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Abstract : Local management trade ports are small-sized trade ports, which require active operation to strengthen the local cities’ economic power and
enhance the local industries’ added value. In addition, local management trade ports should berth ships larger than the existing ships to increase
efficiency and keep up with the international trend where ships are becoming larger. Furthermore, they should also prepare operating standards. This
study selected Okgye Port among local management trade ports. We performed a mooring safety simulation evaluation according to the scenario where
a 50,000 DWT vessel is moored at the current 20,000 DWT class pier. The emergency departure criteria were 27kts at 3.2s of wave period and 22kts
at 5.0s of wave period at the existing pier. Results showed that mooring limit condition increased by about 50% to 41kts at 3.2s of wave period and 36kts
at 5.0s of wave period. This study can be used for strengthening mooring facilities and setting operational standards for safe port operation when large

ships are berthing.
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Fig 1. Port overall plan in Okgye port
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Table 1. Number of ships entering Okgye port by pier

Pier Pier 1 Pier 2 Pier 3

Year Berth 1 Berth 2
2016 54 542 93 218
2017 36 577 103 249
2018 60 520 66 239
2019 111 521 38 189
2020 399 546 37 140

Source: PORT-Mis by Ministry of Oceans and Fisheries, 2022

Table 2. Cumulative tonnage of ships entering Okgye port by pier

i Pier 1
Year o Berth 1 Berth 2 Pier 2 Pier 3
2016 436,876 2,197,562 495,037 361,037
2017 508,556 2,613,945 791,039 416,577
2018 423,128 2,505,124 644,029 419,047
2019 454238 2,545,327 717,343 363,683
2020 214,755 2,538,188 577,965 256,266

Source: PORT-Mis by Ministry of Oceans and Fisheries, 2022
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Table 3. Number of ships entering Pier 2 by ship size (G/T)

Year

Ship size 2016 2017 2018 2019 2020
3K~5K 52 38 23
SK~7K 15 24 11 4
TK~15K - - - - -
15K~20K - - 1 - -
20K~25K - - 3 1 1
25K~30K - 7 8 15 8
30K~50K 4 8 5 7 10

Source: PORT-Mis by Ministry of Oceans and Fisheries, 2022
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Table 4. Dimension of pier by ship size (DWT)

DWT Length of pier Depth
20,000 210 11.0
30,000 240 12.0
40,000 260 13.0
55,000 280 14.0
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Table 5. Specifications of target ship

Category DWT 50K Bulk Carrier
LOA(m) 197.0
LBP(m) 194.0
Breadth(m) 32.26
Depth(m) 18.10
fore 6.7
fi
draft(m) aft 7.0
Projected Transverse 786
Windage
Areas(m?) Lateral 3,567

F8E - ol fA]

Y eHE(MBL)S 80E0]H SHAARE 3 (S.W.L)S Table 7
w2} shekE o] 50 %21 40 0.2 A4 53 THOCIMEF, 2008).

Table 6. Specifications of mooring condition

Category Target pier
Length of Pier(m) 249
Depth of Pier(m) 11.3
Type / Dia.(mm) Nylon Rope / 75
Line M.B.L(ton) 80
S.W.L(ton) 40
Interval(m) 19.5~22.0
Bollard =) X Load(ton) 50
Type OV Type 800Hx1,500L
Fender Interval(m) 8.5~11
Max. Load(ton) 46

Table 7. Safety working load of mooring rope
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Wire Highest load 1.82 0.55
. Iculated for
Polyamide % 222 0.45
_~ovdamice | adopted standard
Other environmental
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Synthetic criteria
Q7o AT, AL FAE AMdS A 9
A =W 24 0 APRAE ST gREe AN
T F 1270, 34 19.5~22.0molH, 3§ AAH L 50EF
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Table 8. Installation criteria of bollard
Bollard
GT of target  Min. number of ~ Max. interval Max.
ship (ton) installation per between Load
berth (unit) bollards (m) (ton)
2K~3K 35
— 5 15 _—
3K~5K 35
S5K~10K 50
11 20 N
10K~20K 70
20K~50K 16 20 100
50K~100K 20 20 100
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Fig. 2. Mooring arrangement of target ship. HEAE o] H:]'(Klm et al., 2016).
Table 9. Mooring arrangement Table 10. Definition of port safety operation standards
Category Arrangement Mooring System Moqred
F Head L1, L2, L3, L4 Category Ship
) ore Spring L5, L6 Line Bollard Fender Ship
Line Spring L7. L8 Tension Force Thrust Motion
Aﬁ 2 f f
Stern L9, L10, L1, L12 ﬁizzilfor The maximum condition that each evaluation
v Head Bl oading factor satisfies
ore ; limit
Bollard Spring B3 Criteria fi
Spring B10 fiteria for The maximum condition that
Aft emergency . . excluded
Stern B12 each evaluation factor satisfies
departure
Fender Fore F1~F12
ende Aft F13-F23

[¢} [¢} 1w [e] [¢} 5‘?
o vokatn FEA AP g W di, F2A HFsv, o)
B Aol 2R T AL W A7 s Pl F

J©] TH(Ocean space, 2020).

Fes HAFFEF 000

EL
%, 03 knots® A4 ate] A4Skt

g2 7S T AP st ATa] 0.5 mE ¢
yetelar, e SAY WAAE St Tt YAME
= el 0105S V|Fo 2 A B (Ministry of Oceans

and Fisheries, 2017b). 32| F7]= i F-Fo T3 YA}
3 F72 =49 32%% 50%2 AAEUG. 3
7 A elolv, 458 20E, 25:E 9 A EH oA
7Y Aa7F Ao EdelE F45S EEste] HUkskoith

3.4 AlE280[d B4

AAses AA B AFEAR 8 s AE Al vk,
g 9 2F 59 9go] 28sl= A H}
glold H7b= AlFatel 2Hg-eh= HudE, AldSel 48
ot e, wE Aol et 2 E
4 H7ra st 94'1“011 °lfﬂ AAE gl o8 A
o] 7o) 7= 3
3 Btz A7) ?Ll"f:J_E‘r Ankd oz A
fre el Adue] AFIAE =E8HA EH(Cho, 2017).
g, 2 AlgEeld x4 Table 103 o] 3193

4. 3ot 2t 24
4.1 ARA Ho4E

o] ] F=H3ke EAI S (Cho, 2017)

F&EE, 25:E9} 957 323, 5.0% 24T 337

32%0 A AT ER] 27 E 22, 357 soiow a}

AGAFEY 2E A AFA A E S Fig 33

2. BE 204 AFA AN S (S.W.L) 408 o|u

A Aoz BAERL. TYU T4 2552E 27 A J}T7l°ﬂ

w2 AFAE HodE e 4%71 32%A] v 129 1228

Bt 5527] 5024 A5 6H 150202 Frhy gm

20 T

—e—25kts_3.2s
—a—27kts_3.2s

. - a--20kts_5.0s

= - 4--22kts 5.0s

£ - 4~ -25kts 5.0s

515

&

2

£

()]

£ 10 |

8

=

5

1 2 3 4 5 6 7 8 9 10 11 12
Mooring Line No.

Fig. 3. Evaluation of mooring line tension by environmental forces.
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Fig. 4. Evaluation of max. bollard force by environmental forces.
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Fig. 5. Evaluation of fender thrust by environmental forces.
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Table 11. Motion for 6-DOF by environmental forces

Loading Surge Sway Heave Yaw Pitch Roll

LN Deviee (m)_(m__m () ()0
Bul.k Crane 2.0 1.0 1.0 2 2 2
Carrier
20kts, Motion 0.14 0.10 0.0 00 00 0.1
3.2s Safety @) @) @) @) @) @)
25kts, Motion 0.19 0.60 0.0 00 00 0.1
3.2s Safety @) @) @) @) @) @)
27kts, Motion 021  0.81 0.0 00 00 02
3.2s Safety @) @) @) @) @) @)
20kts, Motion  0.17  0.23 0.1 0.1 02 05
5.0s Safety @) @) @) @) @) @)
22kts, Motion  0.19  0.33 0.1 0.1 02 05
5.0s Safety @) @) @) @) @) @)
25kts, Motion 022  0.65 0.1 0.1 02 05
5.0s Safety ) ) ) ) O O

<Remark> O: Moderate Risk, A: High Risk, x: Very High Risk
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Table 12. Result of port safety operation standards
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Fig. 7. Evaluation of mooring line tension by using new bollards.
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Fig. 6. Mooring arrangement when bollards are installed.
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Table 13. Motion for 6-DOF by using new bollards

Loading Surge Sway Heawe Yaw Pitch Roll
Y Deviee ) m) @ O OO
C]Zil;r Crane 2.0 1.0 1.0 2 2 2
27kts, Motion 025 065 00 00 00 0.1
3.2s Safety 0 0 0 0 O O
30kts, Motion 029 094 00 00 00 02
3.2s Safety 0 A o} o} O O
4lkts, Motion 050 207 00 00 00 04
3.2s Safety 0 X 0 0 O O
27kts, Motion 028 072 01 01 02 05
5.0s Safety 0 0 0 0 O O
29kts, Motion 031 091 01 01 02 05
5.0s Safety (@) A (@) O O (@)
36kts, Motion 042 1.63 01 01 02 05
5.0s Safety 0 X 0 0 O O

<Remark> O: Moderate Risk, A: High Risk, x: Very High Risk

Table 14. Result of port safety operation standards by using new

bollards
. Moored
Mooring System Ship
Category Line  Bollard Fender  Sway
Tension  Force Thrust ~ Motion
(ton) (ton) (ton) (m)
Limit 40 100 46 1.0
Criteria for 30kts, 3.2s  14.2 55.9 21 0.94
unloading
limit 29kts, 5.0s 187 72.2 32 0.91
Criteria for 41kts, 3.2s  25.1 98.0 21 -
emergency
departure  36kts, 5.0s  25.5 98.9 33 -
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