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Handling Service of Inchon Port

H S. Hwang - K. S. Kwak

Key Word : A3 (Inchon port), #%EFA 2 (Port physical distribution
system), 97| 3 ¥ o] &(Queueing theory), Al &# |- =3 (Simulation
model), #41-&(Congestion rate), A]-}2] £(Scenario), 7|21 & <9 Y 3
(Queue discipline), ©% A (Single-phase), A]¥]~-&(Service rate),
¥4 A A€ (Transportation system)

Abstract

Ship’s delay caused by port congestion has drawn attention to the necessity for
analysis on overall operation in the port. But, in order to analyze the complicated port
operation which contains large number of variable factors, queueing theory is needed to
be adopted, which is applicable to a large scale transportation including ship’s arrival in
a large port.

In this paper, a simulation model for Inchon Port was developed by the software
SIMAN V and presented congestion rate under a certain scenario regarding the arrival
ship’s number and service levels.

To develop the simulation model, types of ships and cargoes during the 1995 in Inchon
Port was analyzed in advance.
The results of the simulation can be summarized as follows :
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In order to maintain present levels of congestion rate and time with the increasing

number of arrival vessels, service rate should be increased at an exponential rate.

To improve the current congestion effectively, part of cargoes are needed to be

transferred to a newly developing port.

Results obtained from simulation can be used properly to prepare improved service

levels and to plan appropriate investment strategies.

.M &

AHFL £ Ao REo2A 291318
B AFFReld $eiuel A28 Futo g oA}
Moz W59 HAAs|Ao|d, 53] FI}e
T4 FAgelch

253 QAL 2yl $E9185F] AA
go) Az5He WAE dolae Bt ol A
2o AE A AL 32 9% ¢ F £
A9 Frtel® Bty AR $ AA /A4
< 7Agstx gl

A o] FAY FnoMe AAAL MY,
st Au 2 TP A5 gL HE
o) 27} glout, ol FHaF FAAYL oS
3o 2E EAlAe] AN LA; AUe]
229t geba e FAY ANPAL H7
e 7P 221 AW Aduigl & A AH3 3
AAAge AgHo Fe - 3 Aot

£ dFelde QA »rdy 2 AsglE:
8 g solsid A Bl =Y F& o] 43}
o WA QA ALYL MAsr] 1% wer
< A A stzAt gt

12, A7y 3 He

£ d7eAMEe A AA 712" Aute
3}, Aah olet A 59 dHARES ik
2 3lod A& o] = 3(Simulation model)ol 2]
& AA 9 FA FFAu2] A 2 FAHE
sjetslw Adube] AAAIZE 258 5 e Wt
€ zlol 2N FAlo choFdt Aye| e o

@ hhu

Al B S A3t FF A AAd 3
FFolE AFHT otLe] MY LA
o ik /RS A A3 et

2 dFelxe Al Ad84doidl SIMAN
VE o] &3fo] Aarte] AHEA A I LS
TAstE o2 Aldeied dF AR AdE
Wl diste] £A43tqdct

2. olxatel sg

QAL A FAde AdFgele, Hx
1071l 23l Ziuke] Apz2 <y AdslEd 2
HE i3y $sted FHEAAS A3t g
AE AAsge e AT HREA A
ot QA FALL JHFHA] 2= FHH
4] 37T= 33E 54%, 57 126% 21% 00R), 4F=
¥, golx Soio} HEE AA AFT LA
& AdE ole ddezA FAW FEHL
283,170 m', Zk7ke] A7} 9-10v1Ejol v, AAW
WAL 18500 m'ell 4*4lo] 8-137|E o]t

Dy =

QAFe gz TAHIR ARz I
FEHY, PR YFE(FFD)Y FFEA
)2 A", ggEs WX 37120E
Qojxl SR HE BrEPE Ave F271A]9
F2F B39, 2 ZHole & UM =rE, T 14
29g, $AL 15-3071g ¢ 3l A =4
e £A9HE 457 AREE RolA FA
Zog of 47 2rg] Wojxl =T At
A o)At 22+ Fv|Ed F2ARE
Ao sofxel HEARS 25 U3y 5



QHY) AEs $2 % $5Aux A $Ae B A7

29] AHele of 3BH=vEH, F&
£ 11-5871¥] A xo|},

14 27e, 4

% Doe
gotoia)
T Y\/)

Fig. 2.1 Location map of Inchon Port
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Table 2.1 Particulars of Lock
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Table 2.2 Berth facilities of Inchon Port
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Table 4.2 Distribution of cargo arrival time [cargo quantity, service time]

}EEH A7 | P 22 sHEake B B Au|2A 7k B B
= A | -0001 + EXPO(106) 256 + 692¢+004 * BETA(0444, 0.9016) 3 + 216 * BETA(06848, 124)
T E | -0001 + GAMM(35, 0.7049) 119 + LOGN(5.08e+004, 1.79¢+005) 1 + 670 * BETA(1.03, 368)
s+ A | -0001 + EXPO(459) 482 + EXPO(2.04e+003) 4 + GAMM(188, 1.63)

T+ AF | 14 + LOGN(GII, 1.79e+003) TRIA(15e+003, 1.29¢+004, 3.95e+004) 3% + WEB($95, 117)

Z1A% | -0001 + EXPO(342) 0999 + EXPO(2.28¢+003) GAMM(313, 1.35)

B A | 279 * BETA0646, 402) 34 + EXPO(7.77+003) 419 + BETA(05635, 1.75)

A E | GAMM(7LS, 08162) 78 + WEIB(1.21e+004, 0.9619) 6 + 649 * BETA(04126, 4.25)
A A | EXPO625) NORM(4.75e+003, 2.15+003) 2 + LOGN(48.1, 443)

A & | 49+ 59 = BETA(L08, 0762) | 7.85e+003+ 3.63e+004+BETA(0.7652, 0.3%67) | 103 + 278 + BETA(0.9293, 1.31)
4 % | 3+ WEB(14], 09269) 67 + 391e+004 * BETA(0.94%6, 1.79) NORM(785, 786)
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52k | -0001 + EXPO(21) ~0.001 + GAMM(7.08+003, 1.09) TRIA(46, 549, 379)

7+ 3} | -0001 + 79 « BETA(06638, 389)| -0.001 + GAMM(2.27e+003, 1.24) 2 + LOGN(126, 239)

A A | -0001 + WEIB(653, 08591) -0.001 + WEIB(4.28¢+003, 1.36) 3 + 21e+003 * BETA(06581, 13.7)

el | -0001 + 82 * BETA(L03, 507) | 21 + 8.33+004 * BETA(0.6933, 125) 8 + LOGN(1%4, 204)

g = | -0001 + EXPO(614) 4% + ELRA(387e+003, 2) 13 + GAMM(546, 131)
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Z*) Distribution ~ Abbreviation Parameters

Beta BETA (Alpha;, Alphay)
Erlang ERLA (ExpoMean, K)
Exponential EXPO (Mean)

Gamma GAMM (Beta, Alpha)
Lognormal  LOGN (Mean, StdDev)
Normal NORM (Mean, StdDev)
Triangular  TRIA (Min, Mode, Max)
Weibull WEIB (Beta, Alpha)
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Table 44 Cargo handling rate of pier by cargo
(unit: Hton)
}ESFH 145 255 35 455 54-F 635 55 8¢5 | F¢A4
T A 3 E = 319 10 12 0 16 0 71 1198 1626
3HEv S 6.00% 0.19% 0.35% 0.00% 0.29% 0.00% 161%| 34.76% 4.24%
- m | HE 435 1440 304 3033 160 73] 3770 254 9469
B = 3}En & 8.19%| 27.20% 8.86%| 3554% 2.89% 3.08%| 8551% 7.36%| 24.70%
2 A 3 & % 197 M4 105 8 24 32 17 2 479
° 3}En) g 3.70% 1.77% 3.04% 0.09% 0.45% 1.38% 0.38% 0.05% 1.25%
e A 3l & % 9 19 26 0 53 0 0 363 469
31508 0.16 0.36% 0.76% 0.00% 0.95% 0.00% 0.00% 10.53% 1.22%
71 A= 3 & =% 327 45 45 54 25 64 19 3 582
3}2u) & 6.16% 0.85% 1.32% 0.63% 0.46% 2.69% 0.44% 0.09% 1.52%
o A 3} B 129 186 185 396 303 413 11 14 1637
B 3HEv) & 2.43% 3.52% 5.40% 4.64% 547%| 17.48% 0.26% 0.41% 4.27%
A = 3 & % 441 619 351 51 16 0 323 115 1916
3} Ev] & 829%| 11.70%| 10.23% 0.60% 0.29% 0.00% 7.32% 3.33% 5.00%
A A 3t & % 281 89 151 21 10 23 22 68 665
- 3tEul & 5.28% 1.69%% 4.40% 0.24% 0.17% 0.96% 0.50% 1.99% 1.73%
~ - 3t & = 23 17 41 0 39 21 0 600 7411
- © | sEeg 0.43% 0.31% 1.20% 0.00% 0.71% 0.89% 0.00%| 17.40% 1.93%
B 3 3t & 67 27 24 0 23 39 2 606 788]
3} &0 1.26% 0.51% 0.69% 0.00% 0.42% 1.656% 0.03%| 17.58% 2.06%
q = |[HE 1033 924 880 0 584 5 3 20| 3%
| BEE 1953%| 17.46%| 2561% 0.00%| 10.53% 0.23% 0.07% 0.58% 9.01%
ax g [ HER 0 8 0 5 0 186 2 12 235
3} g8 0.00% 0.16% 0.00% 0.06% 0.00% 7.85% 0.54% 0.34% 0.61%
A X 3} 3} & % 79 143 112 724 3223 12 1 0 4294
3} E0§ 1.48% 2.71% 3.26% 8.48%| 58.15% 0.49% 0.02% 0.00%]| 11.20%
2 3 3} & % 733 726 282 73 138 79 44 49 2125
3} Eu)-§ 13.79%| 13.73% 8.22% 0.86% 2.49% 3.33% 1.00% 1.43% 5.54%
) A 3 & = 1116 792 784 1494 725 743 89 132 5875
3}2u) & 21.00%| 1496%| 2281%| 1751%| 13.09%| 31.45% 2.02% 3.84%| 15.33%
sqoy |SHER 2 40 %] 2646 31 3 3 8 2818
3}Eu§& 0.51% 0.76% 0.72%| 31.01% 0.55% 1.62% 0.07% 0.25% 7.35%
& o 3l & % 94 112 108 29 171 635 10 2 1161
v | 3ENE 1.76% 2.11% 3.14% 0.34% 3.09%| 26.89% 0.23% 0.06% 3.03%
A A 2% 5313 5292 3435 8533 5542 2364 4409 3447 38335
A A 380§ 100.00%| 100.00%| 100.00%| 100.00%5| 100.00%| 100.00%| 100.00%| 100.00%| 100.00%
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Table 4.5 Reliability of cargo quantity and vessel tonnage

Exran < L
2 A 1, _(X—20325.425)°
o 1766.140 + 0.667+X + 1.98x 12238909.64x[ 1 + o + (X 20320.42
_ 2
T B |6452.781 + 0551+ X + 1.96*\/39337614.06*[1+§5]3 + XL M- |
Z A | -897.0889 + 1.457xX + 1-96*\/8292910*[”%96 + i ]
2
T A} |5132.847 + 0.732xX 2.069*\/36397272.58*[1+% +—(—L8m'-56)—X2§22501024
_ 2
AR [1997.214 + 0.459xX + 1.96*\/36300295.38*[1+'2—5% + (X 2T BED) ]
_ 2
% A |6045.587 + 1.I51xX + 1.96*\/63140034.73:[1+§}3 + XS 28 |
_ 2
AR | 106.546 + 0.9190X + 1.96w) es3917208.80[ 1+ L + -(X= 1438 0
R 1, (X—4748.493)*
A 793.481 + 0.742*X + 1.97*\/2551101.599*[1+ 140 + 649416389 ]
_ 2
& F | 234.732 + 053X + z.os-J2378913.333*[1+l + XS )|
2
o4 9 3110.847 + 0.558*X + 2. 006*‘/6402735 596*[1+_ + X5280012895 ]
_ 2
QA = |2655.306 + 0.842+X + 1.96*J 19436588.14*[1+ + X Bz A
(X—5584.762)°
AT | 10054.371 — 0.057*X + 2. 021*\/66666090 1*[1+J“ T 22R36071.6 ]
) (X—17693.952)°
AEA |18916.964 + 1.150+X + 1.96*\/321442050.5*[1+§15§ + ST S|
— z
A& 3 |5204.946 + 0.913xX + 1.96*\/77238688*[1+L X2 234)° ]
(X—4461.320)
A A |1828.869 + 0.601%X + 196*\/ 18602177. 62*[1+ BI7 T 34427444892
ZAHolu] | 4306.957 + 0.662%X + 1.%*J21720994.31*[1+W + ’{5390116379 ]
_ 2
¥ B |4601.611 + 0.820xX + 1.97*\f17263767.03~[1+—1}ﬁ + X ERLIN) |
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Table 5.1 Expected transfer Cargo
FTEF | F 2|42 [F A |ASHA

A7 %[ 20% | 60% | 50% | 4% | 30%
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Fig. 5.14 Change of Congestion rate by Cargo
transfer to Asan port
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