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Evaluation of Container Terminal Types

Yoo, Myoung-Jong

Department of Logistics System Engineering

Graduate School of Korea Maritime University

Abstract

This study aims at evaluating the existing three different container
terminal types, the conventional, the unmaned and the indented terminal,
so called 'ship-in-slip', with respect to productivity and costs. For this
the Pusan Newport under construction, ECT Delta Terminal and Ceres
Paragon Amsterdam Terminal are taken as examples.

Particular features of the three terminal types are analysed with
respect to the layout of terminal, the equipment type and fleet and
operational aspects. Then, the productivity is evaluated and compared
with respect to the area of terminal, length of berth, number of quay
crane and number of yard equipment. Cost evaluation is also followed
including infrastructure costs, labour costs and operation costs. Based on
these the adaptability of each terminal type is evaluated with respect to
the terminal environment such as labour availability, level of labor cost

and level of lease.
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FAAGEE 2147 BHoh Aelel FALE (Hub Port) /%S s %l
0 AR el FAHE AdeRA GRS BF AL A0 Aeol
2l Hdl 8000TEUw (100,000 DWT) Alube] FH<to] 7hs3dl: [R2

[UZZ F_|_4
iy

ko] FA2~"lE 7|E Yyl sAgh B A AR of=o] § &7

A& 183 RMGC(Rail Mounted Gantry Cranes)A| =815 A
o] 2006058 Z7] MAEO &9E dALRE <F 2-1>9 #LE R
o

Ao FTES WA AEP 2oz otw gy cle] =g oA
W72 o] Z# el MM (crane set-back)S 65mE AATo A oA H
o

<a¥ 2-1> FARA18RE Terminal



<G 2-1> HuldE R

3 = T+ = H] al
Hulg 5 2(TEU/yr) 3,900,000 3.2Km ¥ 7]&
Hud rHZ o] (m) 3,200(L) x 55(W)
T AAE EH ) 132.8%F Brjg o =2 3
AH A -15 m
AR FAEgTH(E), TE Adely gHeld 9418 2arAy 2000
212 =% A1
A gkate] wRlek ool Aul= ok =gl 30, of== el 9t S o]
] AN =] oA A ESE <FE 2-2>9 2o
o= Aol 8,000 TEUW ZIHolY AMule] 437t 7Hsates =Y A9
?1¢] OutreachE® 60m(ZF¥ ¢ 229712 GA 3 7ts)= AASA ow, A435
2o EX3RS pyde] 508807 3Tt RARAGure Mulgk FHu 5o
A NS - Hal Fdel FHo] rheEsesE AN, 67] A F
30tHe] otel =z o] wjxE ool
<E 2-2> &% 9F FH
g = T = H] al
ok g gl 30 i 22% Outreach, Twin-lift
of= 92l 99 tjf 94 5% RMGC
Yard Tractors 210 W
YT Chassis 210
2= 27|
Rail Tractors 14 o
TR
Reach Stacker (E) 8 o
Reach Stacker (F) 2 o
Breakbulk Chassis 1 o
Rail Cranes 4 tj A48 RMGC

g BAAEEH(E), TE Aoy gHuld $9A4 3 WA, 2000

of= AX e Ag Z EE2 <k HYstA wixEHH, AHoUE A 4
A=t HAHoUE dHAFY o=z (RMG-Rail



[e) 3L L& 2=
< TR de Ay

2 o] g
GAT + Ack 0TA Dol (pol, %, Dolxae FAYel AT A5
4Ag BEe 4TI ANNTEE AN ] AAFE 28 (On-Whee) $4]
o= FAFT Adold FHM Au A FYL <E 2-3>5 2uh

T i ar e | HAd FAsY AR H]
Rz CIE 47,920 TEU 64,670 TEU T8 of==¢ <l
W57 H o] 1,800 TEU 2,390 TEU T8 of==1¢<l
71 H o] 12,160 TEU 7,620 TEU YA ZEEY
H] 512 7 ] o] 1] - 330 TEU On-Wheel
A 61,880 TEU 75,010 TEU

AR RAAGRHE), TR el Brld 2978 B3, 2000

ZAHlolY  AEHFeFIAAE 2PFsta = ECT+ =27 HCD(Home
Container Division)Z} DCD(Delta Container Division)Z #2] +9% 3 At}
HCD+= 197058 1980 o ZAA 7idd Heloly HujdaA HAF 2
WsHsES 913 Barge (WHF59] 30%)E ol&sta St
DCDE 1984\ H-E| Maasvlakte#] 9ol &3tz AdE ddi2] g ey gr
dz2x 24 3719 gwdz BRC(Barge, Rail, Common)® E#E FEX Yo
2wy 95 glem DCDE vh53 2ol £4AAZE & 3719 Hud=
=G H L gl
DMU (Delta Multi User) Eju]d : DCDell Hx= /NFe w53t €n
A2 A ko QA sh= El A, of= &9

& o]
ey} of= o] o]FS $1%F Multi-Trailer 52 *JAAE 2533 Qth



DSL (Delta Sea-Land) Elm|d : AlAl FHZxeo ¥ AzsteudzA
Sea-LandA7} &0 = Abgeta glom 7]Ee] ok Agelel] of= &4
= 9% AE3t A ASC, oF=¢} hH S et AGV, ok=9 ¢fF A
FE ddets 2EdE Ade 59 EFAAE ZEFa vk

DDE (Delta Dedicated East) El7d : Delta 2000-8 ZZAEo]| 2]HA
6,000 ~ 8,000 TEU:1 ol A Uy Aule] FHgo] JlFd HuldE 714 ¢
of lom,

oL

o

WA= DSL Bvldat v fARRE 9l AEst &

| &
FAA = —7'?73’3}?— AT

ol FPAAE & Fol AFI SFAANAS Z
Combined Terminal)7} 4¢3, gH- 23 FoAN=
olt}, ¥ =& ECT DSL HuldS ECT Eud
of Ang XA

Hrld2 ECT(Europe
}—T’— g A
] g2 A 24 o].

2.21 ECT DSL Terminal 1%

s e
16.6m=4 8000 TEUw wH@dul Hto] 7tsstes AA UG ECT DSL
Terminal> FAHA &gkl o] bwid 7 Al AMuto] Htdh uf Mube]l F&
(rolling)ell o] gk Aduby} <k A le) F=& WAt St 408 <=y
Aol sF ddelA el Z7px ] A<l AW (crane set-back)S 85m= &

B3}ar ).

ECT DSL Terminal®] & WAL 62%F molw ¢t Aol 970m, AHFA 2
1.

<3 2-4> ECT DSL Terminal 33}

3 = ST H] o
Huld 59 (TEU/yr) 1,250,000
Hrd P o] (m) 970 Set-back 8 m
TR FAF A () 627k
T Al 16.6 m

A FARAERN (), PARERE wmAeb BaA 1997



ECT DSL Terminale] AF&38tx Q&= vl b8 =<l 8HZEA o]F 4
= Dual Trolley Systemo]l™, of= Zgel& 28t o] x, A|lF E¢ oA Hnul&
£& <% 2-5>9 Zrh

ehe AYRlS FEoRE 9HL o, Awst Alads gAsta qith
et ARl §57 5] dY Abol(rail span)dll &= 67019 AGVEI AT} 179
HI 9t 4 lane°] &% ™, back reacholli= S| A7 W x| G AFi g
2 3mE gxsta 9o

AN AJA ¥l e AP Aol Q= FH Fu|e} HAFoR 93

=
o ot o =
RS wgd 5 e Aads 2 vk

¥ 2-5> ECT DSL Terminal® =% x|

g = T 5 H] aL
R - 4= Dual Trolley
System
ASC 28 i
E ] AGV 58 o
T Yard Tractor 4 T
Straddle Carrier 6 U
MT Tractor 2 o
Reach Stacker 5 0
A& : Containerization Year Book, 2002
ECT DSL Terminal <F¥-x]7¢7ke]  o]Fy & AGV-ASC

SR
(Automated Guided Vehicle-Automatic Stacking Cranes)A| 2=¥lS ©o]-83}1 9
o A ES kI o] Reke]l HEH As star QlojA bl X (=
2 ARGl A ote)7bA] o] 51|l AGV(Automated Guided Vehicle)oll 2] 3l
Adlolyrt olFH™, olFH HEHUE FX el wjxl®  ASC(Automatic
Stacking Cranes)”} H<E&Ho|A AGVEYRE AHoY{E (st =& A}
ghrt,

Hujdo A ejF2 wkEse= dHeolye 9= ASC7E ZA€ HHolUE
A FEol A8k o5 HAERANA oleAVIE 2EdHE Aol o
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ZA"oly] A2 by 2 wgFow wjxEo] glow 52759 ASC lane
o] daL 7} ASC lane 64 2vt4 o2 ZHoUE FATE  JLF Holdrt
At e eolyel YEAd eyt ASCol 9ol FHaEoiXa, vt 7" oY
£ ASC-Meol 98] HFHAZT. ASC7F ndws Agol= v =g clel
ASC-Roll o=l 27t ¢t5d wj7bx] wA FJgoh AP o ofr ozl whEg)
Aol 3 Fr7F =H%H PCS(Process Control System)+ AAZFo =2
monitoring¥® °F= S Pste] AsoR A Fujet A €S o
T FAFe] 7t g ASCell HolHE HEstar Al AGVel® o]yt A
FTHES A2"E 98t

%A ¥ ECT DDE Terminal®] oF= Hl= &3} 22 543 7HA 1L
At

AGV @ AGVE Shel 3t Ax]gAtel o] el AH oy o]F FHEA AGV
ol *3te] ¥4 ILB(Inter-Locking Block) £ o] Q15w o5z F
AAz10l EANAEY, GPS(Global Positioning System), WLAN(Wireless
Local Area Network) ‘5o F7}2Ql SA4l7%u| o Al=glo] @ frh, w3k
AGVE /\]‘:’gﬂo]/\ﬂ g F 9g= d TR Test Bed?} RFE=A] glofok
s, FAPdoR Fdy = FFE AT gAY FARSFE A e

o guERE ARl Bk

e

ol

ASC, ASC-R, ASC-M : ASCE A A Fdoz AeolvE Hu3st
= A ZA4 AGV Docking Al=®l, XA oA 28 A AA| oA 28 =}
1A @A) ~8 S/C(Straddle Carrier) Docking A28 53} A3 9H
Holx Fojof 3t #FHHEH EE AHH= PCSo o EAdc. ASC-Re
ASC 2 ASC-Me9| mAgoly oAl FARTE 8] Fuls WA o
AHEE T ASC-R2 Control Cabs 253 1w ASR-RS °|F
3l ASC-lifters AF-&3}7] 93 Sub-yardE Q= 3t RE AW $
A& F4 LANA2~]S ZE5a1 itk ASC-M<2 ASCSF 2 d o= o
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<13 2-2> ECT DSL Terminal

2.3 Ceres Paragon Terminal

2.3.1 Ceres Paragon Terminal®] TF%

Ceres Paragon Terminal® &% #-& 63vmolw AwH44S 135mo] o). b
o] A% ZA(dock) FEje] Ay At ZAHolY EHudd 22 e F U}
27 o™ A& Q0 Marginal Berthe] Zo]= 650meo]x, =2 &<l Indented
Berth®] ¢+ £ 505m, Z°] 400m, 44 19meo]t}.
71E9 g Adely Hulde ol Mk ks 93 AFAIA, A
g

dele v WA U AYe AT & At

_10_



<3} 2-6> Ceres Paragon Terminal &

& = it B el
Enyd 52 (TEU/yr) 950,000
Marginal Berth (m) 650
o
- Indented Berth 50.5m(W)x400m(L)x19m(D)
Lk
FA WA (o 635k
T A 13.7 m

A& @ Ceresglobal, TThe 21st Century CERES PARAGON TERMINAL; ,
2001

<% 2-3> Ceres Paragon Terminal®] 7Jd %
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B: Marginal Berth
(C: Barge Facility
v Empry Storage & Contamer Hepar Facility

E: Valet Service Station FERES Y E it
<1¥ 2-4> Ceres Paragon Terminal B X =
2.3.2 Ceres Paragon Terminal 4]

Ceres Paragon Terminal> ¢F# 1] 2 Indented Bertholl Twin-lift7} 7}s 3F
229 ot A7 el 9B : Curved Rail), Barge Z @<l 29} of=An] 2 3¢t
Aol 7}53 Straddle Carrier 391 & & 9sta lom &% 229 =Zd< 3UE
A2 2 Berthell 571 A 2] o A o] v},

<3 2-7> Ceres Paragon Terminal #H]

g = T B H] al
ok 99 9 th(5d]: Curved Rail) 224, Twin-lift
22 Q A
Barge =8¢l 2 o l6d 7
)
Straddle Carrier 39 I 1 over 3

22 : Liftech, "CERES CRANES; , 2000
Ceres Paragon Terminal®] Indented Berthi= j#i2] ot¥y} )z} wrgko =
X E o} Q7] wiiEe]l &&4Q A AdE £33 Hste] 4F Berth &
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T A 7} 3 Curved Rail Gantry -%5 #3lal ).
O

_IEE

A 2=gle SEUA T3 e bAoAl 2vlS F FE A o] Aol A

AAIZE A H o Aok sk T3 22 ZT B Al=Eo] g H Tk

a) Crane-to—crane on both the straight and indented berths

b) Crane-to—crane at the 90 degree corner

c¢) Boom-to-boom clearances for cranes operating on opposite sides of the
ship

d) Boom-to-boom clearances for cranes passing on opposite sides of the
ship

e) Adjacent cell spreader protection for cranes operating on opposite side of
the ship

f) Curved rail orientation and interlock

_13_
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b

A S A HEH ECT DSL Terminal @

3.1.2 ECT DSL Terminal® A



T B ECT DSL Terminal aAzr A4 H I
% Capacity 1,250,000 (TEU)
Total Area 620,000 (m’) 2.02 (TEU/yr, Tm")
Total berth length 970 (m) 1,289 (TEU/yr,Bm)
Berth equipment 8 (i) 156,250 (TEU/yr,Be)
Yard equipment 38 () 32,895 (TEU/yr,Ye)
3.1.3 Ceres Paragon Terminal®] AJAHA
Ceres Paragon Terminal® % 39 %3S 950,000 TEUoH FWHZA Fobd
A%, ok AU, of= AYUASF T <HE 3-3>¢ 2ok ZF AR’ 47
A S 23 B Ceres Paragon Terminalel ©¢] W& (m) & Az AL
151 TEUZ yEeston otd o] ¢ Zol(m)d Wzt A4S 648 TEU, o

¥ oIy dzk S 86364 TEU, o= =Z#dd dAzr AAAE 23171
TEU A= Ao 7 YEkTh

<& 3-3> Ceres Paragon Terminal®d] A4 2 Az YAA

o ow Ceres P?ragon W7k AARA Hl L
Terminal

% Capacity 950,000 (TEU)

Total Area 630,000 (m") 1.51 (TEU/yr, Tm")
Total berth length 1,465.5 (m) 648 (TEU/yr,Bm)
Berth equipment 11 () 86,364 (TEU/yr,Be)
Yard equipment 41 () 23,171 (TEU/yr,Ye)
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314 A4k v

FolA AAEI 59 =4S sFow Hudd A7 AAAS Hwd A
7Hg dabEl el Bakddnte] Aert &9 WA Askdo]l 294 TEU/
mEA 7MY =& Ao® yYelwton Ceres Paragon Terminale] 151 TEU/m’

2 7P 2 AoR yEeiwgt 2ol b ALY A= Awst gHeddl
ECT DSL Terminale] 1,289 TEU/mZ 714 &2 <td AN S 717 Ao=w
el o, Ceres Paragon El7]do] 648 TEU/m=EA 7}4 @2 AAAS 7}
2 Ao w vEETh

oty v AL S Wlaek A3 ECT DSL Terminale] 156,250 TEU/C#
el o, Ceres Paragon Terminale] 86,364 TEU/CZ 7F & Ak &
7 Ao ® vErgnh mpAYro R o= AgH|d AR AR gl 50,000
TEU/C.. & 7} =7 YeEbs 2 Ceres Paragon Terminale] 23,171 TEU/C®
74 GEAl GrERRL T

E 3-4> Hujdd dzk Aakd v
) Ceres
T = FAkalgmt | ECT DSL

Paragon
Total Area (TEU/yr,Tm’) 2.94 2.02 1.51
Total berth length (TEU/yr,Bm) 1,219 1,289 648
Berth equipment (TEU/yr,Be) 130,000 156,250 86,364
Yard equipment (TEU/yr,Ye) 50,000 32,895 23,171

At oz Aigduoa B o A2 g9 EHwuldel Ceres Paragon

Terminal®] 7Z4-¢ F+ 7 §3¢] Huld Bohs Aol 9ojds & F Ak
|
=g

AR L 0204liftZ ERSS @ 4= 9tk ey Bk
o] S=(net) AAMAdo] = old - A 7b 30lift Ax=o]: AT =gel 3ol oF
HZo|7F 300meY & 7Horsith ol o] A7t AAARA L QOlift7F o] mY - A7
g AL 03lift= Ceres Paragon Terminal Rt ¥ths 2& & 4 9lom,

b n] WA & wi= FAEre] sawdl kAol 30lift el Hlsl Ceres

[
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2220l 2 o
T ™ E]—

Paragon Terminal2 27.8lift =2 Ads] u
32 BHld 598 ug 24
321 F99 7 H 24 3y
AMEak ECT, Ceres Terminal 5 A7HA #8385 2472+ CaseZ 3},
AN 8EES Case 1, ECTE Case 2, Ceres Paragon TerminalZ Case 32.%
Z} Case ¥ AQ0°]ES A3 2 =RdAe S9AI2gE FA1E A3
Z

o]
= Zlee® 74 Alzddd ddd B&s AdteH, e o] EAAER
1=}

rlo

i

&
20
)

>,
=N )
ot

o f

a) Case 1 : 9t¥ + RMGC + of= E®H JASFH(FAERE 7]F)
b) Case 2 : ¢t®¥ + ASC + AGV + S/C &+ A ="(ECT - DSL7]+)

c) Case 3 : Ship-in-a slip ¢t¥ + S/C &G A ~#(Ceres Paragon’] )

AR BN BAW 2AANA GAEZ ZAF AT, 2 Cased &9
27 9 87, =EAGE) R, AN £, £ B 5ol g2y] Wi 4
2AH ANE AMFEE /FoR FYHE 7] FANE fFeke] o=

Case ¥ ¢ A4 #2E5 & v Case 19 4% ¢t =&)<l 30d¢} of= =
gl 78l & F 552u] TFRo]H, Case 29 4§ 9 A 8l of= A
91 38 5 F 139u17} FJ = aL, Case 32 A5 oty A 9guje} of= A4
ol 41t 5 & 50t So] FYHY. <¥E 3-5>% 37}A Case® ¢ #AH] 1R

_17_



<} 3-5> Case’ F¢§ 4] t2

GEERE)
T Case 1 Case 2 Case 3
Quay Crane 1 30 4 4
Quay Crane 2 - 4(DT) 5
RMGC 78 - 2
ASC - 33 -
ASC-M - 1 -
ASC-R - 2 -
ASC-Lifter - 2 -
AGV - 62 -
S/C - 17 39
MT Tractor - 2 -
Rail Tractor 14
Reefer car - 3 -
Reach Stacker 10 5
YT Chassis 210 - -
Yard Tractors 210 4 -
A = g 552 139 50

(2) Case 19] #An|n] = 77144740
Case 19| AHlHli= % 541599 Fm o Aeele] Fugom o
2100919 A=, of=guo] Fu|goz oF 289699 Hwrt 29 €Y 2 I

H 59 WEdFE <E 3-6>9 2t}
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<3 3-6> Case 19 Auv] B Z7pdzin
(ko] wnkel
T #% | ar AR | WeAs | @b
Quay Crane 30 7,000 210,000 20 10,500
RMGC (°F=) 78 2,925 289,575 20 14,479
Reach Stacker (E) 8 312 2,496 8 312
Reach Stacker (F) 2 553 1,106 12 92
YT Chassis 210 14 2,940 12 245
Yard Tractors 210 114 23,940 8 2,993
Rail Crane (RMGC) 4 2,380 9,520 20 476
Rail Tractors 14 130 1,820 8 228
BreakbulkAFA] 1 59 59 12 5
A 541,456 - 29,330
A FAk (), TRAR R Beld Al e-ddun], | 2000. 12

(3) Case 29| #Anjv] 2 77}47hn)

Case 29 AWlulE % 1566990 2 oby aeelel Fougow of
o9 A, ok=gule] FIugow o 420lel A%, w0l EFUA AGY
o] Flow 29891% ALy Ao Hr) 2 AuSo YL

J
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<E 3-7> Case 29| Aujn] 2 7-7pAkzHn]

3y #% | Wi AR | WeEs | wbdz)

Quay Crane #1 4 8,125 32,500 20 1,625

Quay Crane #2 4 9,750 39,000 20 1,950

ASC 33 1,219 40,227 20 2,011
ASC-M 1 1,235 1,235 20 62
ASC-R 2 1,612 3,224 20 161
ASC-Lifter 2 813 1,626 20 81

AGV 62 367 22,754 12 1,896

S/C 17 780 13,260 12 1,105
Terminal Tractor 2 111 222 8 28
Reefer car 3 62 186 5 37
Reach Stacker 5 312 1,560 8 195
Yard Tractor 4 195 780 8 98

A 139 - 156574

AR A FFANEL, TR HodA AAR, |, 1999, 4

(4) Case 39| #Anjn] 2 77}47hn)

Case 39 ZHlHlE= F 1148999 FE= ot¥l =zg Qe F¢lujgo= oF 717
A%, ohsgule] PN Eow o 3008 Awst xagrh 4 guEe
ATE <F 3-8>¢ 'l Quay Crane #2(Curved Rail ¢k =#¢l) 5th&
Ao =e o vlwE Fesbt A Gebde
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<3 3-8> Case 39| #vlH] ¥ 732

7)
(H]: wwRkel)
T & TFF =43 7H4 -8 A g | 77
Quay Crane #l 4 7,000 28,000 20 1,400
Quay Crane #2 5 8,750 43,750 20 2,188
S/C 39 975 38,025 8 4,753
Reach Stacker 2 553 1,106 12 92
Barge Crane 2 1,960 3,920 20 196
SHA 52 - 114801
AR RGN, R EEaA Y AR, 1999, 4
(5) Z+ Case® =&Y ZvjH] H|uw
(D~@)oll A AFE=¥ Cased Guv)e} 2t SPAI2Fe] HEsds 7oz
TEU 9 #An8n] &8 A&t 2y opddt Anj7k 29853 F7140 A]x~d o]
27 HE 53t Al2"el ASC-AGV 9A 280l 1252509/ TEURZ Caes 1
9] 123,0859/TEUY, Case 39| 120,843%)/TEUR.t+ TEUS #ulu]go] =rhe
AE & F Uk
& 3-9> THGAI R ] vgo] g
T = Case 1 Case 2 Case 3
= Aagn k) 541,456 156,574 114,801
2] E-5(TEU/yr) 3,900,000 1,250,000 950,000
H|-&-())/TEU 123,085 125,259 120,843
3.2.3 Infrastructure H| &
Infrastructure ¥]-§& T4 EE, 7115, 7|82 5 Hujd A4 4225+
Hgos Agst= 7«4 &9 Sol wet Hl&o] A Ffum, QEEE



Ho

W ok

L
L

71l
of A8 AACNA AE As3 H

A AbA " o 2 Infrastructure Y]

o]s

Pt

Bkl

wEd A=

e

@ ol

JE
R R

€l 9] Infrastructure H|

i

DCM(Deep Cement

SCP(Sand Compaction Pile)+7# ©]

S
S H,

Eay
T

Mixing Method)+7] ©]

SCP(Sand
3-10>¢} 2}

’

EAT

z

Drain)+

3 AFSD(Sand

’

SRS

z

Drain)+

SD(Sand

AMHl &= <3

oL
o

H
H

Ho

Compaction Pile)+% 7+ 3

: gk /m)

9

&

183

159

.
T

<
-

DCM+# ©]

214

il

w9l A

R RER

A 2

Hl7b FE Ao 204 oo Awrt

A=

XO
ar
0

o)

TH

fiit

<]

o
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] ]

ke ol

A 2

N2

A9

o, ‘Ship-in-a slip’® 2%

o,

SCP+7 ©]

B
xr
il

T

o))

<
T

iy

o)

ZHH1(2000m /h)E 7

R

ol
NR

B

gl o1} ‘Ship-in-a slip’ ¢

)
)

ol
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N

7] Wz Aol A

=2 5

FAE 23269 /m' (R}

A
=

NR

AP & UpERIEY,
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[€)
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2 A} o Case 1 Case 2 Case 3
ey ase ase
° ° duket® | Indented Al
7 o](m) 3200 970 615 400 -
9T A}
TAHH] 5,088 1,542 978 1,272 2,250

A Z(m') | 9,600,000 | 3,220,400 | 1,685,100 | 689,700 | 2,374,800

SAHH 22,336 7,493 3,921 1,605 5,525

TAH] &HA 27,424 9,035 4,898 2,877 7,775

AR RAAAGRE), T el Bold F23Ab A BIA 2000

(2) o= F-i
ofE A7 AN EFow
GAsE el wel S A

Foues vERla gl

5o ]
§3v), 594 4] FAHFL 3B/ A g

& ok N

<E 3-2> AAdtEe] & FAM] vl

RS FAR (A 19)) u &
2.5E/m 457,149 100%
3.0/ 477,858 104.5%
3.5 /m 498,567 109.1%
4.0=/m’ 519,276 113.6%

A7 Sk kA ek TRAAE Eujd A A AT 1999. 4
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A =S &3 AL PBD(Pile Board Drain), SCP(Sand Compaction Pile), X &
Mol Zad A7 ol wel B2y, AAeTo] wE A BlE&S <
& 3-12>9F 2o & ) FARETE AAMA 7ES b & 200mTH2A

&4 400m ZHAAF AR A8 e gy & A,
g A= <G 3-13>¢F 2

R e

3E3-3> AW @9 FAbH]
T AR 31 AR A (/m)
12} A HEg AL 400m 163,545
27} A HEE AL 200m 152,689
A 9EgAH] JHA| - 316,234

AR RANGUE), TR Adeld Hyld FRTA AN BIA; 2000

-—

olelg At AR wel BAUE A8 A9 7 edAsE AuAFTA

]
H = <% 3-14 >9} Zrt}

¥ 3-14> AR EEALH]

T Case 1 Case 2 Case 3
2 A ('] 1,328,000 620,000 630,000
elicia] 1.045 1.00 1.00

AR & 438,856 196,065 199,227
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Case 19 LAFTHL Yard 3= So] ACON ZAFH o] o] &5 Ax4o
A7z HE 55 o] &35t = FAME 70299 A=V Ao

<HE 3-15> Case 19| EZ-FA}H]

A8 T A () S7E ()| AR (k)
Yard =32 377,715 34,190 12,914
ACON
71 b4 o 35,588 30,940 1,101
4] A= 851,947 8,260 7,037
Eap M ES 62,750 783,910 49,191
A - - 70,243
A5 g Ak, TRARAG Huld A g dA S, 1999. 4

) ASCON(Asphalt Concrete)

AGV Areacl= ILB, Yard 3= S/C
L7 zdd HE 55

o =

Aread =

o gets Aow @ u &

H 3-16> Case 29| EF-FAMH]

BRI A () @47F () AR (U Rk

ILB AGV Area 138,248 58,170 8,042

Yard T3 = 52,501 34,190 1,795

ACON

S/C Area 78,161 34,190 2,672

A A% 328,073 8,260 2,170

%) & R EIMES 23,017 783,910 18,043

A 25,220

Abm s SErs g AbE, TRARNE Eejd A dAgE], , 1999. 4

Case 3°] ZFFTW X3} 7IepA o ACON &Ho] o] &M F FA}L
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3-17> Case 39

-
it

<

o)) - N N ol mr%
- T o o B & J
G do B T 7 qormﬂMtL -
,mlr,_?. ") ﬂﬁmﬂouM n“m_.3752 o o \E).#,w
wu_.\mm” < R my .. wﬂ,”&, o) T o U e T
=S Z =] & Hop A& 7| SR =18 W W — g
Q a & W Ol2 | = z 2 o
v o)) o = ‘Dr.._ UJE >,
< S o = i Ot‘ﬁl‘mulx n o~
Ho X = M ar A P &
S Yoy B
) =S -~ N = 2
= " 7
EY] TN dﬂ;oovl:mc N —
m\@OO = @ o v v ufm OU] 5 2o
TIR § W Mo & NI ES R =
NS 8 G AEIvIE TagE g
v = 10}2%_ Ol =V N ﬂLaﬁH]aﬂﬁ fuﬂul
E T O ER® oW
= Mo o BT
. ,HT_nﬂUV, \mﬂdﬂlﬁlﬂ.ﬁ _JL,%IL
om0 A IS BN
o - s o Mo T
—~ o loo_/ ~ T _,ﬁ
e~ =< - Eoﬂx% o=
2B |L Eid ~12l2|8 - D g
Tlg g | Y TER NEE MR
= |2 3 S 2l eS| ) = e
- =9 = ClF|T A R
; e = TR BN
o opE g X T oF
W o EE W R )
e K T
o T | T Rx o TEE LK
O I I T TR
o .
T |0 = MW Sy u 1] Ho | = B ) M._ow WM of o) ™
— | © - g
i SIE OH My o T RT A S
o Pl T A s |EElelw T ogT Il eR
DS o Mo T n X o) oo OO
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== ~— rvallin
mw HTME b N TN ME mrL
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o7} Case 1 Case 2 Case 3
TR v 9
(] |99 | H& [AY | AL || H&
QC7] Ak 44,440 | 102 | 4,533 | 27 | 1,200 | 33 | 1,467
ob Nz 30,690 | 180 | 5,524 | 48 | 1473 | 54 | 1,657
2} o] =t 30,690 | 21 644 9 276 | 12 | 368
T/T7| A 30,690 - - 9 276 - -
o] & Y/T7] A 36,080 | 536 | 19,339 | 11 | 397 - -
o= u] 7]AL | 40,700 | 297 | 12,088 | - - 99 | 4,029
of=2}¢]
A 30,690 | 12 368 - - 5 153
S/C7 A} 36,080 - - 18 | 649 | 12 | 433
RAA
&2 A 30,690 - - 6 184 4 123
B9 EZ7]A 36,080 - - 6 216 -
R/S7| A 40,700 | 27 | 1,099 | 18 | 733 -
53tE
E23l 22 2 36,080 | 12 433 12 | 433 -
] 2} 30,690 6 184 6 184 -
A 44213 6,022 8,231

AR FTAGEBNLY, TRANG HudAF AAE, , 1999, 4

ol W 7]& &FA=EQl Case 19 A%7F M =2 JdxdvE debdla, #
1)
AN

=3t HudQl Case 27F 7Hd v AN S A Edh= AR e
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3.25 &

]
747} 136,364 A1t 601810412t B3k AL gaofob 813, Case 291 A5 50,0004
7, 414352407 Bk ALgatolof ahW, Case 39] A4 27,1434, 242920417
Fob Abgalok s Ao Uehi

<E 3-20> Case™ A3+ A& AIzH
(&9 - AlzD

T 2 Case 1 Case 2 Case 3
AA Y ESZ (TEV) 3,900,000 1,250,000 950,000
QCAAH (Lift/hr) 28.6 25 35

QC o] &A1zt 136,364 50,000 27,143
o] &H = =/QC 7 6 4
QP /oF= AH] 2 AIZE 954,545 300,000 108,571
Fraction of Load/ all lift 89.5% 89.5% 89.5%
Total Loaded Lift/yr 3,490,500 1,118,750 850,250
of= 4H] Lift+ 6,981,000 2,237,500 1,700,500
of=7g1] A4k (Lift/hr) 11.6 5 7
of=7gH]| o] &A1 ZF 601,810 414,352 242,929

i3
o
4
-z
>
>,
ol
o

NS e HAF EuEAY AAdY, 1999. 4

<FE 3-20>%F Zo] AHlE AMEstdle 4§ Case 12 o 33594, Case 2%

°© = C
°F 16199, Case 3+ ¢F 76919 A =7} Azt v &0 2 AEZHT
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<F 3-21> Case

M Qlzk ) g

2 8-7gm] SRR/ Case 1 Case 2 Case 3
Quay Crane 64,000 8,727 3,200 1,737
RMGC 19,200 11,555 - -
ASC 15,360 - 6,364 -
S/C 16,589 - 2,406 5,831
AGV 13,824 - 4,147 -
Yard Tractor 13,824 13,196 - -
3 A 33,478 16,117 7,568
2ts L g A gaaigd, TRANE Eed A AAEE, , 1999. 4

Axdt g1~ d3y gHejdy FRE vgeR ste bEd FHH g
okd . o}t Infrastructure Y&, <1AR], £9H] & £&54H 7 Case ¥ £
QEE F H LS <F 3-22>9 7t}
< 3-22> SJA=H F v

(&9 9D
s} = Case 1 Case 2 Case 3
AZEA 2l &5 H[TEU] 3,900,000 1,250,000 950,000
] v 541,456 156,574 114,801
ok 27,424 9,035 7,775
Infrastructure

of= 509,099 221,285 220,622

H| &
A 536,523 230,320 228,397
A1 71H] 44213 6,022 8,231
=g 33,478 16,117 7,568
Al 1,155,670 409,033 358,997
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32.7 TEUY &5 £ eH§

<E O3-23>2 7 CaseM® TEUY F5¥ £84¥8S detla o 7
Case ¥ H]&7AS /MEFHoz AR H Case 12 4]
2, 30 Hlate] =A YEtstom, Case 29 Avv &
th. Case 39 45 Auu|go] 7pd A dEw o
Case 1, 2X1.t} =7 YES

¥ 3-23> TEUY &= H|&
(¢ - =)

3} = Case 1 Case 2 Case 3
AZEA 2 &5 ZH(TEU) 3,900,000 1,250,000 950,000
ZH] v-& 138,835 125,259 120,843

ke 7,032 7,228 8,184

Infrastructure oFE 130,538 177,028 232,234
2 A 137,570 184,256 240,418

174 11,337 4,818 8,664

G| 8,584 12,894 7,966

7l 296,326 327,226 377,892

<3 323> A ef o] x7] FApu|SE e F-Eel gk Huld {3 4
ZAy= & w] 'Ship-in-a slip’ A% (Case 3)¢] TEUQ & AL H]g0o] 377,892
do=m Ak o 5% + RMGC Al =®l(Case 2)¢] 296,326l H|af °F 1.3uH
AL ow oA AAA WHo|AE Case 12T WA velgornz wf$ v AA
Ads & F E3] ‘Ship-in—a slip’e oF= $9A|~8lo R Straddle
Carriers A& 3at7] wfitol <b¥ FARR|ERE ofy e} 4T AMR[7F ol X 7] w)
woll of= FXF FAME FHow =4 =EHIA o] A§ Case 1 R 2
o o] A 2F T T BAA] FHE A&t 6§ dito] d gt
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42 B $39 A4 A7)
421 groyg vj& 1z =9

SEuet AEold Hude 5d8d zely T s Huld F oHlEolA
A 7F AbA gk vl&e] o= Hudel Hlste] AAE doe S 5 5 Sl
L <E 42> B <E 432004 2ol eyt 49 Huld ¥ WE 7k
e mjgol 30%th olstolt <=9 A 60% °]3
= @nks e Hed A 9 g F Ex7F Adn] dite] d
ol Asst Huldo] seuet A
& o 9tk ECT %< Hulde A5 1zdne] v
% g5 JbedA 7 wa sEd
S

Aol7] wWiol el Hud fao]
].

[-‘\I
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gy
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ol l‘U-{EI
S
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s
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Py

o

ﬂ‘ Om

Ay o oL 2 ol o v 1o o & o

Ceres =22 Eujd AA] Ayt o Hu) 97]9] AE AAe &I 5 9l
= g9 An] U S7MESE QR v Fo] ol ] wiiEe] -y T
o] e1zn] 9] HlFo] ¥ A A= FAFscta & 5 )
<HE 4-2> = Huld e AN a(98dE 7]F)

Yot ¥ ] 3} oF
3 = FAds], 7+t =] wl 7k 4 BETOC
HudA | EHuldB Erdac | g§94dD
A= 49% 46.2% 0.15% 62.6% 28%
| 2 ol 7] 38% 22% 78% 21.2% 37%
H
R 4.9% 5.3% 9.1% 6% 9%
7] €} 8.1% 26.5% 12.75% 10.2% 26%
= A 100% 100% 100% 100% 100%

Sl B 100% 100% 100% 100% 100%

T8 | H &gy 5.7% 2.6% 3.3% -3.6% 0%
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<E 4-3> 9= gHudeo] AAANn(98d = 7]F)
3 = =i RUEEE | eAE WIZbEEE | FH[ X RIZE AL
A = 30.7% 26.6% 25.7%
o171 4] 65% 68% 63.4%
H| &
Ll 3.4% 5.1% 2.4%
7] €} 0.9% 0.3% 8.5%
= 100% 100% 100%
100% 100%
2= 0] o ez
T FN ) crsqmaqman|crsamegzs| 0%
9 & | H-&dy] 30.4% 17.5% 15.3%

Zg : AS5s (1999)

<¥ 3-23>94 &% TEUD HlEAH Huld 3 2963269, ECT <1
Hujd 3 327,22690)S 7l o2 ato] Al Hulde] 1] F7F Aol o
€ TEUT F ¥& <7 %5 ECT 71l Huld F3} vlalsid <7y 4-3>
o Zrh 7)A FrRe AL 71E A Held £9
300%% 571 Wl TEUS H&2 ECT #< Hud #38 =53
v Aeolth. &, fEvEte] A9 B AFeA HEE Qv 8 Ve
g owf A7A¥7F 300% S/ ECT F-¢l Elvld §38& =9iske 2ol AA4

L= ]
olebi 2% & 3

307,663
9% [~
° 302,128 305,396

300,861

298,593

90%
94.0%  101.0%

85%

[ | | | | I |
20% 40% 60% 80% 100% 300%

THHEIDIE R&2l 2124H| Z0t8
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