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A Study on the Establishment of New Busan Port VTS

Service Area

Son, Whi Dong

Department of Ship Operation Systems Engineering

The Graduate School of Korea Maritime University

Abstract

Marine traffic volume has been increased and ships have gotten
larger and faster because of the lift of trade barrier through WTO and
the development of shipbuilding technology. On the other hand, the
number of crew has been reduced owing to advanced satellite

communication technology and modernized navigational equipments.

At present, Busan port suffers from serious lack of facilities and the
accumulation of cargo and ships. As a result, new Busan port is under
construction, which began at 1995 and aims at completing it by 2011.
It will enlarge the role as the Hub Port of Northeast Asia of the 21st

century and strengthen the competitiveness of Busan port.

It is expected that the form of ship navigation will be very complex

and various because the new port will be opened gradually from
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2006, and the traffic density will be increased accordingly. Therefore,
ship navigation situations should be monitored by radar sites and the
traffic control center that will begin service from 2006. And the VTS
service area of new Busan port should be established to protect
human life and marine environment by offering marine traffic

information needed for safe navigation.

Accordingly, the author analyze the VTS situations, the service
areas and the cases at leading harbors in developed countries. And
the author study the traits of new Busan port, the volume of traffic,
accident situations and the links with neighboring ports of Busan,
Masan and Jinhae. In addition, this study examines several conditions

and considerations about setting up VTS service areas.

Consequently, the VTS service area is suggested considering the
location of neighboring ports, the connections and the ship moving
situations. The east boundary extents to the boundary of Busan VTS
service area which is Mokdo ~ Molunmal line, northwest boundary
extents to the boundary of Masan/Jinhae VTS are, which is Mangwado

Udo line, and the south boundary extents including Jangseungpo

port and Jisimdo ~ Mokdo line.
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AZFEEE 19964 29 AHE AVIEE S H(MPA — Maritime and

A7} o) Fol X glon, AZFEEol VISE 19904 10¥ 1¥9¥E A7E

A7V /AT e BHol Aok, AmAol R AIEER 33 A

sz AACA 7Hg Ade g% 3 Fo shteln] FAe] oF 74
vhel, Aol Z 2801 R Ha E o22vkdelt. 19989 590 A
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o o3 A AMYEE AA A¥bR A E=(Mandatory Ship  Reporting
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3.14 =¥

5 VTS edFA= AWAF weEh tske] FR=(German

F

& 7ML AL, Azl VISE AAG olfre ofdFel: dute] 9=
ol 7hsste= 7] gl

TR HAY QAT #ests FR)e] VISE FREE
AR5y AAsta sld Ao R EAN AT AAJske, F9e 7 5
Rl A A Abete] 2 VISAE 7Y 99shs 5, dubde] Hrhs sRate

o] 7ido] Asitta B 4 vk a2y gk VTSe] 495 EW, Hamburg
o= gkl A A Gk delyzh oy, & &nke] Aol AR

(RUEDE A-Fste] A sles dkal dH.

Elbe VTS Al~gle] 44, dulde] oy ghi-2a3& xdshs 3719
VTS AE 9} 11719 Aot Rsa FAE] <

7t Y= Z719] A9 (Area of Responsibility)S &ASHAI R F4 €
BE Mute]l AR5 AFste] HFEIE GHRAAC o o2 AHESL o

A4 £9H 3 dE VTS AHE 13442 71 432 gy gon, A

Hl 2 o] WeolE <1y 3-6>% Zrh
(1) 37784 E]) : Knock(Emden), German Bight, Wilhelmshaven,
Bremerhaven, Bremen, Cuxhaven, Brunsbuttel

(2) LElaAH4/MAE) : Travemunde, Wismar, Warnemunde, Stralsund
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(3) Kiel 3FH27041E]) : NOK 1(Brunsbuttel), NOK 2(Kiel-Holtenau)

I Waterways and Sivipping Directorate A
@ Waterwuys and Shipging Difice Hormen s & Frshal
® Buoy Dipot ®
& VT5-Centm b L

2 Aadar Coverage
W Major Lighthouse
@ Difterential GPS Station
A LORAN-C Station

* Kl

...........

Pa
Kiei-Holtenau gy
@ ]
B Tsnning Kiel

<18l 3-6> =2 (North Sea) VTS MH|A T

3.1.5 294

g1 &5k VTS 29FAE= 19923 E West District Swedish

piiy

Kl

Maritime Administrationol 4] 214 2d3ta 9low, 1979de] MH]AE 7
Alste] G5l AaL, o] e ATF wEFE oF 30,0008 0] J=E3etaL
AE Aot

o] VTS Al&®e] #A42 thaat 2aL, AMuls Bi9l= <y 3-11>3 2k

(1) @lo]y Site : 3(Vinga, Vasskaran, Karingberget)

(2) A¥]2=H Q] : Vinga #lold Site25-E 6vFd-Gota Alvsborg Bridge7}A]

(3) VITSAIH : Goteborg
(4) AEH/5AE 74 © Micro Wave / VHF
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(5) AE]AH] : Norcontrol VOC5000

[ o011 50
( GOTEBORG
4 4 ~ 1 Gma
/,X - Di %,’(_/Bndgg
s ml
<! I
‘}L VHFCH 13
.*j VINGA 6 NM
: No.a () q._f_
JL @vwc - 5 = ,;?
;\ . ‘0/{3
PGz
\ No. 2 (§} FLJ(
)f P \ T:”\)
57° 35N s : : a\/;‘g] 57°35'N
AV -*» i A € o Iupx
AN I : g 1“;, i
‘/\ I 1 gi"_é
9o, 0
e i,
Qg 3-7» IHHIOS VTS A'Il:llﬁ?@.
3.1.6 "=

(1) San francisco

n o] AR elel] A e MIEZ A AT TS 1994y 109 13UAE <
3lo| 93] 77 AAEE VISE Alds] 31, 19959 5¢ 3Ux =2 A8k
=23E Fol7]l $s VISTY el FslE
Areas, RNAs)S ] gt}

Al 7+ (Regulated Navigation

San Francisco VTS9 4= MEZ A2z vbo| A Alarel #eds Qw9

=4, AdEs 2 e BEsty] 9 AdEhel ojs & bdsta aEHo
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= AT GEE FHEGE7] fstel CCTVEAH A =)

= ot
VTS7} Algahe 223 AR JoAL thi-id Ads9] Frojd 2t
San Francisco®2 AU 29 (Area of Operation)= Offshore <}
Inshore®= -8t Y-EF sk A5 oFAolm ZAAQ B
CFR(Code of Federal Regulation)oll #3438} &#l|slal 3t
el (VHE A 212)2 BbEato]th($] = 37-556.8%N, 4= 122-34.6%
W)o. 2 5E w74 38ntdoell}, Sea Buoy(SFSB)E FAlo2
of ZaBATHS ALt AJFFTH(VHE A1) 25E &, Az
E g 9 ges= A AFE X3S AZdA 23 75 dAsa
kA F AH| A FHe ZE 7S X9 25E 33 AagdE 37t
2 E3ste] 133vkddl] oj2uk, MEZ A2z VTS Fudsde <®3-3>
of Yetilon, Mujxa Wel= <a¥ 3-8 EA3S

oot

52
nt

dold CCTV Communication Site Others
- Point Bonita - Yerba Buena O 5TV
4 |- Yerba Buena Island(37]42) |- Point Bonita Monitors
Island - Mare Island(1) |- Mt. Tamalpais
& |- Mare Island - 0zo(1) - Yerba Buena Island
- Point San Pablo - Bav Point

3) Our Mission is to coordinate the safe and efficient transit of vessels in
San Francisco Bay in an effort to prevent accidents and the associated
loss of life and damage to property and the environment.
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FARALLBNE IS,

<18l 3—8> San Francisco VTS A{H|A A

(2) Los Angles - Long Beach

)=o) B At mAdAYA-FH ALA-LB) &2 A g4k 119
F-iEol F Ak 1994d 391l e duEHAE TSk, ml= Al
73Rty w=e] gHom TPHL o, AF 55003 o] 4
S E3HeE 30,0007 o] el vkl QhAgk s Al st vt
F VISH = w=29°] NorcontrolAe] VOC50000]1™, VTS AH[A~74
<& Pt Fermin(LAZ9] A& wWaA-9jx= 9% 33-423N, 4=
118-17.6W)ell M wbg 20vtd o] aids AraT9AORC.2 HH -9

skglov, Abep Euzb kel 93k dAlT= el AN A
2

l

33°-55'N, 118°-40W)< #AsH7] 93l 25vL7HA4] F3dvh.(<2- 3-9>
Hx)
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340 RS - UNITED STATES OF AMERICA
“Santas
MNorthern TSS -
. . = g‘;’;'c‘g\\El Segundo
./ |\ LOS ANGELES - LONG BEACH HARBORS
.. Vi, : i
SR [ Point = ‘-;ﬁ‘“t-Lk] e
- f <5 L e Fermm N ez ‘-1_\
[ x:\ ~— ; ‘!}..\ - 8 '!1 o ,-’I: w.\
e gy, ¥ ™
—~— e Precauhonary b,
imit of \ — / e > "\, Newport
{‘,'.PS“EEE— e e Ak (ﬁbjm simi Qil “Harbor 33.6°9)
\ _, [ /NN \\" +77Platforms
. Femy___ / ;f =t ."‘\
Routes [ / / Dana
\‘,\ e ',.f v i “Paoint
i 1 A \ / 5
Santa = NN = s,
Cataling L—' N ‘\ A A——— .
| Island \\ \
. T SRR EE S W\ % \— Southern TSS
N X \ A\ \
1-118.8° e N . A \ ,-118°

<agl 3-9> LA/LB VTS MH|AFY

Ir

a2lan VTS AHSAE 85 5F-3stal Sl ool (G 3-4) <A st
o] AHke] Aol(LOA)C wel 2k A -8-skaL Ut

(E 3—4> LA/LB VTS M4t AIEXl 2Z (per port call)

Aukel AA Aol (Metres)
oA ) ak LF(USD)
0 150 200
150 190 230
190 230 260
230 270 300
970 310 340
310 - 380

Source: Wayne K. Talley, "Vessel Traffic Services systems : cost-recovery
alternatives. , Norfolk, USA
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3.1.7 Sy

3.1.7.1 VTS &%
$etebe] AT 120 FoelM LEFA VISHLHY FoAM AL
obel <E 3-5>8} geul, TRHANTH AT S ATLASA A Fo]

i, YA 107] 9k 29019 NorcontrolA} #l|3& o]t}

e

CE 3-5 FE|LE} VTSA|AE FA|M

rgk
0

(9] A
2y 0}‘\4—;13_:] AlA Y9
= 2948 | @y | CCTV | VHF/DF| VHF M/W
1™ | 1998.11 1 4 2 1 2 13
HAe | 1998.11 1 1 1 2 4
o4k | 1998.11 1 2 1 6 5
A | 1999.12 1 2 1 1 5 4
2% ]1999.12 1 3 3 1 8 11
o 5=/33%| 1996.04 1 3 4 1 3 10
"t/ Z8) | 1998.09 1 4 2 2 3 10
Ak 1998.12 1 5 1 2 6 8
&4k | 1996.09 1 3 1 1 5 2
¥3 | 1993.01 1 3 1 1 3
3 | 1999.12 1 2 1 1 5 6
AF  |1999.12 1 1 1 1 5 4

A=) http://www.ptms.info/about/a2_1.asp
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<38 3-10> F&rek VTS ME[ATY

Ty xgete w3k 3 AFH aAe] AEEALe] o, VTS AlE}el] A
Batafof sl MuadR2e kit Yol 72.7% % F-AFoH,

G AW E AW 7 7.9%0]a1, At EdiEjor e A=
19.4%4 HAJTHE 3-6 FFx).

o on EaR B s 242%3(%)
GRS (A 19 (7.9)
VTS e elz Ausl 2ol|  gulrady) RS 176 (72.7)
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T3 Q] gk AFHE A= Mu| AR 9E AN AIA], e <F
EE e 50vtd WA Sgsteiof gtk 2ARE QLT
<E 3-7> VTS MH|A He HdEXZA}
SEAE TR @® @ ©) @ Al
7 oA A 10.7) | 96.7) - 3(2.2) | 13(9.7)
= Auk-g-aat 3(2.2) | 24(17.9) | 13(9.7) | 28(20.9) | 68(50.7)
A} A A} 53.7) | 11(8.2) | 8(6.0) |17(12.7) | 41(30.6)
oy = oA A - 3(2.2) | 2(1.5) - 5(3.7)
°F 7] g} - 2(1.5) | 21.5) | 322 | 7(5.2)
A 9(6.7) | 49(36.6) | 25(18.7) | 51(38.1) |134(100)
500% mlut 5(3.7) | 7(5.2) | 2(1.5) | 100.7) |15(11.2)
500 ~ 1,000% - 2(1.5) | 1€0.7) - 3(2.2)
= | 1,000 5,000% - - - 100.7) | 10.7)
| 5.0007 10,0004 - 96.7) | 2(1.5) | 5(3.7) |16(11.9)
" 10,0007 30,0008 | 100.7) | 21(15.7) | 13(9.7) | 29(21.6) | 64(47.8)
W | 30,0008 ¢ | 10.7) | 4B.0) | 537 | 96.7) |19(14.2)
71 E} 2(1.5) | 6(4.5) 2(1.5) | 6(4.5 |[16(11.9)
A 9(6.7) | 49(36.6) | 25(18.7) | 51(38.1) |134(100)
@ AT FA @ AAY &Y F2A
@ HArg, ohEe EFF AR @ FEE T 509HA7A
A= 0 AR I VTS a84Q gt #gk A7

ak VTS7F Mad el At $olala
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3.2 TAFA

3.2.1 | FAATEE=Z(MEH)

(1) MEH9] &

MEH(Marine Electronic Highway)©= &3°} |99 U EHITE ¢35}
A1 +2+7 7155 (Global Enviroment Facility, GEF), M 7<% (World Bank, WB),
IMO7} &S = MEH 7I'dS 19960l 7ste] 20001l -4 sk3itt.

20000 MEH Ab42 19Al= 2ot 94 A7tx = sfigol] digk 7] Al
S pEstal, 2glol A el el A ekt MEH MEQAE #5535
A= Bolth, A3WA MEH 75& 7l % 7IE 5E(F5-535) A4
MEH WEY T +5F& HHo= s, oo met welyt 9 4722 MEH
A BFEA A 2 A REFEA 8 (Regional Action Plan)e] 2002\l 49
w0}, AHANIS 2004delA]l 2007 A7HA] AlEAL o] A EH, A
AL 2008304 2012\ 3 7FA] =3 o Golt},

V)
ro

MEH AlZ=812 Azl =g HA| ~BHECDIS) s T4 0% VTS, Auke) x|+

AR 2Z~E(VMS), AR E(ENC), AIS, ZF-24, 7| AAnA 28 55
Eatxon H9ste S djdetdFEsAAA 28 FEHS Quldit}, o]y
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(2) MEH Ay 3 &%

Zepzh 2 ArkxE Y MEH 75S 9% A 194 AW AR
W= wEksleld  One Fathom BankollA  A7FE2  Horseburgh
Lighthouse 7FAle]™, 194 Abdel] thgk MEH A2=®9 8 FA484 2
AP T TElE gukrol Y &E

RSLI N =& Sofstd vaa 2k
7h wEgE 2 AA7REE Sl MEH Al2E i 5 A A
1) Al 2=8l: AIS, ENC, DGPS, VTS, ECDIS, ARPA

2) 4w 9 Azl Ale: ENC AE, ANedAR, AN, FH45F

= ASEAZ(STRAITREP)7} &%+ 99 Sector 1-9%
o| A Sector 1-67FA%WF Multi-Beam 7]4S o] &3to] 187140 ZAA 43
Star, o] % 6-1270€el] 2A HAFHZ(ENC)E Aitsthy, A7tEas Q=

Alob BU o] Aloke] ENC Aitsd® Zshs 9 #d 7lee Aesr|=
Elas

L, ks A B S A A8 H ok
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2) AL AANEENOE BARS layerE FAANA BAVRE
Ame $A 2 5 QA i, VIS AR E@ 59U wAow 486

L H A FA Y
1) AF9&49 Y3 (Project Steering Committee, PSC)¥ # w2z el MEH
T Aol gk AATEk Adef B AFS 99 AR el A3 F=A4)
24 A&, Algle] A8, =3 R A3 tE AEdaS BAR
2) MEH Al2=d] #Hg] FA419] A9 7Fe & AIMAH oA A
v -84, A3, AAA &3 4 D HAA A
D A7, A3l AA Aol 9 B4 EAe HUtE BAE WAst WA
ARE  EEg

2) 9+ (Burden Sharing)S g#H o= A s},

e

B

ah. MEH Al2gle] 498 913 o] §2be] o] @ 914 s

vh 5714 A9H gl L Akel Bk Bl

AL TRA Ao mae] A 2 2v A1ddel A8 AHsa w87}
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3.2.2 FAAE Aul HdH 2 FF Alx

ulti]

LRIT(Long Range Identification and Tracking of ships) A& IMO
AR A A (MSOol A A A Q1 2ol el HE T2l AMF ez, LRIT
AE A 1S 2,000vHL 74 geistarat sk Aotk LRIT AHE 7
=, 71@s 9 Admelwt AleHs Ao Astal, LRIT A" bi=Z

=2 gAstojof gk A3 T
goz F7b Aol m9jo] d flonh, A4 FAT A o] 94
Alz=glolut HE Al=glo] IMO e8] 15 w7hA= A3s|7AArt A&
skl Adsf o2 Al el ET

ke [nmarsat-C AH|7F 48 715
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3.2.3 A FAAFTE BEFHGICOMS)

ol
i
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r o
o
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JOL_',
18
1o
o
N
o
5=

gheto] dgFafi ol -2 Ay Hdubo] gl
AAAQ b BEo A, A T et S7PdEREA R g ek gk 8
4 5= (Sea Lane) StH, A8 RtEMTFA(ISPS Code)s ¥ =4
gkoll thet AAAQ WA viHe flete], 7k T Fyie] I

oft

| ForHdE3 JH Y (General Information Center on Maritime Safety
and Security, GICOMS) af/etd 3 a3 w st Fve] Ads =3 3
ol Aol wwle]l At Ajikel kA B sjkEd T =S HSE]
Ag FAA =7F A7) dEAlAF o w HEI o] A

(1) Adubej A 34 kd 2] Al ="l (VMS: Vessel Monitoring System)

Auke] Ax® G271 E F2HE 4 9lE Monitoring Systemo] A X% oo}
ok AAFA ] e A Fnt 2 A2E aelA RRE= mE AR

EEZ 2 dFai ol 235 =4 (i zghoel Lot

(2) HZW gt FEPRAY 2
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3.2.4 718} =&

TF VIS ZAANEXA6e] Axz =F% AEI A <HSymposium
Concusion & Recommendations) W-&< X t}S-3} 2o}

(2

(3)

4)

gaiokd 9 HeF EAVE FAEWA, VIS AlHet o g 2 #d
At 79 AR S (communication) A7 dFEHo] “VTS, MRCC,
ghubedat 2 A Ak A ko] A X FH(Common Information Sharing)
E 9% B2 (Communication Networks) 3ol 3k #i1ot 7S

s slof g = Amsko] HE QAT

o
il
rO
o
=
olo
O]I
%
=)
=
of
o
i
1o
=
)

VTS #& FHoA HAsl= A

ok o RN FrhH AR ThE Aukg AIS Alswle] A" 28l

ERF Fuolut £2F olgsh: Al A 4FoE FALAM I

6) 10th International Symposium on Vessel Traffic Services, 10-13 February

2004, Hong Kong
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(5) ZAstel VIS(Mandatory VTS)
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VTS
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3 A n 5

A AISe] Abgell
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S
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(6) AIS

AIS ZH] 9|

1
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S

b=
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PR %) 3979kt (120%H)o] T},
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i

Aol BT 6.05 kn(1744]),

1

A 1.49 km, A"l ¥F 3.50 km(10A42)), =& 25 040 km(144]),

FEA 67 m (2047

A2



<E 4-2> FAAIETE I A E
E A Al A7 A2k
v (1995 ~ 2011) (1995 ~ 2006)| (2007 ~ 2011)
AHd 28 414 9 A4 19 A4
A a3 807 RFTEU 345 WTEU 462 RFTEU
Wb 1.49 km
F71%% <k 20.70 kn A9k _
= Tom) 22.70 km -
oy 559 % o 189wk m
45| AMEE A o]y F-5 A 350 km(104A1)
3.50kn(10414}) ~ 0.40 Km(144)
Ch 4 JL7 (A5 A7) 12 BN v
oJRAEY T 14 B -
ma | MEE eHsl 6.05 km ek 3.10 km 2.95 km
- 24 A (17) (9) (8)

'Ill

“ilzfn

R7HA
(P58

&) Ny [ & i ol
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BoRAEuke] A S < 4-3>0A] Kol Ay olyRrFel AS
20064l 971 A2 (Ae] 3,100m)e] k&=L, 1871 A (He] 6,450m)o]
MM, A2 F (A 5F5) 9] A 9-ol= 20079 HE 2570 (2507HE)
2 Agd 5 gdE do] 400me] 17] Aoz Holgth 1o wE AR
Gt E5HE <FE 4-4>04 HTo] FAH oY
TEU, 2011 8,076 TEUR d=% 1 ¢lar, v Ag ol A$= A&zt
B0 2007 250%HECZ o S38al Ut

Al A| 1 B A 2 B A
(2002-2006) (2002-2006) (2007-2011)
2 =
AMAZiQ| AMAizio| MA1ZIo|
== T (m) — = T (m) = T (m)
B =| 12 4,300 9 3,100 3 1,200
ZE ol -
e E =] 10 3,500 . . 10 3,500
T
A = 5 1,750 : - 5 1,750
R 1 400 - - 1 400
A8 AR T | 1,200 - 1,200 - -
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(3) Adte] =7
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4.3.2.2 73k, A& 2 n@F}

$Ag olgle] whal del ¥ LAFE AR AGHOR TR
WEFE FAs

F4A [y =b + alog(x+ 1]
LSE X 100GT 100~ 500- 3,000~ 5,000~ 7,000~ 10,000~ |20,000GT
gk 500GT | 3,000GT | 5,000GT | 7,000GT |10,000GT |20,000GT o)A+
2006 | 11 0 1847 | 3063 | 466 190 0 0 0
2011 | 16 0 1844 | 3223 | 489 204 0 0 0
=82 | a |-788.2| -9.7 | 458.7 | 66.5 | 39.4 0 -0.1 | -0.1
A=A b | 380.0 |1817.0/1923.0| 301.0 | 92.0 0 0 0
<E 4-16> 23 &40 st =HA|(RIsE)
FAA [y =b + alogx+ 1]
LriE- X 100GT 100- 500- 3,000— 5,000~ 7,000- 10,000~ |20,000GT
vk 500GT | 3,000GT | 5,000GT | 7,000GT |10,000GT |20,000GT o)
2006 11 | 124 | 151 | 615 0 0 0 0 0
2011 16 | 128 | 141 | 646 0 0 0 0 0
2485 | a | 120 |-285| 87.7 | -0.2 | -0.1 0 0 0
A=A b | 94.0 | 222.0| 397.0 0 0 0 0 0
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<& 4-17> 23 &4 2ot FHX|
FAA [y =Db + alogx+ 1]
d= X | 100GT | 100- | 500- | 3,000- | 5000- | 7,000- | 10,000~ |20,000GT
vk | 500GT | 3,000GT | 5,000GT | 7,000GT |10,000GT | 20,000GT| o4
2006 11 314 888 489 0 0 0 0 0
2011 16 340 952 518 0 0 0 0 0
2482 | a | 748 [1839] 822 | -0.1 | 0.0 | 0.0 | 0.0 | 0.0
AlTA b |128.0(431.0 | 285.0 | 0.0 0.0 0.0 0.0 0.0
(2) YA uETF F4
<E 4-18> 21 g=4of ost AR (OfALE)
F32 [ y = b + alog(x+ 1]
d= X | 100GT | 100- | 500- | 3,000- | 5000- | 7,000- | 10,000- |20,000GT
m% | 500GT [8,000GT | 5,000GT | 7,000GT |10,000GT|20,000GT| o4
2006 11 0 0 733 511 147 128 133 555
2011 16 0 0 758 546 156 135 138 594
=mge | a |-11.3|-46.5| 70.5 | 100.9 | 26.4 | 20.8 | 12,6 | 113.0
AlgX] b 0.0 90.0 | 558.0| 260.0 | 81.0 76.0 102.0 | 274.0
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<# 4-19> =1

FA32 [y =b + aloglx+ 1]
L‘—ﬂ-E‘ X 100GT 100- 500- 3,000~ 5,000~ 7,000 - | 10,000~ |20,000GT
w9k 500GT | 3,000GT | 5,000GT | 7,000GT |10,000GT | 20,000GT o)A+
2006 | 11| O 0 | 138 | 27 29 66 23 32
2011 | 16| O 0 | 144 | 28 23 70 23 33
agga | a | 00 | -95|17.1 | 25 | 28 | 120 | 19 | 35
o
AFA L | 00 1000 960 | 210 | 150 | 360 | 180 | 230
<E 4-20> 21 4o ost FHX(DHE
FA4A [y =b + alog(x+ 1]
15_5:'— X 100GT 100- 500- 3,000— 5,000- 7,000— 10,000~ |20,000GT
il 500GT | 3,000GT | 5,000GT | 7,000GT |10,000GT | 20,000GT oA+
2006 | 11| 0O 0. (=314 0 0 0 4 0
2011 | 16| O IR\ 371945 ¢ 0 0 4 0
2ggs | a | 00 | -7.1 | 694 | 1.0 | -13 | 08 | 03 | -1.0
AR |y | 00 | 3.0 |141.0] 00 | 1.0 | 00 | 30 | 00
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ol 7ol whalk, H&| # mdge] wEFEH FAXE vEoR 20064
2201199 7HE e 49 s FEAE Aeetd v <E 4-12>%

<E 4-13>3 2ok

<IE 4-21> SN uNSE FTHX(LLISSM)
F A ]
78
= 100GT | 100~ | 500~ | 3,000~ | 5000~ | 7,000~ | 10,000~ |20,000GT
ugk | 500GT | 3,000GT | 5,000GT | 7,000GT | 10,000GT |20,000GT| |4
AQFA | 283 2,206 3,867 | 465 139 - - -
2006 | Y94A - 246 380 410 156 171 164 448
Ak | - - - - - - - -
2 A 283 |2,452| 4,747 | 875 295 171 164 448
AQrAM | 305 |2,161] 4,293 | 516 155 - - -
2011 | YA - 288 913 454 ] 191 177 499
A - - - — - - - 63
| 305 12,4491 5,206 | 970 330 191 177 562
<HE 4-22> M usSz FTHX|(HEHO[LHM)
F A ]
LA~ 10,000 ~ | 20,000 ~ | 30,000 ~ | 40000 ~ | 50,000DWT
10,000DWT' | 94 600DWT | 30,000DWT | 40,000DWT | 50,000DWT o)AF
2006 - - 1,923 940 513 898
2011 - - 4,183 2,045 1,116 1,958
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