FE 98] 5 Fender Alololl W% Fender 17] F7}sle] &3k o= Wk
ST

J-4 F-5oll A B/D 7+4 (B/D-7, B/D-8)¢] 55me] 79+ 10,000DWT+ Aluto]

St el

HEA Manifold9} 59 L/Arm 9 x]7} L& 7 9-ofut 74T 74]11‘7}3
o]= & 10,000 ~ 1,000DWT Alo]e] thi-H o] Mube x
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| Al WAX AL sk qk At 22 Sub B/D2 HHEA] F QS

J-4 F5Fo) A Sub B/De] =Y 40.9m 7FA o= dlo] AAEL AN AA
A wE2d ol& AX|g Aol 4,000D8T7HA] AlF7Fs k™, L/Arme] H<]
Aloll+= FOE 17,000DWT, Product+ 4,000DWT7} skAlo]m & 1 o]d}e] A1l
sl A= o] 3] W/P Fender 3§+ Zrollvh Htsl= A#7b Yeppm R o]of
g o] g Qstt.

ol e} W asto] W/Pe] Fenderol AA gH&o] FF3ste] AlFalAl & 450l
= Auk "okl A E B/DY Fenderol X AAZS £48 5 A==
3, o] A9-ol%= W/PS L/Arme 91X]7}F ¥4 Manifoldel IXHv+=
v L/Arme] Lol Auke] A7} EAVE He A7

o
Flexible HoseE 4T 4 Q&= 3to] L/Arm th3] A8 = I%E5 Hoseds

(1) L/Arm Aol o3t HM7bs A Ao A&
A= 72 T B/D HE, HEALY 9 A

al
ol Adpgctell Al Faadel Hgk AlAtA= Table 5.23%F v, Auh3 Qo]

—

X Gy X G, X O X C2 Axkatar AAE A

m

|2 A2 7IEAAAE EAAA A5E vkek 2ok ¢, 30,000DWT
Mube]l 749- dutre] wjggF 4=39,000¢0n, v=0. 15m/s%— 71Zoz s Auby
otol A= oF 5814N. w7} A T}.

AAel Al A 4 FFelA Hobrbes HARWRE AAAAG
0.25L~0.4L9] &gkl 0.4L= gk 79 Mdelg LA A Table 5.173 #o] &
© ol Al AAduEre] Hjte] EUbsel, AAIAE 0.45LS wEdSie Bt E
J—1J+ J-4 FEF(Sub B/D HL)oAE FHelo] Erbssdich, 5.249] Table
5.21014 AHeb7bs FHAAMuEY FA oA L/Ams #AE 4= st=d o
2} J-1 55 28,000DWT/24,000DWT, J-2 -5 30,000DWT/75,000DWT, J-3 -
67,000DWT/ 131,000DWT, J-4 -5 4,000DWT~33,000DWTS &+-A| = 3ht}.

o]-o
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Table 5.23 The present construction specification of piers

| AT B/DUA AR F 4| AEAn [HaRe s LoAm) | o
T OWD | m | N | OWD) | 6N [T A | A
10,000 _
J-1 ~80.000 60.5 1,070 10,000 234.1 140 | 122 | 63 56
30,000
J-2 ~120.000 75 2,900 30,000 581.0 187 | 181 | 84 81
J-3 80,000 95 6,420 80,000 1,575 260 | 232 | 117 | 104
~320,000 ’ ’ ’
1000 | 55 510 10,000 | 234.1 |140|122| 63 | 55
=4 10,000
’ (w/p)16 52 1,000 10 61 | 64 | 27 29

Olt
2

L/Arme] 91215 AL etels Wel Wsks Al dAdF2 WP
oF BT e Aol wet Aol e A wE HE AiE o7l A
glgtet. olu HL e A= WP (B/DAFoD O] T4 del A s L/Arm(E)7HA
o] Agl= Table 5.249} #o] A&s3ith. o7[A @A L/Arme] €Al N
< North# &, S SouthB&F& HERHH @ dRte] FAolAM v HAAd
X 274419 A (Fender7k 1A sloF sk 72]), @ A¥e] F4& L/Armel
St 5 AdHke] Tl A B/DREe] AR (BDEA/2 + HS), @ Diff.("+" gk

| dube] pBLo] B/D (HARG AP R QFAE FH<rolar '-' gholw duke]
PBLo] B/D ARG 2o} dute] dmds M7 @4 ormz Qb E Aol

A

2
w2}k 0. Im~ 8m@£7} FHadure] Fohol %41 Aoz ey J-
= Actel 4.5m9 o7k vk, L/Armé] ALl W& HHAd Hrh=
Z PBLo] B/DZFARTE 1.0m~13.1n AEZ ZA5 o], A FFolM A

o FHaMuto] kAE FHkS T (v AO=E YEhdn. AA|dutel A A
ol FAFeH DT Aejell 4= PBLo vha xfol7}F glom = Hbrbs FHAAMu
S J|Fow 7t REe] FAS Asla, ol Z¥ste vt A$E J-3 =
J-2 = J-1 = J-4 559 F5o2 o|eAA kst #5789 43 #
A HS Aol Aol Z2astt). L/Arme] HEZE Spring Line % Breast Line9]
FHAAZe] Aol Ewo] ).



Table 5.24 Analysis of B/D intervals for the shift of L/Arm at each

piers
L/Arm BD| 8% |LOAMm) PBLM0AL ¢ | @ [@Diff =D-@
B o= ZvA | qur
T gllen | R |
T AN (m) |(own AR A| A7 | 24 PBL2¢-B/D] e | 2o
F.O |[N|7.5 37.8 | 9.8 | -2.3
J-1 60.5/10,000(140(122| 56.0 | 48.8 | 28.0
Product| S | 4.5 34.8 | -6.8 | —2.3
C.O/F.ON| 1 , 38.5 | -1.1 | =0.1
J-2 75 (30,000(187|181|74.8 |72.4 | 37.4
Product| S| 13 50.5 |-13.1] =0.1
C.O/F.ON|1.5 49.0 3.0 | 4.5
J-3 95 (80,000(260(232|104.0| 92.8 | 52.0
Product| S [12.5 60.0 | =8.0 | 4.5
F.O |[N| 12 39.5 |-11.5| -8.0
J-4 55 110,000(140(122| 56.0 | 48.8 | 28.0
Product| N | 0.5 28.0 0.0 | 0.5
F.O |[N|12 20.0 | =7.8 | -4.3
(W.P-4) 16 | 1,000 | 61 |64 | 24.4|25.6| 12.2
Product| N | 0.5 8.5 3.7 | 0.7
(2) ¥ RGe] aof
@ W/PS L/Arm $1A] o]
7 RRol A W/Pel L/Ame] o]FO = Spring Linesl S AF7he] wWate

[ele]

ARde el AR F Beg nesal,

Table 5.25 Summary of pier modification (shift of L/Arm)

75 W/Pe] L/Arm ol& W& % 7

J-1 F.O N 7.5m Product S 4.5m
J-2 C.0/F.O N 1.0m Product S 13.0m
J-3 C.0/F.O N 1.5m Product N 12.5m
J-4 F.O N 12.0m Product N 0.5m

@ J-4 H5F B/D &

w2 Fender 32! A X Plan
J-45-ol A etst= 5

ol
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Aukeh &3 2EAS 10,000DWT, 1,000DWTel] Bt=o] A A&k vt 2
Al AR 2+ 23 10,0000T o] sk ABF 5 4,000DWT7HA1= Sub B/Dell 3
JFAF7E o] FoAA AR, 1 o]&te] duto] FFAle] ZHzto B/D Aefol A=
o] o]FolxA| o g W/PA Fendergs F71E do7l vk, =, J4 FFs
FUEL OIL/MOGAS /GASOIL/MIBE 5 t=9] #%5S d&E3stgl w}a} 57119 L/Arm
o] AAxo] glomz L/Arme] 1o wel MubhAl= Sub B/De A A%
B9l %= 4,000D0Tw o]ste] Mutel A g+ B/DeRt HEE = 7] w0l

=

E

\:l

Table 5.26 Summary of J-4 pier modification

Ak 7] &7 B/D, W/P% Fender E3E

10,000DWT | BREASTING DOLPHIN (B/D-7, B/D-8) 274 55M

1,000DWT | WORKING PLATFORM(WP-4) 272 16M

W/P 2$-ol Sub B/D(HFEH) ZF 17| 718kl W/P S%oll Sub Fender
(_Hfﬁm ALYY) Vs FHF 3&, 8m 7+A)e ok k. obad
& L/Armel] whe}A = B/D el HEHA &S 97 Jor= L/AmS
183 /=3t ¢l Flexible Hoses 01%1 /=3

o

ATt

@ J-1, J-2, J-3 B5F Hek w7

A4Fe A A5 wpep o] J-1, J-2, J-3 FFolA ALE HiAHurel 7
T FQte] ErbstE R HEiE HAHus 2A4eta J-39] HAMERE, J-2
F5 ) J28 o] HAMEe J-18F, J-1Fe Hasdre J4RFE olF
st 5o el wrde dav) gt
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Table 5.27 Status of J-1, J-2, and J-3 pier mooring

= FH A APl | < A gk ] o
| owp | aean |1 DS Gl ] -
J-1 10,000 A orE7} 28,000 / 24,000
P A
J-2| 30,000 A&7}t 30,000 / 75,000 B/D(Ht=3)3t
Aelzt Wol Hut
J-3 80,000 A&7} 67,000 / 131,000

5.3.3 W/P #Z3=%4 2 Sub B/D AX|¢te] AE

(1) W/pel 74 =74
w Fig. 5.28& 7} F-7olA He7badh Hndvte] gHAS 248k
sted 71 @A dAlE Wee griE A4S AR A
AL et g1l 71E B/DI} W/P Abelel Sub B
o H%tE TheES sh Wehs HER Jlow A &

ET & YRS Ayl

Fig. 5.299} Fig. 5.3091A1¢} o] Sub B/D2] 7H4 HAE T4 WErE
Z7lol| A 7} FEellA] AAGAl o] HAMRR T A5 4714 F ko] Thed A
o8 UERT. vy, ol= W/PY kA8 A8e SHstHA Hastels FEe A
Estolof st HQAloll= HolE XASE Fo Ao R W/P HAHGE A

Ed 5 9e ot
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DWT

s (@4 Axdw DWI 24F /A 9
BIL/A ZHL/A T (®+0.453 ADWT

J-1110,000 | 60.5 . @“Q 38 \ 14,000 | 24,000 | 85.6 | 3,000

b |Haxe &3y
T (DWT) B/D7+4

J-2 130,000 | 75.0 |45. 47.0 | 27,000 | 30,000 | 104.4 | 6,000

1-3/ 80,000 | 95.0 |45.0] 35.0 | 565 | 60,000 | 67,000 | 125.6 | 11,000
10,000

J-4 55.0 10,000 | 17,000 | 90.9 | 4,000
(1,000)

Fig. 5.28 Adjusted B/D intervals and possible mooring tankers at each piers
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Fig. 5.29 Arrangement of Sub B/D with the adjustment of W/P (J-1,J-2)

- 145 -



Sub Dolphin
45,000 =7

FENDER

i
5
3,00

L7000

30,000

=
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A

TS50 S50 16,500
45,500
\ ‘ 36,000 :

55,000

40,900

17,500 17,500

X
5,900 4,250/N

20,000

BD_7 3,50 3,600
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