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A Study on Waiting Anchorage in Masan VTS Control
area using Anchorage Capacity Index

Kwon, Seung Cheol

Department of Coast Guards Studies

Graduate School of Korea Maritime and Ocean University

Abstract

The Ports in Masan VTS control area is located in the inner port of
Jinhae Bay, since its opening in 1899, Masan Port has been continuously
investing to handle more than 10 million tons of cargo per year, and plays
a role as a hub of the Pacific Rim and Southeast Asia. In addition to
Masan Port, there are ports of Jinhae, Kohyeon, and stable port, and many
industrial parks are located in the back, which is advantageous for creating

and attracting trade volume.

In order to enter these ports, they share a single route (Gaduk waterway)
and have a traffic characteristic that is distributed to various ports through
various junctions. During the passage, Busan New Port VTS and Masan VTS

control areas are mixed. The subject of safety management of vessels using

- Vil -
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berths and anchorages is unclear. In addition, since there is no anchorage
point for waiting at the ports in each port, most of the waiting vessels are

waiting at a provisional anchorage near the Okpo.

Ports in each port are designated as anchorage, but Masan and Jinhae
Ports are mainly used for working boats and tow-flotation vessels. Gohyeon
Port is only used as a waiting place for shipbuilding vessels, It is difficult

to use anchorage, and Anjung Ports anchorage is not even designated.

Because the ship for entering the port of arrival uses the drifting near
the waterway or provisional anchorage near the Okpo due to the absence
of Waiting anchorage, there is a possibility of marine accidents in the
waiting time of entry, and the subject of the safety management of the

anchorage is unclear, There is a controversy in the event of an accident.

In this study, how is the appropriate anchorage capacity to be established
when considering the safety of anchoring in the current harbor situation? ,
The concept of Anchorage capacity index(ACI) is defined by analyzing the
gross tonnage of vessels entering the ports of eight major ports and ports
in Korea and analyzing the current status of designated anchorage and the

Anchorage capacity was calculated for the subject ports.

As a result, it was analyzed that the Anchorage Capacity Index was 0.85
in the case of the subject ports, which is about 7 times that of 6.22, which
is the average of the eight ports in Korea. The average Anchorage
capacity index of the six major ports except for Busan and Pohang, which
is characterized by the characteristics of the port, is 5.55, which is the
level of the six major ports. The Anchorage capacity index was increased
from 0.85 to 5.86 after the designation, and it was estimated that it is the

appropriate Anchorage Capacity at present.

- viii -
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The analysis of the capacity of anchorage through this study is
meaningful in that it tried to analyze the capacity of anchorage by
quantifying the comparison between the gross tonnage of vessels using
actual harbor and the currently designated anchorage capacity. In addition,
it is worth to use the model to make it possible to review the capacity of
the anchorage by presenting the proper anchorage capacity of the harbor

which does not meet current situation.

However, this study has limitations in that it does not fully reflect the
various related factors of the port and the ship. It does not reflect the
myriad elements individually, changes in port trade volume due to
international economic conditions, increase and decrease of berths due to
port operation improvement, and changes in berth time due to the

development of cargo handling facilities.

In order to establish reasonable design standards for future Anchorage, I
will verify the feasibility of applying them not only to domestic ports but
also to representative ports outside the country. In addition to setting the
scale of use of the vessels, various parameters are additionally set and
applied, And to study the design criteria of the Anchorage that can reflect

the Ports environment.
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Fig. 1 Port status of Masan VTS control area
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Table 1 Turning radius with the depth and length(Korea)

Purpose of using
anchorage

Method of
anchoring

Seabed or Wind Radius of
velocity anchorage(m)

Waiting or Cargo
Operation

Single anchor

Good anchoring
resistance seabed

Bad anchoring
resistance seabed

L+6D

L+6D+ 30

Pair anchor

Good anchoring
resistance seabed

Bad anchoring
resistance seabed

L+4.5D

L+4.5D+25
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b rU[o >

ofd ol

0

Al

>,
%0

Slal

Table 2 Additional notice margin with wind velocity(PIANC)

Seabed Wind velocity(m/s) Additional distance(m)

wind velocity < 10 0

Good anchoring wind velocity of 20 60
resistance seabed wind velocity of 30 120
wind velocity = 30 180

wind velocity < 10 30

Bad anchoring wind velocity of 20 90
resistance seabed wind velocity of 30 150
wind velocity = 30 210

2222 d¥] A AANE

OCDI(The Overseas Coastal Area Development Institute of Japan, =rA] 3
TAE, 200904 st A= AR HAV|ES 4w E9, Table 33 2o
AT GBI AEdAe 2 21 vt AR AAV|Ed st
g rEte] Ao A Aol Fad B A WAL B4 6uel A
"ol dolE Y3 “Paoluﬂ, A A do] EFet o= of7]e] 30me <t

o

S A AV ETE T2A obdE A Al ud 7ol PIANC
o MRAAR Fhol weh FHHY AfANE AAEE JEsa Aok F
%ol 20misY Wi AU dolo] FAlY fule] P HaY ol

I F7EE 9me] olf AE 2EE s, FHo| 0misY Wt A ol
s} mae] Polol F/kE 145me| ol f WAHS AFES S gl
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Table 3 Turning radius with the depth and wind(Japan)

Purpose of using Method of Seabed or Wind Radius of
anchorage anchoring velocity anchorage(m)

Good anchoring

resistance seabed | £ 6P
Single anchor
Bad anchoring
Waiting or Cargo resistance seabed | £ 6230
Operation Good anchoring | ., .
resistance seabed :
Pair anchor
Bad anchoring L+ 45D+ 95

resistance seabed

wind velocity 20m/s | L+ 6D+ 90

Bad weather -
wind velocity 30m/s | Z+6D+ 145

A71A, L:di7dadere]def(m)

D: 54 (m)

2223 HZe] A AAYE

ool AHlz] AAV|FEH #AHAH AL v AA 571 =(UFC, United
Facilities Criteria, 2010)ol4] 71&38lx 9o, FAFET 2 ekatyle] A A
O AA 2 AF Soll #5 7[FE A Q3 gvtd o R vla FHd, v

]

e A7Ied, VT EETled SOl § 7

A
o
N
P
fu
N
P
i
X0
o
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d i & B e FLE
L R R R

GROUND TACKLE INCLUDES ANCHOR
AND CHAIN CARRIED ABCARD VESSEL

Fig. 4 Anchorage layout design criteria(UFC, USA)
(Z*]: Unified Facilities Criteria(UFC), 2010)

ool Rrbdoz fale] 213m st FRE & Aolx FAl9 eulo] 3
ot BAS ABL, TP AGol REHD gt Hue] FRF Ao o

o ALY FHE et 27.4me| AFE FHs}

n A A E5E7)E3 o228 US Army Corps of Engineers(2006)2] Aul=] A
AZ|EE Au A, Mdufo] Aukslr] sk FutA] fE2E Adute] AFEH, A
k] o] g Aubo] el Aule] H7) "l Mule] #Agsl= 9 H(External or
Environment Force)ol we} ZAR S 7=t Utk Aubd o] A4 A

3 Zole] 3wl AA I Qom, ﬂioﬂ 145 9E AL B FA

FHER Ante] Hoh Adp dolE 39k el 3E @ we EdiE A
o A3 AAH H3 795 AUMARE AASIEE Fig. 59 &Zo] AAsta
I 3nlL |

R - - "
!I " “h\ ” "’-..._\ ” 1‘\\ “.
r'r.r{/ \\ .", \\ .'!’ \\ I'|
i \ ] v 1
HoHB AL :-lﬁII-—Ol s ;.:u—o :-:ﬁb—o "
R N iy M
; \\"- z/, \\\. /'/ \\-.. I/)‘ ‘Il
I -~ - -~ 1
FAIRWAY s
L HZZ0|(m)
noEH G EHae

Fig. 5 Anchorage layout design criteria(USACE, USA)
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Table 4 Turning radius with the depth and length(USA)

(Unit : m)

LOA
Depth

31 | 61 | 91 | 122|152 | 183 | 213 | 244 | 274 | 305 | 335 | 366

3.1 151 | 215 | 274 | 334 | - - - - - - - -

6.1 187 | 247 | 311 | 370 | 430 | 494 | - - - - - -

9.1 224 | 283 | 347 | 407 | 466 | 530 | 590 | 649 | 713 - - -

12.2 261 | 320 | 384 | 443 | 503 | 567 | 596 | 686 | 750 | 809 | 869 | 933

15.2 297 | 357 | 416 | 480 | 540 | 599 | 663 | 722 | 809 | 846 | 905 | 965

18.3 334 | 389 | 453 | 517 | 576 | 636 | 700 | 759 | 818 | 882 | 933 | 1,001

21.3 397 | 402 | 489 | 553 | 613 | 678 | 736 | 796 | 855 | 919 | 978 | 1,038

24.4 375 | 421 | 521 | 585 | 649 | 704 | 764 | 823 | 892 | 951 | 992 | 1,079

274 389 | 434 | 540 | 613 | 668 | 722 | 777 | 837 | 905 | 965 | 1,006 | 1,093

30.5 407 | 448 | 553 | 626 | 686 | 736 | 796 | 850 | 919 | 978 | 1,033 | 1,106

33.5 421 | 462 | 567 | 640 | 700 | 750 | 809 | 864 | 933 | 992 | 1,047 | 1,120

36.6 434 | 471 | 581 | 654 | 713 | 764 | 823 | 878 | 946 | 1,001 | 1,061 | 1,134

39.6 448 | 485 | 994 | 672 | 727 | 777 | 832 | 887 | 956 | 1,015 | 1,074 | 1,148

42.7 462 | 498 | 608 | 681 | 741 | 791 | 846 | 901 | 969 | 1,029 | 1,084 | 1,157

45.7 471 | 507 | 622 | 695 | 754 | 800 | 860 | 914 | 983 | 1,038 | 1,097 | 1,170

48.8 485 | 521 | 636 | 709 | 764 | 814 | 869 | 924 | 992 | 1,055 | 1,106 | 1,180

51.8 494 | 531 | 649 | 722 | 777 | 823 | 882 | 937 | 1,006 | 1,061 | 1,116 | 1,193

54.9 507 | 542 | 658 | 732 | 791 | 837 | 892 | 946 | 1,015 | 1,070 | 1,129 | 1,202

57.9 517 | 549 | 672 | 745 | 800 | 846 | 901 | 956 | 1,024 | 1,079 | 1,138 | 1,212

61 531 | 562 | 681 | 759 | 814 | 860 | 914 | 965 | 1,038 | 1,093 | 1,148 | 1,221

_14_
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2.2.24 9= HupR AA7|E

= ZHF7AA
Handbook : Recommendations and Guidelines(Thoresen, 2007)°]t}.
A Aurz] 2o WA Ue AA Q= Aulo
s}k Mooring system®] &7 S°] Akl 7]&Estal lom,

@ Aulolu GAFENE WG F BB WS F Yo

o & Al o] ?:}60]']:]17]

gut AA A

A

Argste

A-A =

xq/\ ==

oF b1,

Port Designer’ s
o] A F] A
TR, 271 % o4 7}

CE P R

of A7g = ofof gttal Table

B4 oot A AL

Table 5 Turning radius with the depth and wind(UK)

Purpose of using Seabed or Wind ,
: Radius of anchorage(m)
anchorage velocity(m/s)
Good anchoring resistance
Waiting or Cargo seabed Lt 6D
Operation Bad anché)ér%ge C{esmtance L4 6D+ 30
wind velocity of 20 L+3D+90
At anchor
wind velocity of 30 L+4D+ 145

2225 IS AHA dAV|E A& 23
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A e BHAN RE FEN F&HS AUAS ARl U 7
9% AF F S B 2eu federe] 3u g olF HANE - 3
MEA G, 20100 AE A o), $4, AW e wejs) FukA M
AE WHFI Yol TR HED FU AD - LF BHAA SHS w5
Ro) e BRI RASA Ras Qo= Y

Fuje) AUk M77) %S B - RS Table 69 2tk

Table 6 Comparative analysis of Anchorage design criteria(Single Anchor)

Design . .
o Factor of Design Anchorage(Single anchor) Remark
criteria
Korea Radius of anchorage(m) = L+6D (Good Seabed)
L+ 6D+ 30 (Bad Seabed)
Radius of anchorage(m) = L, + 5h+ 30m
Add safe distance regarding wind and seabed
R )
Wind Good Seabed | Bad Seabed egarding
PIANC under 10m/s 0 30 wind
20m/s 60 90 velocity
30m/s 120 150
over 30m/s 180 210
Radius of anchorage(m) = L+ 6D (Good Seabed) ,
Regarding
L+6D+30 (Bad Seabed) .
Japan ) wind
L+6D+90 (Wind 20m/s) .
] velocity
L+6D+ 145 (Wind 30m/s)
UFC : Radius of anchorage by length of ship and
US.A. depth -
USACE : Diameter of anchorage(m) = 3L
WalFlng or Cargo Operation Regarding
Radius of anchorage(m) = L+6D (Good Seabed) Purpose
L+6D+30 (Bad Seabed) of
UK. At anchor :
. anchoring
Radius of anchorage(m) = ,
. and wind
L+6D+90 (Wind 20m/s) locit
L+6D+145 (Wind 30mjs) | "0 0"

_16_
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Table 7 Condition for comparison of the anchorage design criteria

Specific of Vessel Nature of anchorage
- AL = 3(5,000 G/T) - Depth : 30m
- Length of ship : 103.5m - Wind velocity : 20m/s, 30m/s
- Draught of ship : 5.65m - Seabed : mud

g ES FE=9 50008 AF5AQ FHtESoiy, dntHo s Mul &
7b kAZ S fs) dEste A $Ad 5 A mudR ), s
2 44

3I0m=z AA3G, Auk kA LA u 20m/s<} 30m/s

J
=
rlo
ol
I

Table 8 Radius of anchorage according to the design criteria

Nature factor . .
. I Good Seabed Wind 20m/s Wind 30m/s
Design criteria
Korea 283.5 283.5 283.5
PIANC 283.5 343.5 403.5
Japan 283.5 373.5 428.5
UFC 582.5 582.5 582.5
US.A.
USACE 310.5 310.5 310.5
U.K. 283.5 373.5 428.5
- 17 -
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guAel Age APeargnel due 4Y % 2F 5o B WE A
52 13l o8] A4 - 1A A
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501 IEH A, 2014). 712
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Fig. 7 Assignment method of anchorage
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Fig. 8 Anchorage designated as simple group anchorage
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Fig. 9 Anchorage designated as simple group and circle anchorage
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Fig. 10 Anchorage designated as simple group and point anchorage
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Fig. 11 Anchorage designated as circle or point anchorage
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Fig. 12 Status and position of major port

_24_

Collection @ kmou



231 34 38 % A% 9 FuA (A Y AL

2311 A8F BF 2L FIA =4

=7k4E] 8 I T AW FNAALL Figo 133 2ol wjxFHof Ao
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Fig. 13 Layout of Incheon Port
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Table 10 Status of anchorage capacity, depth and bottom type(Incheon)

- ‘ ™ 2} (km?) . %
. w3 FAm | A4 = A A A EF
173 (m) (GIT)

1 W-1 12.6 sand 400m 43 50,000
2 W-2 9.3 sand 400m 43 50,000
3 W-3 9.0 sand 400m 43 50,000
4 W-4 9.0 sand 300m 43 30,000
5 | W-5(FA19]34d) 7.9 sand 300m 43 -
6 W-9(1]7¢th 71) 10.5 sand 300m 43 30,000
7 W-10 11.5 mud 300m 43 30,000
8 W-11 11.5 mud 300m 43 20,000
9 W-12 12.0 mud 300m 43 15,000
10 W-13 12.0 sand 300m 43 15,000
11 W-14 12.0 sand 300m 43 15,000
12 W-15 10.8 rock 225m 43 2,000
13 E-1 14.0 mud 400m 43 100,000
14 E-2 8.0 sand 400m 43 10,000
15 E-3 6.1 sand 400m 43 10,000
16 E-4 11.0 mud 300m 43 5,000
17 E-5 11.0 mud 300m 43 50,000
18 E-6(1]4t) 7]) 11.0 mud 300m 43 20,000
19 A-3 4.8 mud 300m 43 2,000
20 A-4 4.4 mud 300m 43 2,000
21 A-5 4.0 mud 300m 43 2,000
22 A-6 6.0 mud 300m 43 4,000
23| A-9(F-A3gAl) | 4.6~14.4 | mud 1.16km? et -
24 Q-1 6.0~12.0 | sand 900m 43 5,000~50,000
25 Y-1(¥53=) 20.3 sand - A 76,000
26 | A1YGy 7] Adnk=] | 23~28 sand 6.77km? R -
27 | A2y 71 g8+ | 10~30 sand 39.76km? Aot -
28 | A3Y IR 71A-"EH] | 7.6~20 mud 10.77km? ot -

_26_

e - P
Collection @ kmou




Fig. 14 Location of Incheon anchorage
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Fig. 15 Layout of PyeongTaek - DanglJin Port

Table 11 Status of anchorage capacity, depth and bottom
type(PyeongTaek -

;g

Collection @ kmou

N A
};_ ] %) Am) | A2 AutEs
(GIT)
1 5 Aukx 13.0 sand 150,000
2 10.0 mud 50,000
3 o k=] 12.0 mud 30,000
4 8.0 mud 30,000
5 A AHrA| 22.0 sand 150,000
6 A= AHkA 22.0 mud 150,000
7 = AukA 17.0 mud 150,000
8 ] Zgukz| 10.0 rock 50,000
08 -




< 7
\ S————

\ #2727 §

Fig. 16 Location of PyeongTaek anchorage
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Fig. 17 Layout of Mokpo Port

Table 12 Status of anchorage capacity, depth and bottom type(Mokpo)

&= _ . A b (km?) 2] "l 2] %
% i % (m‘)j A4 gt X];éﬁﬁc} 2 AurES
7 (m) (GIT)
1 1 12 mud 250m 43 30,000
2 2 17 mud 250m 43 30,000
3 3 18 mud 250m 43 30,000
4| myga 4 15 mud 250m 4¥ 10,000
5 gy |6 | 15 | mud | 25m a3 10,000
6 8 15 sand 300m 43 30,000
7 9 8 mud 300m 43 5,000
8 231 6 sand | 300m | w9 50,000
9 10 12 gravel 1,000m 43 20,000
10 11 15 | grave | 1,000m 43 50,000
11| Zx3 12 25 mud 1,000m 43 100,000
12 | A+ 13 25 rock 1,000m 43 100,000
14 N
13 30 | gravel | 2,000m 43 200,000
HE)
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Fig. 19 Layout of Yeosu - Kwangyang Port
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Table 13 Status of anchorage capacity, depth and bottom

type(Yeosu - Kwangyang)
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Fig. 20 Location of Yeosu - Kwangyang anchorage
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Fig. 21 Layout of Busan Port
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Table 14 Status of anchorage capacity, depth and bottom type(Busan)

M 2 (km?) 3

Tlogm gy T e | wn | A | UNES
H (m) A A A GM %

T84
1 E-1 8 mud - INE 5,000 =]k
2 E-2 8 mud - XE | 10,000 o]
3 . 0-2 | 6.3~7.0 | mud | 0.61km? A 3,000 ™%k
4 M-7 | 7.0~7.3 | mud - ZlE | 10,000 w]wH
5 M-8 | 9.0~10.1 | mud - ZlE | 10,000 ]
6 M-9 | 10~11 | mud - ZlE | 10,000 ]
7 N-1 15 mud | 2.72km’ At 1,000 m %t
8 N-2 18 mud | 2.30km? Ak 1,000~3,000
9| &% | N-3 19 mud | 6.67km? A | 3,000~10,000
10 N-4 40 mud | 7.76km? At 10,000 o]/
11 N-5 60 mud | 12.27km? | < 10,000 ©]74
12| 9o =Z8 | K-3 18 mud - ZQIE | 20,000 w]wH
13 9w | sl 11 mud | 300m 49 10,000
14 W-1 20 sand | 475m 43 | 80,000DWT)
15 W-2 20 sand 475m 43 80,000(DWT)
16 U-1 19 sand 375m 43 30,000(DWT)
17 . U-2 19 sand | 375m 43 | 30,0000WT)
18 U-3 20 sand | 375m 43 | 30,0000WT)
19 U-4 16 mud | 375m 43 | 30,0000WT)
20 U-5 16 mud | 375m 243 | 30,0000WT)
21 U-6 16 mud | 375m 243 | 30,0000WT)
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Fig. 22 Location of Busan anchorage
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Fig. 23 Layout of Ulsan Port
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Table 15 Status of anchorage capacity, depth and bottom type(Ulsan)

A%

S N R I T S R
a2 | EE e | om e

174 (m) g
1| M 11 nud 0.33km’
2| M2 11 nud 0.19km’
3| M3 11 nud 0.21km’
4| M4 11 nud 0.34km? A 2,000 )&}
51 M5 12 nud 0.25km*
6| M6 12 nud 0.22km”
71 M7 13 nud 0.20km?
8| El 40 nud 9.36km’ 10,000
9 | E2 50 nud | 10.25km’ Aot 30,000
10| E3 60 nud | 11.76km’ 150,000
11| wi 23 nud 400m 20,000
12| T1 28 nud 300m as 5,000
13| T2 26 nud 300m 5,000
14| T3 28 nud 250m 2,000
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Fig. 24 Location of Ulsan anchorage
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Fig. 25 Layout of Pohang Port
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Table 16 Status of anchorage capacity, depth and bottom type(Pohang)

] =
w2 (km?) ©F
&= ) A g AutEg
R | =
H (m) ] 7 k2 Gm ¢
w73 (m)
T&59
1 S1 15 nud 3.84km?
2 S2 20 nud 7.09km?
3 S3 16 nud 6.35km? Ak -
4 S4 22 nud 9.39km?
5 S5 26 nud 5.88km?

Fig. 26 Location of Pohang anchorage

_42_

%)Collection @ kmou



2318 B3l - 52 FF 2 A=A A

Trtee T8 PW F T - 5P GRAME Fig 273 2ol WA o]
glom FA A MY AFE 4MCEH 167, B5 6MolL, BT FAFE
4,47Tmo|T}. AH=A = Table 17 2 Fig. 285} 70| 157§%0] Muto] Hutat 4=

AEZ AYH] glow, BuA ol§ FEE FE FEFE /1F0E Hu
a, Furel PEsHe AHute]l Efol webd @A AMARE &34 g

ARA ThepsA BEST Y AL L 5 ok
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Table 17 Status of anchorage capacity, depth and bottom
type(Donghae + Mukho)

2%
™ A (km?)
= _ i A A BEA] AutEF
Eia=] 2 4 ==
H (m) R A w2 G/ 2
173 (m) JUPO

FE59
1 A-1 27 sand 280m 43 10,000 ©]3}
2 A-2 23 sand 280m 43 10,000 ©] 3}
3 A-3 22 sand 280m A3 10,000 ©]3&}
4 A-4 18 sand 250m 43 10,000 ©]3}
5 =338 A-5 15 sand 250m 43 10,000 ©]3}
6 B-1 33 sand 400m A3 50,000 )&}
7 B-2 40 sand 400m 43 50,000 ©]3&}
8 B-3 27 sand 400m 23 50,000 ©]&}
9 QIS 35 sand 500m 43 -
10 A-1 20 sand 200m o] 5,000 o] &}k
11 A-2 20 sand 200m o) 5,000 o] &}k
12 A-3 18 sand 200m 23 5,000 ©] 3}k

5359

13 B-1 25 sand 250m 43 10,000 ©]3}
14 B-2 22 sand 250m 43 10,000 o]}
15 Q/S 16 sand 500m 43 -
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Fig. 28 Location of Donghae - Mukho anchorage

232 FU F& o o] § Ay 5y
U Fa e 104(20089~20179) B9 ¥ H5 AFL §) FarRo]
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wh tiH] oF 47%9] HlE&S AHA
U@ A 9,227 tiv] W@dde] A7 vlEo] 88%= M =

N

Table 18 Average number of ship incoming in major ports

e A3 Ak Ay | A 4 Hg | WA A4 Ha
- - (H) 3 (H) B(H)
QA&+ 19,364 8,546 10,818
R R e 8,755 5,176 3,579
=3} 9,227 1,093 8,134
o - FFE 29,639 13,043 16,596
A 50,920 27,638 23,282
2443} 25,904 11,935 13,969
¥ 3te} 8,141 3,902 4,239
53 - F358 4,061 1,263 2,798
D 19,501 9,075 10,427
60,000
50,000
40,000
30,000
20,000
10,000 I IE Ii
. ll llu I-' IIS .=
PIET mELCLRTE Sy R el T R E4E Zuy SoSSET
Boig darEs HA (H Bojghd Y Es EHAE) LS fiE s EHAE)

Fig. 29 Average number of ship incoming in major ports
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oW F8 FRF dAure] EGE BEEE dolry] 3l kiR 2017
d Port-Miszxt &5 o] &3l ZFASIH oH, 1 &S Table 19 ¥ Fig. 303}
2o

Table 19 Tonnage division of ship incoming in major ports

T B gE! Zj By jﬁ v | en | wg | o0
Gl GG -

& A 18,056 9,706 7,985 | 33,002 | 48,869 | 23,958 6,431 4,257
100 1,246 715 2,233 2,476 5,751 1,192 333 252
100~500= 5,293 1,497 2,109 7,155 | 11,960 4,052 1,363 1,011
500~1,000& 413 172 435 3,950 4,213 3,842 345 312

1,000~3,000= 2,219 | 2,007 1,985 5695 4816 | 4,946 1,496 693

3,000~5,000= 1,272 1,124 528 2,405 3,596 2,477 952 607

5,000~7,000= 1,538 432 443 1474 | 2,377 1,372 454 595

7,000~10,000& 1,716 842 190 | 2330 | 5,120 1,822 513 124

10,000~15,000& 613 275 13 491 944 470 55 122
15,000~20,000& 980 285 49 1,109 2,366 680 157 95
20,000~25,000= 347 502 14 477 683 391 126 139
25,000~30,000= 843 378 6 1,186 809 796 125 83
30,000~50,000= 831 536 62 1,785 1,779 903 285 223
50,000~60,000= 206 341 148 634 980 361 13 1
60,000~75,000= 209 285 147 797 768 342 9 -
75,000~100,000= 162 186 13 500 1,531 39 106 -
100,000 168 129 10 538 1,176 273 99 -
-
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Table 20 Ratio of the number of ship incoming harbour and anchorage
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_— oA BH(H) g dFAdEt e A o] g4t
o] g uH(#) H] &
M 18,056 5,686 31%
Be - g3 9,706 5,262 54%
AT 7,985 1,841 23%
of ¢ - B 33,002 19,024 58%
SRy 48,869 16,139 33%
iy 23,958 15,837 66%
Z3gk 6,431 2,715 42%
sl - H5% 4,257 1,144 27%
H 19,033 8,456 44%
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Table 21 Comparison of the status of major port and anchorage
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Table 22 Weather overview of Masan
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HA 1092007 3~2016\3)5¢to]l wpakg) B2 uighe] HiF F4£C 19m/s A
=2, Az7F 15-21m/se] WMYE =JsE Aor FA=HJY. AYEELSS
18.4m/s, F3S EZ 20079 9<¥€o| YEGo
27.3m/s, EF& NEE #=5 )

Table 23 Status of wind velocity and direction of Masan

19 |29 39 |42 |59 |62 |72 89 | 9w 102 na 12e
Aoxds 17.1 | 20.7 | 24.0 | 22.3 | 18.4 | 18.8 | 17.9 | 24.6 | 27.3 | 23.8 | 16.0 | 20.0
Ay
T W S SE |ENE| SW [SSW/|SSE | E | NE | SW | W | SW
A 83 | 11.2]12.0| 98 | 102 | 10.1 | 94 | 163 | 184|129 | 7.9 | 8.6
5 NNE| S | SSE | S S |SSW| S | ESE | E NE | NE | SSE
B
5 21 1202121 |20 18 18 | 1.8 15 | 15 | 1.7 | 2.0
(24717)

30

25

20
15
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5
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=2 2
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Fig. 33 Status of wind velocity of Masan
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Fig. 34 Wind rose of Masan
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Fig. 35 Typhoon route affected Masan and Jinhae Bay
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Table 24 Current status of Masan and Nearby waters

T 2 v &
- AAE ESE AY e - vakd 2 £Hg oz JJsteE FERE,
FxFe ARSI, 92{Fe G FRIH
gz | T FxFe AAFge A=A AFst 1x2% 0.3AE7HA 6.5/
. A&HY, HARRZEFE FTHRYAA AxF 334730 Hhzr]
o i AL H7ZF4:0] 0.5~1.1 knotsel| o] &0}
AT TE )
- YdERFe 2x% 03444 ARSI AZAIZEA 59AE A&EH,
HAZGEF= FRYA 1xF 3.0AF 0 Batizr] HA fFEol
0.4~0.8 knotsel] o] &t}
- xR VHETES BATSH sTto g bREUA SRcte @l
Rom, dFE AUF PR FEHILI HERFE 19} Hhf 2
ZEh
2R | - FehxRe AN z*—u Az A 06~Azx F llaz A
3l & 0.6~1% & 05A A AFst 1% A 0.6~1F F 05H= A
0.6~A =% 1.DAA7A ‘lF 5.6~6.2(6.2~6.)A17F A&EH, HGF A,
UxiE @zt 39 gixrlel 03~1.0 knotEA Az F
2.9~3.8Q2.7~4.00A1 7ol H7Fo] LA FTH
- FERke Ay vppbge g FQddsle FL FEREAN O ARFE
EA~E/F3H, d2FE 995 ~2FIo
- AxRe Ao Ax F 06AA ARt 1z £ 094 A7HA
3.mp4kE) 6.5M7F A&EM  HARZERRE FRIAAA Az F 414 Al
ol 2=z | Hauzr] AReEo] 0.1~0.4 knoto] o] =
- HERFE I1E F 09xFA "AFstd Az T 0.6A7A7EA 5.941%F
&=, ARGEFe FFRINAM 1z F 3043 Huzr]
H7} $409] 0.1~0.4 knotel] o]|Et}
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Fig. 36 Maximum flood and ebb current of Masan and Nearby waters
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Table 26 Status of weather special reports Masan and Nearby waters

T A A THTAR THAER
2007 14 14 -
20084 6 6 -
2009 19 17 2
2010 17 17 -
2011 25 23 2
2012 17 17 -
20134 19 19 -
2014 14 14 -
20154 9 9 -
2016 15 15 -
& Al 155 151 4
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Fig. 38 Fairway status of Jinhae Bay
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Fig. -39 Navigation trail during 3 days
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Table 27 Status of Masan port facilities

5 A0 srHeE ¥ A g
(DIW, =)
2 ¥ 5 540 : -
3 FF 420 20,000 < 2 31734
4 F F 1,050 20,000 x5 41 " 49-1
S5F-F(173h) 420 20,000 < 2 55 7 58
S5HE-F23h) 212 20,000 < 1 53 " 54
S5F-F(33h) 208 20,000 x 1 51 " 52
FAHRT 240 20,000 %< 1 61
SK F-F 130 3,000 1 Y1
GS =4 105 6,000 x1 H1
A= 3,000 1 Al
TARN R B 3,000 x 1 M1
FYET 150 8,000 x 1 El
ZTHRE 210 20,000 < 1 P1
gl A 210 20,000 < 1 R1
HdH T 210 20,000 < 1 Cl
FHET 3,000 x1 F1
L RS 103 3,000 x1 X1
ThE N H T 980 2,000TEU x 2, 30,0002 NI " N4
JhE A BT 320 - N5
s -
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Table 28 Status of anchorage capacity, depth and bottom type(Masan)

3 (k2 0
{—E ™ ] 2= Al Eﬂz_l(km ) ;(6] ]EU'-Z] i-]]—%
Z A TC = A el E L
EH_ 07é> Tu(m) X‘]Z(—:]_ AST 7(]78“3(]'/;} Ij.*—lL.l:l
W7 (m) (GID
3 du}
1 A-7 11.9 mud 300m o4 2 7.000&
o] /\01—
2 A-2 6.5 d 250 2] &
mu m o 7.000E
3 A-4 6.8 mud 250m o4 o] ot
_ Z}y -/ vk
4 A-6 7.8 mud 250m o4

Fig. 41 Location of Masan anchorage
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dA~2016)= vlglo g ZASH T

Table 29 Average number of ship incoming in Masan VTS area

o 4P A A% | G 9P A% [ B 9T A%
B3 3 5#(2) B3
Ll s 8,865.9 2,157.7 6,708.2
AL 3,276.1 476.8 2,799.3
28] & 3,548.5 261.8 3,286.7
Mo 119.7 112.7 7
: Ria 3,952.5 752.2 3,200.3
WhAE B AT gurel QEAuie BEEE RS Fopny] sl Py

9] 20173 Port-MisA=.(QFA &2 201613)E o] &3t ZASH oW, 1 W82
Table 303 %t

Table 30 Tonnage division of ship incoming in Masan VTS area

L] S S I T ] o | | 2| ¢k
T i _ ]
KL I I = I R 2 Al d | A
3 A 6,118 | 2,594 | 2,107 | 90
100% 1,658 | 1,188 | 550 - | 15,000~20,000% 45 6| 31 -
100~500% 1,428 | 945 | 1,293 - | 20,000~25,000% | 106 - - -
500~1,000% 64| 60| 59 - | 25,000~30,000% 6 - - -
1,000~3,0008 | 870 | 109 | 121 - | 30,000~50,000& | 106 7 2 -
3,000~5,000% | 465 25 10 - | 50,000~60,000% | 115 - 2 -
5,000~7,000% | 460 5 2 - | 60,000~75,000% | 131 - - -
7,000~10,000% | 203 | 247 12 - | 75,000~100,000% 27 - - 14
10,000~15,000% | 234 21 25 - 100,000& - - - 76
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1
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ok AFR 0] Port-MisAl &

2 Fig. 433} 2t}

3

s

380.0
3,989.4
3,466.2
3,109.8

463
3,754
3,568

4,013
11,798 | 10,945.4

477
3,807
3,938
3,024

11,246

354
4,154
3,339
2,551

10,398
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376
4,051
3,206
3,374

11,007

234
3,922
3,094
3,032

10,282

Table 31 Number of ship incoming Masan anchorage

A-T7
A-2
A-4
A-6
A A
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Table 32 Number of Barge using Masan anchorage

Skl 55 AE
2017. 10. 23.(2) 303 il
2017. 10. 24.(3}h) 203 74
2017. 10. 25.(57) 154 74
2017. 10. 26.(x) 174 74
2017. 10. 27.(=) 154 A
B4 A, npad Gubd A2, A4, A6E olBaHE A 247he] Aub
of AT 634 ksl Y ZloR B Hglow], npakA g gl
5250 gt Rl W@ B4l 110502 ZAH YT
(3) Pharg LA o] & Alte] EE B
A2 59(20129-20169)2F Hukx) o] & Aufe] B4 BxE MELE U

W Z3}= Table 33 2 Fig. 449} 2t}

Table 33 Tonnage division of ship using Masan anchorage

Collection @ kmou

9= A=
-~ A-7 | A-2 | A4 | A-6 FRopN A-7T | A-2 | A4 | A-6
5080 ¥t | 2.6% | 9.5% | 7.5% | 3.4% | 4,000-8,000 | 7.0% | 0.0% | 0.0% | 0.0%
50-100 6.4% | 25.2% | 20.1% | 16.0% | 8,000-10,000 | 0.3% | 0.0% | 0.0% | 0.0%
100-500 | 32.3% | 9.3% | 8.6% | 9.2% |10,000-20,000 1.4% | 0.0% | 0.0% | 0.0%
000-1,000 | 16.2% | 0.7% | 0.3% | 0.2% |20,000-40,000 | 0.4% | 0.0% | 0.0% | 0.0%
1,000-2,000 | 25.5% | 55.3% | 63.4% | 70.7% | 40,000-80,000 | 0.4% | 0.0% | 0.0% | 0.0%
2,000-4,000| 7.6% | 0.0% | 0.0% | 0.4% | 80,000&== | 0.0% | 0.0% | 0.0% | 0.0%
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Table 34 Type of ship using Masan anchorage
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Table 35 Location of the Ok-po Provisional anchorage
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Aukz) o] &3 Uitk AFE AHEH AHukz g Ui Hoes LA
RARE BHA] o] &&, 7MEE T MES AR A ¢ dH

Usui and Inoue(1999)9] Aol E FhAukz| o] Aulz] HA7|&F=S AAS
o etz 728 2 A88F] JidS ALRSAT. A VR EFE A
FH AlEHH A= 428 F e T8 FTE AHYson, o] Mds
AukA] AAY] 712 e 4R OFY. AHhA] AE&8FE AR Yo dA=
TEL F Jde F& FFE Aot o] AFodA= AuA &FES HF
Mol opd AubA] ol Hubduks @ H £8F ¢ Ao dig Adoe=
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Table 36 Tonnage division of ship incoming for Calculation Major ports

ce Jan| e | 27 aa | en | =e | 22
gl S o -

<4 A 18,056 | 9,706 | 7,985 | 33,002 | 48,869 | 23,958 | 6,431 | 4,257

100& 1,246 715 2,233 2,476 9,751 1,192 333 252

100~500= 5,293 1497 | 2109 | 7155 | 11,960 | 4,052 1,363 1,011
500~1,000& 413 172 435 3,950 | 4,213 | 3,842 345 312
1,000~3,000= 2,219 2,007 1,585 5,695 4,816 4,946 1,496 693
3,000~5,000= 1,272 1,124 528 2,405 3,596 2,477 952 607
5,000~7,000= 1,538 432 443 1,474 2,377 1,372 454 595
7,000~10,000& 1,716 842 190 2,330 9,120 1,822 513 124
10,000~15,000= 613 275 13 491 944 470 95 122
15,000~20,000& 980 285 49 1,109 | 2,366 680 157 9
20,000~25,000= 347 502 14 477 683 391 126 139
25,000~30,000= 843 378 6 1,186 809 796 125 83
30,000~50,000= 831 936 62 1,785 1,779 903 285 223
50,000~60,000= 206 341 148 634 980 361 13 1
60,000~75,000= 209 285 147 797 768 342 9 -
75,000~100,000& 162 186 13 500 1,531 39 106 -
100,000 168 129 10 538 1,176 273 99 -
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Table 37 Tonnage division of ship incoming for Calculation Subject Ports

T Hd EF o4k Z1 3] A Q4
st A - 6,118 2,594 2,107 90
100& 100+ 1,658 1,188 550 -
100~500= 300w 1,428 945 1,293 -
500~1,000& 505 264 60 59 -
1,000~3,000= 2,00087 870 109 121 -
3,000~5,000& 4,00083 465 25 10 -
5,000~7,000& 6,000+ 460 5 2 -
7,000~10,000= 8,500+ 203 247 12 -
10,000~15,000= 125005 234 2 25 -
15,000~20,000&= 175005 45 6 31 -
20,000~25,000& 22,5007 106 - - -
25,000~30,000& 27,500+ 6 - - -
30,000~50,000& 40,0003 106 7 2 -
50,000~60,000%= 55,0005 115 - 2 -
60,000~75,000& 67,5005 131 - - -
75,000~100,000&= 87,500== 27 - - 14
100,000& 100,000+ = - - 76

A ARE &3t dY AHu FEF 8FHrenE AL 23 v
Fdgs
Table 38 Result of calculation 7GT
ag | 2N ey | T wn | e | mg | B0
F3l B 53

495,390 | 377,072 | 95,664 | 1,045,276 | 1,666,858 | 564,302 | 153,946 72,803

L2l A I B TAS A s A

-

101,124 | 9,054 | 5,283 24,178 139,639

- 84 -
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Table 39 Status of anchorage capacity

_ _ ey | M a | ag aves
P 3% o
m || AR GIT)
W-1 12.6 400m o4 50,000
W-2 9.3 400m 4 50,000
W-3 9.0 400m o4 50,000
W-4 9.0 300m o+ 30,000
W-10 11.5 300m o4 30,000
W-11 11.5 300m o4 20,000
WwW-12 12.0 300m o4 15,000
W-13 12.0 300m o4 15,000
W-14 12.0 300m o4 15,000
W-15 10.8 225m 44 2,000
E-1 14.0 400m 4 100,000
E-2 8.0 400m o4 10,000
A E-3 6.1 400m 43 10,000
E-4 11.0 300m o4 5,000
E-5 11.0 300m A4 50,000
A-3 4.8 300m o4 2,000
A-4 4.4 300m o4 2,000
A-5 4.0 300m o4 2,000
A-6 6.0 300m 4 4,000
2
ALY A | 2328 i;()?ﬁ (_ﬂ:‘;iﬂ) 50,000
2
A2 F A9 | 10-30 3& (%fg:;ym 50,000
2
A3Y AR | 7.6-20 1& - 3;;711) 50,000
e
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. . 4 ﬁi(imz) e | A7 e
(m) W7 (m) A7 2] (GIT)
e Ak 13.0 48Lar? ;‘g N 150,000
(B00m) | (A6
10.0 450m A3 50,000
ot ukA] 12.0 300m o 30,000
- 8.0 300m o 30,000
o | A AEA | 220 900m DE 150,000
Ams Aubx | 220 $2 ( %X‘iéi 0 150,000
cas g |70 o2k e 150,000
(300m) f3g2710)
AAl A uk=| 10.0 500m o4 50,000
1 12,0 250m OF 30,000
2 17.0 250m OF 30,000
3 18.0 250m D 30,000
4 15.0 250m A3 10,000
6 15.0 250m 43 10,000
e 8 15.0 300m D 30,000
o 9 8.0 300m 43 5,000
10 6.0 300m o 50,000
11 120 | 1,000m 43 20,000
12 150 | 1,000m ok 50,000
13 250 | 1,000m a3 100,000
14HALE) 250 | 1,000m DEs 100,000
g7 -
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_ ey | A a Ay aeg
o B (m) FE L g G/T)
174 (m)
y-1 6.0 ; ZIE 1,000
= 8.0 _ ZIE 5.000
K-1 15.0 _ ZIE 50,000
K-2 15.0 _ zolE 20,000
K-3 13.0 _ ZIE 5,000
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Table 41 Result of calculation Acr

] e o:] = Eaﬁ

- S = _ T - [e)
AH 53X o HAk =4 =z o=
371 < R

9.81 7.58 6.43 4.29 0.56 1.94 15.91 3.23

Ll sals Z1 3 1A e s A
0.28 4.42 9.48 0.00 0.85
1500
1381
16.00
1200
‘E‘L 1200
{F ;
r; - 581 e
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=3
5 80D Tz
e 543
i
B ED0
& 435 2.4z
400 373
154
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i I e EL]
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iy U EY EE R i #et 25 R T o ] ay ke ooy
A

Fig. 49 Result of calculation A4 cr
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R o
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ke 91g 7188k = 75,0005 270¢F 50,0008 5 370, a3 2
A2 50,000=8F 4 N, A8 A%k AHA= 150,000=w 270 A A st
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Table 42 Comparison of calculation of 47 after designating anchorage

@3 A Acr F7F ek AR Al

T8
vhat | s | mE | ek | g |kt | wsl | mE | ey | @

TGT | 101,124 | 9,054 | 5283 | 24178 | 139,639 | 101,124 | 9,054 | 5283 | 24,178 | 139,639

SAC | 28000 | 40,000 | 50,000 - 168,000 | 328,000 | 90,000 | 100,000 | 300,000 | 818,000

AcCr | 0.28 | 442 | 947 | 0.00 | 085 | 3.24 | 9.94 | 1893 | 1241 | 5.86
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Table 43 Designation Waiting anchorage coordinate(Case 1)

olefe] 47} AHe AAR YZ od

_ . Bo =] = 57;] - EL ;

T h @ : 59 BE 008 30%, T4 128% 4% 00%
A5 - B9 34% 598 00%, 574 128% 448 00x

- L © B9 34T 508 00%, B4 128% 455 24%

- @ B9 3BE 008 0=, 574 1285 458 30x=
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Table 44 Details of Designation Waiting anchorage plan(Case 1)

. g HHA] dZEF
= 3}uo = PAT SR
TE o RH4 (m) (GD) T e
apa 350 x 371 50,000 | F&FE, HHCIY WA
uj4k 400 x 271 75,000 AE A R
AP HA Z1 3] 350 x 171 50,000 LREstEA
B 350 x 174 50,000 dursE A
2+ 500 x 270 150,000 LNG-&15Hd

Fig. 51 Designation Waiting anchorage plan(Case 1)
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Table 45 Designation Waiting anchorage coordinate(Case 2)

ofgf o] /) AHE AT WS
g R Aos | @ : 59 3= 558 00%, 74 128= 47+ 00x
°%E° T - ® B9 ME 51E 0%, 57 128% 462 00%
. - © : B9 3% 518 00%, 574 128% 50% 00%
- @ ; B9 35= 558 002, B4 128% 508 00=

Table 46 Details of Designation Waiting anchorage plan(Case 2)

gt ALES
2 ins = AbA] B
T o HE7(m) (GT) T8 AN
o}k 450 x 370 50,000 %=, Aol WA

o 500 x 271 75.000 A SurA

A¥gw= [ g 450 x 171 50,000 kg E A

A=) 450 x 170 50,000 ksl E A4

oA 600 x 27} 150,000 LNGE-1kA
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Fig. 52 Designation Waiting anchorage plan(Case 2)
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