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A Study on Cost and Benefit Model for the
Operational Effect of Maritime Traffic
Safety Facilities

Prao, Yong-nan
Department of Sthp Operating System FEngineerirng
Graduate School of Korea Maritime Urniversity

Abstracts

In this research, firstly, the analysis of domestic and foreign instances,
the functions for maritime safety facilities, the maritime traffic survey, the
statistical survey for maritime traffic data and the statistical survey for
marine accidents have been done in order judge the economical efficiency of
maritime traffic safety facilities from the sides of economical and effective
analysis against the investment of public works. And the analysis of
operation-effectiveness was carried out under applying in actua maritime
traffic safety facilities after constructing a Cost and Benefit Anaysis for the
operational effect.

The method and process of evauation used the quantitativeevaluation
method which is possible and the case where quantitative evaluation method
is difficult applied the quaitative evaluation method. In this case, it is
evaluated on the basis on an objective information and data or fact, which
is possible. The processes of evauation were divided by 3 phases. The

phase 1 is the pre-evaluation that is done before establishing a maritime

- XVi —



traffic safety facility. The phase 2 is post-evaluation that is done after
establishing a maritime traffic safety facility. The phase 3 is re-evaluation
that it follows the ateration and improvement in change of the lega and
technical environment. And an anaysis for the operational effectiveness will

be practically carried out.

The cost and benefit model for the operational effect was established
by classifying the transportation, safety and other benefit. The loss evasion
expense which it follows in marine accident decrease was changing at
monetary value, and the safety benefit was produced from it. By calculating
navigational time, the operation timely shortening ratio which it follows in
decrease of navigational time and an operational curtailment expense

produced as the transportation benefit.

With the technical advance, the existing maritime traffic safety
facilities are changed in demand of the new equipment. Other benefits were
produced from the different characteristics between the old and new. The
method that each item became quantitative proposed.

The proposed cost benefit model was applied with the evaluation for
Incheon tidal current signal station, Mokpo Aton monitoring and control
center and Jindo coasta VTS system after producing the benefits and
calculating the costs.

The all results of cost-benefit were bigger than 1 and the all net
present value were bigger than 0. And the economic interna benefit rate
came out a large scae compared to the social discount ratio. It is likely

that it was evaluated that it has propriety economically.
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2) The Royal National Lifeboat Institution(RNLI)
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<E 2-12> Aol de VIS 0tE

_ Class 1 VTS Class 2 VTS
e TE =z TE =S
059 =¥ g 0.7 1 0.6 0.6
065 B ~= 0.6 1 0.5 0.6
066 < H| 0.6 Il 0.5 0.6

<E 2-12>% =H oA VTS 194 FHZxolA o] gle v 2¢
Aol e &% A5 40%7F g s eleta o g,

<E 2-13> =1 x| oA
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3 < 154 2¢HA) 15+ 2¢H 7
NO VTS NO VTS
VTS VTS VTS VTS
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065 2.0 1.2 1.0 3.93 3.93 2.36
066 43 2.58 2.15 2.67 2.67 16
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A7 A= A APAS, 2D =8 T owWolxe] wge 7 VTS
A G&el dd JERNT 24 VTS gAle] EQETE No VTS 48
NN FAFOoEA AL

<E 2-15>% AWe Fad o] VIS T&AS welFrh

<IE 2-15> 059X oM elH =2 VIS 284

(Eh#: 1,000 2 E)
TE #z FEI Hx
Q17 o] 7hA
VIs1 | VTS 2 | VIS1 | VIS 2 | VIS 1 | VTS 2
GO 161,743 117 154 0 21 117 175
WTP
1,170 1,540 0 210 1,170 1,750
1,617,430

GO = Gross Output
WTP = Willingness to Pay

_37_



<¥E 2-16> 059 A|HollAM elHF=xo| VIS 242 e IHA|

s CE FE% 2%
Q17 9] 7]
VIS1 | VIS 2 | VIS 1 | VIS 2 | VIS 1 | VTS 2
GO 161,743 1.46 1.92 0 0.26 1.46 2.18
WTP
14.58 19.19 0 2.62 14.58 21.80
1,617,430
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1o,
ol
o
o,
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N
al
O
=~
N
2
o
4o
[
9
K
[N}
L M
o
<
—
09!
rir

Eia VTS 197 VTS 284
A ut 0.757 2.667
Mube] A
3= 0.950 2.925
2 0.016 0.151
2 uko] A7} 3 AdnFA el 0.027 0.085
=% = 0.760 2.172
5} 24 A 0.005 0.015
Aqure] H] Al 7k 0.049 0.100
=74 %3 2.594 8.115
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<E 2-18> 059 ol Holl Aol VTSe Azkst=l H| 1 ol
(che| @ wiotole =)
3} L= VTS ©4 1 2A 2B
H
o1 % 9
] 1.46 2.18 2.18
GO7}A]
o1 H % 9
14.58 21.80 21.80
WTP7}=|
A aka} 315 o
o) gk &= ok, 32.33 101.13 101.13
S
=79 GO 33.79 103.31 103.31
Z7 o WTP 46.79 122.93 122.93
H) &
VTS ARy} £ 1.58 3.23 10.64
Hol-ul &
GO +32.21 +100.08 +92.67
WTP +45.33 +119.70 +112.29

vl g3 A=7F F7beke 2B Aol 2ARY Hefo] A gu. H o %
= EHE PN VTS =H gy B Aol ARSE ZAPYH I 7EA sl

EE @AY VTSl dial] ofF A9 WS BojFa st
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<IE 2-19> 059 X|Hofl M2l VTS2| H|EHH|E

T VTS @4 1 2A 2B

B/C GO 214 32.0 9.7

WTP 29.7 28.1 11.6
<HE 2-19>% o] ATl Hrid WL EE dA L] VTS A HGEt
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<E 2-20> X9 0590 A VTSel MafsteE dH| g1 Ho
Riges VTS @4 1 2A 2B
A
Az
_ 0.117 0.175 0.175
GO7}A]
I % 9
1.170 1.750 1.150
WTP7}4]
Akt 3= ol
ol ok Aok 2.594 8.115 8.115
=43 A4
9 GO 2.711 8.290 8.290
FHY WTP 3.764 9.865 9.865
H] 3
VTS 223 & 0.127 0.259 0.854
Hel-H] &
GO 2.584 8.031 7.436
WTP 3.637 6.606 9.011
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oste] iAo, wAmE 9 s Aol Y= msAwwe] s 3
A @370 Aehe gew, Ao VIS Auug @ e 592 A
Z3lo], VIS Aulel 9% Aote Az AL

F\

2. AA

A AFA ¢ The US Department of Transportation’s Research and Special
Programs Administration’s Volpe National Transportation
Systems Center, VNTSC

AAAZE 1990 2 F-H 19914 8¢

ZAA A Ak, AA ERE 2 B F ok doke] 9= Al Fwuko]l |
23782 1o

ZApgEe A8 23R 2A WATY R T AdelA AYS 1ol

A Thed A A AslE Sk AFSdaTh 1599 HA VTS vAt
AHE A ste], 1o AH vE W FARSFHE FAu AAE ek
o) A7 F Ao VTS Anl, o] oa ga(Fae WA stse Auk A4 o
ogk Jsfole] AAE), 2E]i 1996-20101d Atel o} H g3 FHES W)
vpAlgto 2 VTS Hlg-oluk Ab3sl % dele 59 a3 v o7 va= £
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gt}
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<IE 2-21> DAL AMnAF

Casualty Counts From CASMAIN Database, 1981-1990 (Includes Tankers,
Dry-cargo, PassengershiP, Barge and Tug/Towboat)

All Cause E.C Addressable
S S 7,217 2,414
== 2,817 1,165
q= 4,004 1,609
<E 2-22> d43YH 37[Heo| &4d MHA
T Ht F B8 1,000€ 2 (19954)
Bz 2= q=
oANd 9 1,470 1,810 1,590
B 670 950 920
AstEd oy 330 1,510 1,920
Ok 320 1,580 2,010
B 660 740 730
T2 A 4,030 8,900 8,610
=% 720 2,250 1,930
B 240 820 500
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b : billion m : million

e e 7 0] u] 4 E EEECEELE
(Bi=Lo-Li) (Ci) (Bi-C1) (Bi/Ci)

. ECs @50/25/25 2.09b 750m +1.34b 2.8
. ECs @25/10/10 920m 750m +170m 1.2
. ECs @50/1./25 530m 100m +430m 5.3
. INS @ 75/50/60,

1.02b 150m +870m 6.8
A 9,
. VTS in all PNS

840m 340m +500m 25
ports
. VTS in positive net

) 770m 190m +580m 4.1

benefit
. Double hull fot

1.4b 6.1b -4.7h 0.2
tanker
. INS and VTS:4¢} 6
oA 1.6b 340m +1.2b 47
. INS, VTS and

2.7h 6.4b -3.7b 04
double hulls;
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s oAbl 24

& A EA
1984-19882] 3= E o] TH3 ol &= (F=A)

36.6-45.073

1984-1988'd = E Ao wAF Aol 28 (FH)
60%F-74%F e

1984-1988\ a2 Ao A HA=e(=A)
27x10°6 - 43x10°6 USZ& (X H104d)
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ot 100GT o] 500GTv] vt 424
500GT ©°] 4 176
<E 3-6> dutseto] MB/EZ W Al =MIHNSP)
(Eh9l: of 2l/H)
T TR GO E
100GT | 48| = ~ - 8.0 - 5.6
100GT |  500GT | 20| = - - 224 | 59.2 37.6
500GT | 1,000GT | 472 | 568 | - - 35.2 | 136.0 88.0
1,000GT | 3,000GT | 768 | 648| - 672 | 624 | 232.0 144.0
3,000GT [10,000GT | 144 | 1200 | 128 | 144.0 | 152.0 | 360.0 152.0
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<E 3-9> YgtMute] ME/EZH MR

chels orel/A, o)
B T N T

100GT 96 - - - 144 - 103.2
100GT 500GT 120 - - - 192 144 136.8
500GT |  1,000GT 144 480 - - 240 288 216.0
1,000GT | 3,000GT 192 624 - 288 | 336 576 373.6
3,000GT | 10,000GT 240 316 288 720 | 480 816 336.8
10,000GT | 20,000GT 336 | 1,104 3841 1,104 | 864 | 1,632 505.6
20,000GT | 50,000GT 432 | 1,440 480 | 1,440 | 960 - 484.8
50,000GT |100,000GT 643 = 912 | 2,400 | 960 - 883.2
100,000GT |150,000GT = = - | 2,640 | 1,200 - | 1,200.0
150,000GT |200,000GT - - - -1 1,920 - 1,920.0
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DCy © 17 &40 §Cd9/d)
DCar : Ababe] o4 o] o Gk FigR)/ o 211/ A2 (3 91/d)
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st=d | A8 | UMd | LNGA Ll
100GT 90 90 90
100GT 500GT 560 550 559
500GT 1,000GT 1,400 1,000 1,500 1,413
1,000GT 3,000GT 3,700 2,500 2,400 3,700 3,694
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<E 316> E/E=HY == HME2(FLR)
A e SRR
100GT w] gk 0.44
o) k52 4 100GT °]% 500GT ™| &t 0.44
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P B S Bl 0.5
zalz KIS K| 0.8
LPGAl, LNGA 0.5
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9k up 0.5
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(CHel: BHA - Al
EH T AE T
100GT 0.8 - - - 1.3 - 0.9
100GT 500GT 1.0 - - - 1.7 1.3 1.2
500GT 1,000GT 1.3 4.2 - - 2.1 2.5 1.9
1,000GT 3,000GT 1.7 5.4 - 2.5 29 5.0 3.3
3,000GT | 10,000GT 2.1 7.1 25 6.3 4.2 7.1 29
10,000GT | 20,000GT 29 9.6 3.3 9.6 75| 14.2 44
20,000GT | 50,000GT 3.8 125 4.2 125 8.3 - 4.2
50,000GT |100,000GT 5.6 - 791 208 8.3 - 7.6
100,000GT |150,000GT = 3 i 229 104 - 10.4
150,000GT |200,000GT o » 3 — 16.7 - 16.7
F) E B9 & Zof 7|ME TodurMel, o2t 2k MEZ/EgY B4Hd[ o of st
0 SZCto| lEtsts Mute] MEH F EFE 75 ot 48,
Z) RORO M, W& #HOHM 2 Ltst=MdS X E8trt.
<E 3-25> EEY CHRIAUHY &4 E(0 M)
(cHel: & 21/Al)
=9 T AZbG 5§
20= o] s} 38
20~100= 72
100~500= 183
500 =3} 394
F) TSH 82 B, MYy, M| E 2T
2) FEAIZ v g AL
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CTVue =TlF 9 @A Asts F5 kd A8 9] (2 /freight

ton-A])
CSu : =l F 9 g9 dAstE F5 kd Az 3t& F(freight ton/d)
1A FE

QA ow ool Aoy g, F¥o] w944 (2, ROROA, V&
AdelUios F459E 3E8) 099 FBL Az X7 Fomw FEA

=
1o BEe B BT 544008 AEe) o4 o2 F fe Rl Aol
U sg Az g, Adelud 149 A4 Adeld A%, tulTd w44

AAsk= Aol ofelE A= <F 3-26> ~ <H&

d

=g Agug RS BPks Aol 71FR: Fue 54T F U
A%, BTG Adeld B, TR GAAAN B AW HFEFS AT
ol gy Bl s FUEAZ ot AeEm, ANAEF, AL

<I 3-26> thelF9 #EHOlH =t=2f AlZtH|E

= ZH oY 27,0004 /TEU- A
4 AEleld @ 14,0009 /TEU- A

<
T
=
T

< 3-27> ZHolHM 18T XA ZEH O M LS4

Y = (0.068 x - 15.129) x A 2 4&(0.8)
o] 7|4, X = EF(F EF/%)
Y = Adoly A /N5 (TEU/Z)
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<E 3-28> OiFY ZEHoOUH 1TEU & =& 2=
el AHeoly ITEU F % 3t=% = 15 revenue ton/TEU
<E 3-29> [T chAXMA sESAZE HE
A &
T RORO 4
ok AdH oY e
TS/ AT 284.0 38.3
Bk s 101.0 13.6
stet/aHTHFE T 109.0 14.7
NAETRF 5 106.0 14.3
3 110.5 14.9
F)ES TE2 4 ES2 9 olEdYE ALEStR, st5E TSt A F.
<¥ 3-30> 2|, ROROM 1M E HMrts s=2
A TE AAE eS| (1Y 5 e
o] A ] wl (metric ton/#) (metric ton/#)
100GT 500GT 64 0.5 32
500GT 1,000GT 147 0.5 74
1,000GT 3,000GT 175 0.5 38
3,000GT 10,000GT 892 0.5 446
10,000GT 1,671 0.5 836
F) HMIls == 20039 5° SA, st A= HE 2o sfMdED U

£ Halel A&7t

=

o — T

(10 AHollM &H&
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<¥ 3-31> Wg Aoy 1M

HM7ts =t=2

ed e Ak SHEF |14 S BEY

o] 4 ) gk (revenue ton/Z]) (revenue ton/#])
100GT 500GT 888 05 444
500GT 1,000GT 888 05 444
1,000GT 3,000GT 960 05 480
3,000GT 10,000GT 1,640 05 32
10,000GT 1,671 05 836

F) HMIts =2 20034 A, Fatstl U= g 7| #AHOIH 2ol oY
Melo] s e Helol Mo MAIts wHEol 5 H$o HEol4Y
51228 freight ton/TEU: 2R odol A ZElo[e £2& 5ot 2Ysd s

£ 2k(freight ton) AHE)

t>

0

<3 3-32> Freight ton(FT)2t H E 2 E(MT) &t A 5

3= S MT/FT
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(Ehel: A

o

)

A% | DR | OC | DC; | DCs | DCs | DCy | DCs | DCs & |IR(%) ADC
2005 0 476,873
2006 11 1,042,920
2007 18 1,099,668
2008 25 1,156,416
2009 32 1,213,164
2010 39 1,269,911
2011 46 1,326,659
2012 49 1,350,980
2013 52 1,375,300
2014 55 1,399,621
2015 065 | 0.67 |16.744.931| O 0 1023 0 |085 53 1.423.941
2016 62 1,456,369
2017 66 1,488,796
2018 69 1,513,116
2019 73 1,545,544
2020 77 1,577,971
2021 81 1,610,398
2022 85 1,642,826
2023 89 1,675,253
2024 92 1,699,574

A 27,345,300

D) Alvreabel & 8DC
T ] & H| 31
o k- =
Qg PSR/ 0.67 dd A dTocs
A4
At e g (o 9/d 16.74
2) AutR 717F 5 &40 8(DCy)
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<E 4-21> X 2AlH|E 2 izt Al2lH g HzH g
o1 1000% o4 [ Hw q2oau g [@aiae] A 4 A
- Q131 5 () () P A 4(89)
2005 13,179 10,966 72,260
2006 13,384 10,966 146,769
2007 14,250 10,966 156,266
2008 15,108 10,966 165,674
2009 15,959 10,966 175,006
2010 16,303 10,966 184,262
2011 17,640 10,966 193,440
2012 18,002 10,966 197,410
2013 18,366 10,966 201,402
2014 18,733 10,966 205,426
2015 19,103 10,966 209,483
2016 19,568 10,966 214,583
2017 20,034 10,966 219,693
2018 20,499 10,966 224,792
2019 20,964 10,966 229,891
2020 21,429 10,966 234,990
2021 21,893 10,966 240,079
2022 22,357 10,966 245,167
2023 22,820 10,966 250,244
2024 23,283 10,966 255,321

1) CVME o] &3¢k A & AH] - (WTP; willingness to pay)
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SV =1V x (1.0 - 09 x UT/ET) + EA#

= (685,305 + 136,436) x (1.0 - 0.9 x 20/30) + 52,480

= 328,696 + 52,480
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381,176(x
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1) FAH:



ARS A3} 3314
2) Rl 32,0008 /3] x 43]/:d = 1,280,000 €/

3) A7 89x /4 x 124/ = 10,3083 ¢/ d

(Ehel - ©§)
T A8 & (kwh) H] & v
14 5,894 755
24 8,345 941
34 6,299 796
44 4,747 690
54 9,143 966
64 9,405 976
74 5,624 730
84 5,430 885
94 6,125 989
o ¥t 6,768 859

4) AN7H]: 33,249 /A x 291 + 28781 ¢/ x 291 = 124,060 ¥/

T 6% (125 %) (105 %)
7] = 22,183 18,622
A 1,849 1,552
N R =] 720 720
4] & 2 1,560 1,560
A oL 2,061 1,730
1l EH 2| 1,560 1,560
R Et] 1,860 1,680
R R 616 ol7
AdLr+ 480 480
S B =t e 360 360
Rl 33,249 28,781
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12,929,704 %

AR 2 o F)

(&, 8
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= 258,594%

x0.02
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4.14.6 37t A E

1. #Ho o AAZMA AAHEC]IFd %= 20054)

(Shel: )
- ‘L{”Ti‘?n]];ltzﬁ —’F%”Ti::ljﬁzt 715}%945;;]1 7&% _%@'9{

A 9 ;}ﬂ ;}ﬂ A 9] ;}ﬂ 7EA | dATEA
1| 2005 476,895 476,895 - 72,260 72,260 - 549,155
2| 2006 | 1,110,761| 1,042,968 - 156,309 146,769| - 1,189,737
3| 2007 | 1,247,328| 1,099,718 - 177,241 156,266| - 1,255,984
4| 2008 | 1,396,956 1,156,469 - 200,126| 165674 - 1,322,143
51 2009 | 1,560,765 1,213,219 - 225139 175,006 - 1,388,225
6 | 2010 | 1,739,968 1,269,969 2 252,455 184,262 - 1,454,231
7| 2011 | 1,935,873 1,326,720 - 282,256 193,440, - 1,520,160
8 | 2012 | 2,099,500/ 1,351,041 - 306,772| 197,410, - 1,548,451
9 | 2013 | 2,276,220 1,375,363 s 333,319 201,402 - 1,576,765
10| 2014 | 2,467,043 1,399,685 - 362,078|  205,426| - 1,605,111
11| 2015 | 2,673,055 1,424,006 - 393,228 209,483 - 1,633,489
12| 2016 | 2,911,634| 1,456,435 - 428984 214583 - 1,671,018
13| 2017 | 3,169,935 1,488,864 5 467,748 219,693 - 1,708,557
14| 2018 | 3,431,130, 1,513,186 = 509,713 224,792 - 1,737,978
15| 2019 | 3,732,463| 1,545,614 - 555,158 229,891 - 1,775,505
16| 2020 | 4,058,476/ 1,578,043 - 604,357| 234,990, - 1,813,033
17| 2021 | 4,411,100, 1,610,472 - 657,579 240,079] - 1,850,551
18| 2022 | 4,792,418| 1,642,901 - 715,164 245167 - 1,888,068
19| 2023 | 5204671 1,675,330 - 777,422 250,244 - 1,925,574
20| 2024 | 5,623,443 1,699,651 - 844,752| 255,321| 381,176 2,336,148
gt Al |56,319,634] 27,346,549 - | 8,322,060| 4,022,158| 381,176| 31,749,883
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2. 149 A A ECIEDE: 20054)
(el A 8)
- A4 Cy AN Cy 4 299 Con | wgg
e Mg | @AA | we [AAAA| we | @Az | BATH
1 | 2005 |12,929,704 | 12,929,704 - - 177,792 177,792| 13,107,496
2 | 2006 - - - - 284,023 266,688 266,688
3| 2007 - - - - 498,292| 439,324 439,324
4 | 2008 - - - - 634,949| 525,642 525,642
51 2009 - - 223,485 173,720 676,221| 525,642 699,362
6 | 2010 - - - - 720,175| 525,642 525,642
7 | 2011 - - 3 - 766,986| 525,642 525,642
8 | 2012 - - - 73 816,841| 525,642 525,642
9 | 2013 - % = - 869,935| 525,642 525,642
10| 2014 - — 7,618,836(4,322,571 926,481| 525,642| 4,848,213
11| 2015 - = . - 986,702| 525,642 525,642
12 | 2016 - - . = 1,050,838| 525,642 525,642
13| 2017 - - = = 1,119,142| 525,642 525,642
14 | 2018 - - = - 1,191,887 525,642 525,642
15| 2019 - - 419,512 173,720| 1,269,359| 525,642 699,362
16 | 2020 - - - - 1,351,868| 525,642 525,642
17 | 2021 - - - - 1,439,739| 525,642 525,642
18 | 2022 - - - - 1,533,322| 525,642 525,642
19| 2023 - - - - 1,632,988| 525,642 525,642
20 | 2024 - - - - 1,739,132| 525,642 525,642
A 12,929,704 | 12,929,704 | 8,261,833|4,670,011| 19,686,672 9,819,718| 27,419,433
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3. W3} wge] HrA :
e e & A 7Hx) (21 90)
7 o) &
1 2005 549,155 13,107,496
2 2006 1,189,737 266,688
3 2007 1,255,984 439,324
4 2008 1,322,143 525,642
5 2009 1,388,225 699,362
6 2010 1,454,231 525,642
7 2011 1,520,160 525,642
8 2012 1,548,451 525,642
9 2013 1,576,765 525,642
10 2014 1,605,111 4,848,213
11 2015 1,633,489 525,642
12 2016 1,671,018 525,642
13 2017 1,708,557 525,642
14 2018 1,737,978 525,642
15 2019 1,775,505 699,362
16 2020 1,813,033 525,642
17 2021 1,850,551 525,642
18 2022 1,888,068 525,642
19 2023 1,925,574 525,642
20 2024 2,336,148 525,642
& 31,749,883 27,419,433
TAA A () 4,330,450
L 1.16
W39 & (%) 9.18
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<E 4-26> €& zU=2tEEH(m/s) ¥ =&
|
o, 19 |29 139 |49 |59 |69 | 7€ |84 |9¢ |10€(11€¥ |12¢ | A3
3)
o 240]232]267[220(228(254[220(35.0[27.1[25927.6]250 35,0
"7 INNE|NNW|NW | N |SW | SW NNW| S | NE | SW |[NW [NW | S
NERRPIPNES
4223 9=
<HE 427> HT 109(1995~2004) 5 ¢t MEl(BE 9 A% T Page
v BF dFF2A, Aol dFS v AL 1040, I T FTAlo] B X
R (FAE)S BHE A4k 13 AN Aoz vy
<E 4-27> A2 104(1995~2004)5 oF AMsflof 2sts ol Ef=E uzt
= v (m/s) P o1
TE gy I T e A I R
| F . | =532 4| (mm) | (hPa)
B = S e =
1 19507| Janis |95. 8 25~27|187 SW |235 SW | 3975 | 9953 |A 3 (%)
2 19905] Neil [99. 7. 26~28]142 NE 268 NE| 137.0 | 9838 |A 3 (24
3 |9907| Olga | 99. 8 2~4 (307 S 400 S | 2960 | 9746 |l A5
4 19917 Ann |99, 9. 16~19]152 NE |198 NE| 851 | 993.1 |A (A1)
5 [0004] Kai-Tak | 00. 7. 10~11]192 S |22.6 SSW| 1925 | 10034 |dsi(e}2), A
6 |0012| Prapirron |00. 8. 31~9.1/474 S |583 S | 995 | 980.1 |Aal(ZA+%)
7 10209|Fengshen| 02. 7. 26~27206 SE [302 SE | 116.0 | 9909 |si(z2h, A5
8 0215| Rusa [02. 8 30~9.1]437 N [567 N | 8980 | 962.6 |« = (3 4})
9 |0314| Maemi |03. 9. 12~13|511 N |600 N | 4100 | 954.0 | = (3 2})
10 [0415] Megi | 04. 8 17~18|241 NW|461 NW| 3345 | 9732 |2 = (24
* XpE o 7| AHY
£ (1) 2Lt YES F EE = A0 EZ50] 139m/s 0/ote] EHES M 2 A|
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(0) sk o (e XY AESo0| A Zetyd 2
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ADC

DR x OC x (DC; + DCz + DC3 + DCy4 + DCs + DCq) x (1 + 678 )

(0.73x0.05)x1.667x(5.645+0.767+0.056+0+0.037+0)x (1+0.85 77 )
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A% | DR | OC | DCi | DCo | DCs | DCs | DCs | DCs § |IR(%)
2005 0 39,580
2006 33 50,682
2007 55 58,084
2008 78 65,822

0.73
2009 100 73,223

x |1.667]5.645(0.767|0.056| 0 [0.037| 0 | 0.5

2010 122 80,624

0.05
2011 144 88,026
2012 156 92,063
2013 168 96,100
2014 181 100,474

A 744,678
1) AukEabe] =21 4(DCy)
TR & H] a1
A A AF(OC)E
% HEEAAS(ED) 1.667 pa oo
A A
Abag Harnlg(o] 94/74) 5.645

- 182 -




=l Elel S
T M S|I2 5D N SIS s
e I P R R B s b e 3E g8
gl I b R B R A R L e R E P ST
= | 3| 0| < 3H4%,
Em/ooOAA &N}
Dol TSI g 882 F] S N
S RIS O,29O40, | o
oo = S N|— A~ H IR
N
N Sl R E
%8%4000040004 =
Mlu(\l ~| B D IGBGIOOM%M W
E Nrololo ~o ~ |
o Py Mt Mt < <o %o |=o| %o X0 | %0 | %0
LS R /!
gl B g oﬁm < oﬁm LR RCH ) )| 4 o | ofm A | & | A
b = EEE|E AT | T || 5| [ | Bl |
0
Ro| |Ro|fe| | Ro|Re SIECIEIE=
el NEEETENE 3
~ Sl =% I8 ®Q =
RS R PRI | S| S Q2|3 S
w S > > < | S 13%7NB5M%
N | X
Mo ||| = | = | " % % | % = &
7 N1 o | 20 o | 2| g | X = ||| " ks =
o |5 =% |22 7| 25| N | T 5 |2 7 |5 | e |
w T 2w k|0 T | ° T G
z T A~
— || ™M <t Lo ﬁi Juﬂ/.ﬂ_
2 ; © |r~]o0 o S B gr
i NN R 50 A |H|A] A -
< | x| < < < x| < < 1 =
< |Ix|x 83 < b

- 183 -



1]

H] 8- (DC3):

ﬂ g}
4 ~| %2
_lanu7 —
e _
= ()
0 (]
o 7178 o
T S S S S ;
0 -
. 4 & =
S = >
= I B B el o Bk :
: = 2 Nfo
: —
- o 4) 2 :
= | 2 o212 ).
= | = I < | & -
e \ | A
s
=) ar :
ME JwAIL () () S () HT
olp ;
T3 5 1_
o = om =z
ﬁ 4 o 8 ® : < -
—~ ~ O L N " i ~
= | =~ o/ Ay P | ; :
LS i o 4> 3 S| T oF . .
R S| o ; £l it U e do <
e o [l oy N = = ~o Mﬁll < = = v % .
% Tl ilE i SEEE R | ZIE| s . 5 g
i Sl N I a = el B e I ) = i .
Sl z = a h P m = =2 A K ©)
: : - &o oy X @) - 4
aF : T || i <A —_ &3
Tz = - o = w XK /D\ T
: 5 Jﬂ Nro 7 1 m Be o"_o ﬂﬂ 7i ‘;L
1@ _H Iy : ® = | X | Y or wE T
= | X | iy i = w * mw
: " _MM = o] mny o)
- " T ~ T o
= 1) - R ﬂ 5
N g X
3 X
N . 22
4 —

- 184 -



2 A o]

=3

)

oV

T
=
i
M
o
I

ﬁo

2 AE A

KO
H
Hr
a0

-
1o.

| =S
oF &K
~—
<t
o Wiy N
N <t
o
OOﬂNE
o}
Nofo[onac v~ oD
S SIE|S|N|X oSO RD= || D
— ~ TS| = O M| =S|y S
Bl R | o || S| TS | | o
ET — | — NN~ |00 — = = =
nal —
o O
~[ =D~ |D~| D~ | D> e~ =<
NS S T N N N
N | | | | & NN ||
S = = — | = (=
i
~—
SRR EE R EEEEERE
o DR FISIS|TF|ISISSS|IS|F|S
T 2SR (Rq|0|CINS| S ] F
3 _|o|ldS|o|a|o| |l od| o= |- || | o
Ao O | N |
-(\
Q
F—
hc.wﬂ/m55555 ) it =2t
R R R A b 2/g/g/2|2
o}
~ 1S lelee|e|=FlIale2 oS =
N S| 8|68 6| || S| S| S| S| ST | m
~ 12222 |2|d| 2SS 2|2|2|d| 7
RIKISISIS cl ESIESIRSIESIRSS OJE
QAQIQIQ SUSISISIS
i s ok
i+ & B
OT._ OT._

S

Z=35}7]

)‘\l_

HA

=

Ho

~

o|
%0

S ol Ak

A 7F 7]

hyA
It

1

;OO

o

"o

f

O]E

sheach

BrZ AA

<l

oV

7

oy

~
R

o

5}

Al TALAo| A =

Eil

o] t}.

\=]
fLE

<

or
B

i

S

o
s

jng
7o

o
w
..AO

AL
1o

o

A7

-
L

oA =]

A Al o] 100% &3 A FEstozH

2 H

- 185 -



7
: m R Mo -
- H 7 7
" o Mm G
NE R
| B i T*
I 3 = A i
. o @ Tl
. : - F: N
: 3 | Mo A
AR of | B ) wt = %
i o of ol 3 B
~ N . =15 9
: 7._ - o (@)}
o E A N EEH
Flo|lxo|lo|—~ o LU e AEICIRIEIE
1__/| 5 4 g 7 2y y & P ZH < — D <t Lo o~ OJ’ -
ol eS| 2B 5 ) B = o I I ” 2|3
: i : ilg|g S = = oF | — ™| 0
i 0 |X e . : |
o < Hr =K iy I 25 —
BK o 4
- = ) = i
: ; 2 o, ¢ j
He OH W “ 7
X n_Al ,Nr‘_ N
3 N \mw 1__/|,._ _.I ‘M_l
o EA.u ‘e ) :
0 _ ﬂr
o < i R % vy :
#E a ‘ul _Z._O
=0 4 z )
< v I : g
q R % |2
id By < < =i
™ ~ = s = = : b
o | # | _ o e il DB B A
- o | =T oo S o i w| 2|
~a - Yo | o . ofF = 21 T M |k -
X EO o ToR m = X ~X ol JL 3 L . - B ‘_uwwH z
o T w o Y < H T ;
il ™ & o o >
o3 I ; .
N T " :
% oo B 5
faN]

- 186 -

st A% 71 21 o)

G



FAEGH (AL ) 0 F AR 1.843,713(H ) x 0.02 = 36,874(X )

3. 7441 H]
Z2A A A2006-15 “WEAG AT FAG HE Hofue A 2F
WAAAA T FaAANGAAN Jdgr e Fagn s Sdvtty A

Chowheb A A1 71 7R 2009 o A gk

A FYEE 2dS F/E FUFOR 1 1 B4 AT FuE AT
Fogle] Awe gulAAst AT T, JPLER} EALFR FO

4.24.4 A7k} A3 H EAds
1. A7 3k (n): 104

delAlade] Fa Fuldd g g dde] ¥87S aeste] v g R

ok
o
el A4r17He 10802 A Brh

A A ZAEEe FTABLNA FaAH AFM ] AND 65%

et
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LA AA7A AAZC]Fd = 2005)
(cHel: M 2)
S ek qul;iH T 9152;“ 71 et *?JI:;H ﬂ% EE |
1 ol = 7 o] = 7 o] = 712 | A 7FA
B I = I R ) = I 7HA]

1| 2005 19,790| 19,790 - - 209,111| 209,111 - 228,901
2| 2006 | 53976| 50,682 - - 445405 418221 - 468,903
3| 2007 | 65880 58084 - - 474,357| 418221 - 476,305
4 | 2008 79,510, 65822 - - 505,190 418221 - 484,043
5| 2009 94,199 73223 - - 538,027| 418221 - 491,444
6 | 2010 | 110462| 80,624 - - 572,999 418221 - 498,845
7| 2011 | 128442| 88,026 - - 610,244 418221 - 506,247
8 | 2012 | 143,065 92,063 - - 649,910( 418221 - 510,284
9 | 2013 | 159,045 96,100 - ) 692,154 418221 - 514,321
10| 2014 | 177,092| 100,474| = - - 737,144 418221 - 518,695

g A |1,031,461|724,888| = - - 5434541 (3,973,100 | - | 4,697,988
2. 9189 A7 AAECIEEE! 20051)

(Shef: HH)
o () AH] Cy B2 H] - Cy A *9H Can »H]%_oq;
vg @A Bl (AAAR]| vE |[FAsx| ATHA

1| 2005 | 1,843,713 1,843,713 - - - -| 1,843,713
2| 2006 - - - - - - 0
3| 2007 - - - - - - 0
4| 2008 - - - -|  44542| 36,874 36,874
5| 2009 - -1 1,414,533| 1,099,549|  47,437| 36,874| 1,136,423
6| 2010 - - - -| 50521 36,874 36,874
7| 2011 - - - -|  53,804| 36,874 36,874
8| 2012 - - - -|  57,302| 36,874 36,874
9| 2013 - - - -| 61,026 36,874 36,874
10| 2014 - - - -l 64,993 36,874 36,874

g A | 1,843,713 1,843,713| 1,414,533| 1,099,549| 379,625 258,118| 3,201,380
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3. e} W g9 HIIAE AER

A A 74
TR
a9 W%
1 2005 228,901 1,843,713
2 2006 468,903 0
3 2007 476,305 0
4 2008 484,043 36,874
5 2009 491,444 1,136,423
6 2010 498,845 36,874
7 2011 506,247 36,874
8 2012 510,284 36,874
9 2013 514,321 36,874
10 2014 518,695 36,874
G 4,697,988 3,201,380
T A7 () 1,496,608
H) g - ol & 1.47
-2 o] (%) 22.14
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ADC = DR x OC x (DC; + DCy + DCs + DCy + DCs + DCe) x (1 + 6/ )
= 0.148 x 933 x (29627 + 53879 + 0989 + 0 + 04615 + 0) x (1 + 0.8

(Shel: o @)
d% | DR OC | DCi | DCy | DCs | DCy | DCs | DCs 5 |IR(%)| ADC
2006 0 22.93
2007 0 50.42
2008 0 50.42
2009 0 50.42
2010 0 50.42
2011 0 50.42
2012 0 50.42
2013 0 50.42
2014 0 50.42
2015 0 50.42
2016 0.148 | 9.33 |29.627|5.3879/0.9890( 0 |0.4615| O 0.85 0 5042
2017 0 50.42
2018 0 50.42
2019 0 50.42
2020 0 50.42
2021 0 50.42
2022 0 50.42
2023 0 50.42
2024 0 50.42
2025 0 50.42
S A 930.49
1) AukEade] &2418]8-(DCy)

A% gelA dolH7h EwHE 20050d%E AT FA 6d1H1999

- 207 -



oo wiz wAT 5 Adm 7K

A

!

NIl

o] VTS A=

o wEkAd withAl 9]

w] & o]l withoutA] ¢

ki3

oo

X

al

14.82% =
(=18.0x(1-0.1482)) °]

o] o

o
4

=] 7]

A
e

o

—

4-64> off LFALL 247

<

!

FAF00)=2 24

A7t

9.33

2963

il

ﬂnﬂo

ﬂnﬂo

A 8-(DCo)

A=
T

"

HA 61 7H(1999d ~2004) A

axe]

B

e 2 A3 5671 ¢

= Aks

ol
ol

Al
=

4

H] 8- (DC3)

el A 6

K

< A szt Addd 134

sl

N

A%

o2 AAEAUG,

2]

98,9047

op

4
sl

H 4 (DCy): 3}

N

4=
.

AbaL 2 2] 8] 8- (DCs)
A el A A 6d3H1999d ~2004)

).

ol
e

5)

44)

- 208 -



39
180,000

19
5,600
106,400
0.4615

(=]

o=
o

20
3,680
73,600

e 2 A3 3919

1E
)

pus

J

&

Al

4-65> M EFALD K 2[H|
/3

)

fius

A

s
R

&

s

<it
T

fis

o
ol &

/\Elo
] 2] m] -8 (T

&

w2

AbaL A 2w 8- (7

A 2] o

olp
Y
A
oF
nE
o=

H] 8- (DCg):

BH
of
ﬁo

O;

6) &

AVTS A
Eol7ly Aulo]
AR AT S

uto)

_]

903 4

B (TSS)= Hg
S

L B%E B

s
a-

5}

I I NS PN B

9

DRI ES D

2ol
gstetel 7

1

R

=

o

A

5

9

4.3.4.2
o
Aot

_]

s
7
B

0SS

o
o)

ﬂAl
)

=

=

=
=

bol WA #AIAY HEEALG

°©

b7 9

°©

ALY @5Fs A

5}

°.

_ﬂo

—
o

=K

el
r
g
;00

o

oW
oW

=0

Anl

aY

Aol osf TSS7E of

sl
|

L
=

]
)

VTS AIE o

F 20%°] Auko]

ol

£

shof, 2o
- 209 -

)

[e)
< A4

HA

)

s

5}



g o714 54 9 detAe] dAAY dsEe A A= el e
7|Ex Aol o] Course lines 2t=she]l AlAbsilow, HA4o A= <9

4-23>3 o] TSSE ol &ot= A% FAA 66vHd, B=F=2 4% 537

e
e
He
e
B
a

i

Hel(ohg) &3

< Roay=sa
125 £ E
o2k CE=EA 2 A H
¢ SoAAZYsSH B
< 1665 & & <>

- 210 -



‘_Ir‘yl
W N
- e
zn A
AR
M i m
T | < N
=~ &
=
G [
9 M
= Y%
=
—_
lo AN o < <
S o) 4
e IR T =3
“lg8l22/8
bl I =S T B BRI o

- 211 -

/)

J

&

= 7HE& (%)
ukd)

A =(
A (/1)

=

==

=
‘:li‘

TSS &34l Bk

o




o
L

<
oo

4o
G

A

-

] 4 2] (12.5knots) =

5}

I

i

el

A
e

o
ﬂo
N

Bl

)

] 3kol 9 Al

)A

~

B/
B

o

Mo

el

=K

B

P e

~

I

el
o=

s
o8

.
o

B!

oy
B

o

o
o
<

el

0

B
¢+

~

- 212 -



<E 4-67> &S HE AASA
Bt 3 o) % o Al v g4 7ol 5 o
AR D asag (e waa wasdge | (BE/d)
125 1,518.40 996,070 1,868.80 1,225,930 2,222,000

4.3.4.3 ZxE7HA

ZAEAA(SV)E 71719
shARE 71719 ZEAAE WS AFET AFEAFTE A7) "ol 0o ¥ iz,

W o) AHE b 2

ZEEZFA(SV) S ]

Alxbek 2,276,95270 1 o] H T},

FFETFA(SV)E a8 g,

S|
=

SV = 6,696,331 x (1.0 - 0.9 x 2013/106) = 0 (W)
SVy = 4,139913 x (1.0 - 0.9 x 204/40) = 2,276,952(H )
SV = SV, + SV, = 2276952(:1 9)
4344 M4F=
1. 1)
AAdd = Al VISAIE 9] HAAd d9 = Au= va <F 4-68>3 o]
7 gk,
<E 4-68> 7iadu| sg
FAF O (R 9)
AA L9 499,000
A) 2= ) A %) 6,696,331
AEVTSAE A Y 2,410,864
ol Abol EX 1,729,049
2 9) 7+ 1,082,161
PN 12,417,405
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(el #l)

A 2 A5 S 7S Gk
a1 6F 195 & 2,177,400 55,959,180
a7 2 6w 263 & 2,403,100 61,759,670
a3 ) 1235 % 1,658,300 42,631,160
A1 6w 73 % 1,530,200 39,326,140
aE 1 6w 175 % 2,095,600 53,856,920
T2 1 ) 53 % 1,245,200 32,001,640
TE= 2 6w 135 % 1,903,300 48,914,810
T2 3 ) 105 & 1,551,300 39,881,260
715 1 6F 205 % 2,214,900 56,922,930
7% 2 8H 35 % 1,006,500 25,867,050
71 3 8% 53 % 1,116,100 28,683,770

& A 457,120,760

4. 7841 H]

4.34.5 AX713 A3 A FAE

L. A%E71 k) 20
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4346 B7HA &

1. A dAA7tA A RIS dE: 20061d)
chel: Hal)
S % | B 4% 9 Bu do 9]
A= (t) HE7EA
folul & | @474 | Wl g | AAA A 7HA
1 2006 2,293,119] 2,293,119| 1,010,553 | 1,010,553 - 3,303,674
2 2007 5,369,835| 5,042,099| 2,366,430 | 2,222,003 - 7,264,102
3 2008 5,718,875 5,042,099| 2,520,248 | 2,222,003 - 7,264,102
4 2009 6,090,602| 5,042,099| 2,684,064 | 2,222,003 - 7,264,102
5 2010 6,486,491 5,042,099| 2,858,528 | 2,222,003 - 7,264,102
6 2011 6,908,113| 5,042,099| 3,044,333 | 2,222,003 - 7,264,102
7 2012 7,357,140 5,042,099| 3,242,214 | 2,222,003 - 7,264,102
8 2013 7,835,354 5,042,099| 3,452,958 | 2,222,003 - 7,264,102
9 2014 8,344,652 5,042,099| 3,677,400 | 2,222,003 - 7,264,102
10 2015 8,887,054 5,042,099| 3,916,431 | 2,222,003 - 7,264,102
11 2016 9,464,713 5,042,099| 4,170,999 | 2,222,003 - 7,264,102
12 2017 10,079,919 5,042,099| 4,442,114 | 2,222,003 - 7,264,102
13 2018 10,735,114 5,042,099| 4,730,852 | 2,222,003 - 7,264,102
14 2019 11,432,896 5,042,099| 5,038,357 | 2,222,003 - 7,264,102
15 2020 12,176,035| 5,042,099| 5,365,850 | 2,222,003 - 7,264,102
16 2021 12,967,477, 5,042,099| 5,714,631 | 2,222,003 - 7,264,102
17 2022 13,810,363 5,042,099| 6,086,082 | 2,222,003 - 7,264,102
18 2023 14,708,037 5,042,099| 6,481,677 | 2,222,003 - 7,264,102
19 2024 16,682,223| 5,042,099| 7,351,680 | 2,222,003 - 7,264,102
20 2025 16,682,223] 5,042,099| 7,351,680 | 2,222,003 | 2,276,952 9,541,054
A 194,030,235 98,093,000 | 85,507,081 [43,228,610| 2,276,952 | 143,598,564
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2. W] go FAZEA AT EEE: 2006
chel: &8
- A ¢y AN Cy F4 AW Con | g
Y0 Taana | s wana| we | asna| A
1| 2006 |12,417,405]12,417,405 - - 324,523 324,523 | 12,741,928
21 2007 - - - - 759,941 713,560 713,560
3| 2008 - - - - 809,338 713,560 713,560
4 | 2009 - - - - 861,945 713,560 713,560
51 2010 - - 1,408,134 | 1,811,517 917971 713,560 2,121,694
6 | 2011 - - - - 977,639 713,560 713,560
71 2012 - - - - 1,041,186 713,560 713,560
8| 2013 - - = v 1,108,863| 713,560 713,560
91| 2014 - v 3 - 1,180,939| 713,560 713,560
10| 2015 - - 4,224,401 | 7,445,804 | 1,257,700| 713,560 4,937,961
11| 2016 - S = = 1,339,450 713,560 713,560
12| 2017 - - S = 1,426,514 713,560 713,560
13| 2018 - - i o 1,519,238| 713,560 713,560
14| 2019 - - - - 1,617,988 713,560 713,560
15| 2020 - - 1,408,134 | 3,400,466 | 1,723,158 713,560 2,121,694
16| 2021 - - - - 1,835,163| 713,560 713,560
17| 2022 - - - - 1,954,448| 713,560 713,560
18] 2023 - - - - 2,081,488| 713,560 713,560
19| 2024 - - - - 2,360,875 713,560 713,560
20| 2025 - - - - 2,360,875 713,560 713,560
s A |12,417,405|12,417,405| 7,040,669|12,657,787|27,459,242 113,882,163 | 33,340,237
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3. W3} wge] A
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>
r
=3
0
of
W
19
tlo
f
i
o)
o
=)

5w A7FA ()
Bl ol il &

1 2006 3,303,674 12,741,928
2 2007 7,264,102 713,560
3 2008 7,264,102 713,560
4 2009 7,264,102 713,560
5 2010 7,264,102 2,121,694
6 2011 7,264,102 713,560
7 2012 7,264,102 713,560
8 2013 7,264,102 713,560
9 2014 7,264,102 713,560
10 2015 7,264,102 4,937,961
11 2016 7,264,102 713,560
12 2017 7,264,102 713,560
13 2018 7,264,102 713,560
14 2019 7,264,102 713,560
15 2020 7,264,102 2,121,694
16 2021 7,264,102 713,560
17 2022 7,264,102 713,560
18 2023 7,264,102 713,560
19 2024 7,264,102 713,560
20 2025 9,641,054 713,560

gl 143,598,564 33,340,237

AR ) 110,258,327

H G - HeRl & 4.307
W - 2] 5 (%) 73.73
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52
30
o
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4. @05} wgo) A

A4 7HA (1 9)
R
S W8
1 2006 2,293,119 12,741,928
2 2007 5,042,099 713,560
3 2008 5,042,099 713,560
4 2009 5,042,099 713,560
5 2010 5,042,099 2,121,694
6 2011 5,042,099 713,560
7 2012 5,042,099 713,560
8 2013 5,042,099 713,560
9 2014 5,042,099 713,560
10 2015 5,042,099 4,937,961
11 2016 5,042,099 713,560
12 2017 5,042,099 713,560
13 2018 5,042,099 713,560
14 2019 5,042,099 713,560
15 2020 5,042,099 2,121,694
16 2021 5,042,099 713,560
17 2022 5,042,099 713,560
18 2023 5,042,099 713,560
19 2024 5,042,099 713,560
20 2025 7,319,051 713,560
A 100,369,952 33,340,237
SAA A (2 9) 67,029,715
w4 - ol & 301
)54 0] B (%) 45.43
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6.5% 5.0%
20d 20
100,369,952 1,233,335,000
43,228,612 v 317
143,598,564 1,233,335,000
33,340,237 57,670,000
110,258,327 1,175,665,000
4.307 21.386
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