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A Study on the Optimization Problem for

Offshore Oil Production and Transportation

Changsoo Kim

Department of Shipping Management

Graduate School of Korea Maritime and Ocean University

Abstract

As offshore oil & gas production has peculiar nature ‘on the sea’ , it
is requires huge amount of time and cost with multiple variables. And
every process are controlled by elaborate series of plans to reducing loss
of lives, environment and property. This paper presents a methodology for
optimal design of offshore production and transportation. Mixed integer
linear programming which is performed by Microsoft Excel solver is applied
to crude oil production optimization of hypothetical offshore oil fields.
Optimal design of maritime transportation from offshore oil field have been
derived from MoDiSS ship scheduling program which is utilizing Set Packing

Program.

KEY WORDS: Offshore production; Offshore drilling; Offshore field; Offshore plant;
Optimization; Well cost; Maritime transportation problem; Mixed integer programing;
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Fig. 1 Type of offshore drilling rig (F4: Seadrill)
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Table 1 Baltic Dirty Tanker Index 2012

<H¢): World scale>

Weekly| Date(Y.MD) (Index| TD1 | TD2 | TD3 | TD4 | TD5 | TD6 |TD7 | TD8 | TD9 (TD10D|TD12|TD14|TD15[TD16TD17 |TD18|TD19
1 2012. 01. 07 7841 32.4 | 51.0 | 50.6 | 58.0 82.3 | 107.4 |107.4(102.9| 102.3 | 115.0 {118.6| 88.2 | 52.5 |194.0f 87.3 |164.6|120.2
2 2012. 01. 14 | 783(33.6|52.4|51.9| 60.9 | 91.3 | 99.5 |101.1(105.7| 95.7 | 104.8 [113.7| 89.4 | 57.5 |201.7| 86.6 [184.8|101.9
3 2012. 01. 21 833 36.7|61.4 | 61.0| 66.7 88.8 | 95.1 |112.4(107.3| 127.1 | 102.1 |114.5 90.0 | 63.7 |218.0] 97.1 [203.2| 90.8
4 2012. 01. 28 835 36.5 | 63.7]63.3| 67.0 80.7 | 85.1 |108.3/110.1| 127.7 | 107.7 {117.7] 90.1 | 63.8 |224.1{ 92.0 |218.9| 84.1
5 2012. 02. 04 806 | 33.3 | 52.2 | 51.6 | 59.8 78.3 | 79.1 | 95.0 [110.1] 134.5 | 112.5 {120.1| 89.0 | 54.6 [227.5 80.2 |218.7| 83.5
6 2012. 02. 11 7881326 |49.3|48.9 | 57.5 78.1 | 76.8 | 89.3 [110.0] 127.0 | 127.1 {123.9] 89.5 | 52.7 |202.9 79.6 |217.5| 81.0
7 2012. 02. 18 802 |33.4|53.0]|525| 57.6 76.5 | 86.6 | 86.7 [106.2| 137.2 | 137.0 [126.2] 88.2 | 54.1 |196.6 80.2 |216.2| 84.7
8 2012. 02. 25 809 | 33.7 | 54.8 | 54.2 | 59.2 78.8 | 84.6 | 85.8 [101.8| 135.3 | 142.2 [125.6| 86.8 | 57.4 [203.0f 78.8 |219.3| 85.2
9 2012. 03. 03 788133.0(53.4]529 | 57.9 74.8 | 76.9 | 85.2 [100.3| 116.6 | 143.4 [125.5| 85.7 | 55.2 |195.4| 77.5 |222.3| 87.6
10 2012. 03. 10 806 | 34.2 | 54.8 | 54.2 | 59.0 79.0 | 80.4 |90.199.7 | 106.9 | 142.9 [124.9| 85.4 | 54.6 [202.0[ 85.1 {220.9|106.4
11 2012. 03. 17 851|375 62.8|62.3| 68.2 92.4 | 95.6 | 96.7 | 99.6 | 104.0 | 147.5 [122.0| 84.8 | 66.0 [201.2/100.3|211.7|122.5
12 2012. 03. 24 833|378 |63.7|63.0 [ 69.0 89.6 | 96.2 | 94.6 | 99.7 | 116.4 | 145.5 [120.6| 84.9 | 65.1 198.0f 97.0 {195.1|101.7
13 2012. 03. 31 | 815|38.8|66.6 |658]| 66.9 | 78.6 | 83.0 |90.2|99.1 | 101.6 | 143.4 [120.3| 84.7 | 63.2 |193.6/103.4 [205.3| 94.0
14 2012. 04. 07 | 821|42.1|71.9|70.8| 69.6 | 74.1| 795 | 96.8 | 98.3 | 97.3 | 134.4 [123.7| 84.4 | 67.9 |188.4/112.4(209.4| 90.1
15 2012. 04. 14 7981 43.2 1 69.7 | 68.7 | 68.8 715 | 73.3 199.897.5| 94.4 | 122.2 {123.9| 84.3 | 67.7 |178.5{112.5]200.1| 87.3
16 2012. 04. 21 755140.2 | 60.5 | 59.6 | 62.7 65.7 | 67.3 |95.597.4 | 95.0 | 122.3 [126.3| 84.1 | 60.4 |168.0{ 90.4 |186.1| 92.4
17 2012. 04. 28 756 1 39.9 | 60.4 | 59.6 [ 59.3 64.6 | 65.3 | 94.3 | 97.5 | 100.6 | 134.2 {132.1| 84.2 | 57.4 |166.1 77.5 |184.5| 99.7
18 2012. 05. 05 7721404 | 62.5] 61.9 [ 62.1 68.0 | 77.9 | 95.597.3|107.4 | 141.4 {137.1| 84.2 | 61.3 |159.8 78.6 |177.8| 95.4
19 2012. 05. 12 766 | 39.8 | 58.5 | 57.8 [ 59.9 72.6 | 86.1 | 95.0 | 96.6 | 123.6 | 142.8 {139.4| 83.9 | 58.8 |150.8 75.9 |168.5| 87.3
20 2012. 05. 19 7671 39.3 | 58.2 | 57.5 | 64.1 91.0 | 91.0 | 94.8 1 94.9 | 125.3 | 151.4 [138.2] 82.9 | 59.6 |138.6 74.9 |152.6| 83.7
21 2012. 05. 26 7451 39.1 | 58.4|57.7 | 62.9 84.3 | 87.5 | 95.6 | 93.7 | 112.7 | 153.1 [136.1| 82.0 | 58.7 |131.9| 76.6 |141.4| 82.8
22 2012. 06. 02 715|373 1525 |51.9 | 57.9 742 | 78.3 | 96.8 | 93.2 | 105.9 | 153.5 |136.1| 81.0 | 55.1 [126.1] 76.3 [132.5| 82.3
23 2012. 06. 09 688 | 33.0 | 47.1 | 46.4 | 51.1 68.2 | 73.3 |95.292.2|112.6 | 145.6 [133.8| 81.2 | 48.9 |123.3| 74.8 |125.0| 83.5
24 2012. 06. 16 | 688 30.7 | 41.7 | 41.0 | 46.9 | 69.4 | 73.8 | 95.0 | 91.6 | 116.5 | 141.9 [131.3| 82.2 | 43.3 |121.4] 75.1 [124.1]|108.0
25 2012. 06. 23 666 | 30.8 | 43.5 | 42.9 | 45.0 66.2 | 71.3 | 95.0 | 93.2 | 101.6 | 128.1 [124.5| 88.3 | 42.2 |119.6 75.0 {121.2|100.5
26 2012. 06. 30 670(29.3 | 41.8 | 41.2 | 45.0 63.9 | 70.1 | 95.0 1 95.0 | 96.3 | 122.5 [122.6| 88.9 | 42.5 |136.2| 75.0 |127.8|104.1
27 2012. 07. 07 665 | 26.3 | 37.3 | 36.8 | 45.4 65.9 | 71.6 | 94.6 | 95.2 | 92.6 | 116.8 [112.0| 86.6 | 40.0 |144.8 74.4 |134.9|111.0
28 2012. 07. 14 636 | 24.6 | 35.3 | 34.6 | 42.9 67.9 | 70.7 |90.3192.9 | 95.8 | 105.5 [108.6| 83.2 | 37.4 |133.6 68.7 |141.1| 92.4
29 2012. 07. 21 623|238 |34.3|33.7 | 41.8 64.8 | 72.7 | 88.592.8 | 91.8 | 94.3 [100.5| 84.5 | 37.4 |140.9| 65.7 |145.8| 86.6
30 2012. 07. 28 635|23.4 | 34.7 | 34.1 | 41.5 61.3 | 69.8 | 86.6 | 93.2 | 95.2 | 98.9 [101.6| 87.3 | 36.6 |158.2| 62.7 |157.2| 81.7
31 2012. 08. 04 6372271349 | 34.2 | 41.3 58.4 | 64.7 | 86.4 | 93.1 | 99.4 | 108.1 [108.0| 87.7 | 36.0 |157.8 61.9 |153.0| 80.6
32 2012. 08. 11 616 | 23.2 | 37.1 | 36.3 | 414 56.6 | 60.1 | 85.0 |93.1| 94.9 | 102.4 {110.5| 87.1 | 36.9 |140.8 62.1 |138.2| 80.1
33 2012. 08. 18 606 | 23.8 | 37.1 | 36.3 | 41.2 56.9 | 57.5 | 84.593.3 | 89.9 | 102.9 {112.0| 87.1 | 36.8 |135.8 60.4 |128.4| 79.6
34 2012. 08. 25 615|23.5(36.9|36.2 | 41.1 57.5 | 57.6 | 84.8 1 95.0 | 90.5 | 107.9 {112.3] 88.0 | 36.8 |151.1 60.4 |123.6| 79.1
35 2012. 09. 01 | 624]23.2|36.5(359| 41.1 | 57.5| 56.9 | 85.0 [106.9] 91.1 | 114.5 [110.1| 92.3 | 36.2 |150.3) 60.1 [123.5| 79.5
36 2012. 09. 08 629 | 24.7 | 38.6 | 38.1 | 41.5 56.6 | 56.4 | 84.9 [117.5] 92.3 | 118.6 [107.9| 97.9 | 37.4 |138.5( 60.0 |123.4| 78.1
37 2012. 09. 15 | 635]27.0|40.5|39.9| 422 | 55.4 | 56.5 | 84.8 [117.0] 86.6 | 123.2 [107.0| 97.0 | 39.6 |134.4] 60.0 [135.5| 76.4
38 2012. 09. 22 640 | 27.0 | 40.4 | 39.8 | 42.3 58.2 | 57.4 | 85.0 [118.0| 87.0 | 111.5{109.7| 99.2 | 40.1 |135.2 60.1 |147.5| 75.7
39 2012. 09. 29 6431 25.0 | 37.7 | 37.2 | 41.9 56.1 | 57.2 | 85.0 [115.9] 89.6 | 111.5 {119.9] 98.0 | 40.0 |142.2| 59.9 |146.7| 76.1
40 2012. 10. 06 659 | 23.5(36.5] 35.8 | 41.3 56.7 | 60.4 | 85.0 [114.0| 89.3 | 114.4 {126.3]| 96.5 | 39.1 |172.1| 58.4 |149.2| 76.3
41 2012. 10. 13 664 | 23.2 | 36.2 | 35.6 | 42.0 57.3 | 61.3 | 84.9 |111.6| 88.4 | 111.9 {130.2| 95.2 | 39.4 |184.4| 57.2 |148.7| 76.6
42 2012. 10. 20 671]23.136.7|36.0 | 42.7 60.7 | 61.6 | 85.0 [104.1| 91.5 | 109.6 [128.7| 92.4 | 40.2 |205.7| 57.6 |147.3| 75.6
43 2012. 10. 27 681|226 |37.3]36.7 | 43.6 62.0 | 62.3 | 85.0 | 99.1 | 102.1 | 106.5 [124.6] 90.7 | 40.7 |218.1f 57.5 |151.1| 79.2
44 2012. 11. 03 6721226 (36.9|36.2 | 42.8 62.4 | 63.8 | 85.297.0 | 104.9 | 102.7 {118.1] 90.2 | 39.7 |203.4] 60.4 |150.3| 84.8
45 2012. 11. 10 665|24.1|37.9|37.3 | 42.7 60.9 | 62.7 | 85.0 | 95.2 | 125.3 | 105.9 {109.7| 89.4 | 39.8 |181.0f 59.6 |149.9| 79.0
46 2012. 11. 17 706 | 30.6 | 47.7 | 46.9 | 47.3 57.9 | 61.0 | 85.0 [ 94.6 | 135.6 | 128.8 |128.1| 89.6 | 46.7 [179.5 57.5 [159.2| 76.5
47 2012. 11. 24 723133.3156.9| 555 52.3 56.4 | 63.5 | 85.0 | 94.6 | 116.7 | 135.8 [136.1| 89.3 | 51.6 |190.4| 57.6 |156.2| 77.2
48 2012. 12. 01 | 712]30.6 | 51.2 | 50.2 | 50.9 | 55.8 | 62.8 | 85.0 [ 94.9 | 95.8 | 130.9 [133.0| 89.2 | 49.1 |218.2) 57.5 [153.0| 76.1
49 2012. 12. 08 704 29.3 | 48.1 | 47.5 | 49.7 54.9 | 61.1 | 85.2 (94.0 | 87.9 | 122.7 |131.4| 89.0 | 47.6 [225.0) 58.1 [161.4| 74.9
50 2012. 12. 15 730 27.6 | 46.9 | 46.3 | 49.8 60.8 | 67.1 | 90.7 | 94.3 | 87.5 | 116.9 [130.8| 89.2 | 46.9 |221.5( 78.5 |187.8| 80.0
51 2012. 12. 22 77212791 49.1| 48.4 | 50.8 76.6 | 89.0 |101.7|94.4 | 89.1 | 116.0 {132.6] 89.2 | 47.1 |205.6{100.0|193.1| 97.8
52 2012. 12. 29 7641279 | 48.9 | 48.3 | 50.8 76.3 | 82.8 |100.0| 94.3 | 95.0 | 115.0 {131.7| 89.8 | 47.5 |201.7| 99.7 |188.5| 95.6
AP E 719(30.7 | 484 | 47.6 | 52.1 | 68.6 | 73.0 | 91.2 [100.1| 104.5 | 122.9 |122.1| 88.2 | 48.9 |173.8 74.2 |166.1| 87.6




Table 2 Route Description for Baltic Dirty Tanker Index

Route Description DWT
TD1 M.E. Gulf to US Gulf 280,000
TD2 M.E. Gulf to Singapore 270,000
TD3 M.E. Gulf to Japan 265,000
TD4 W. Africa to US Gulf 260,000
TD5 W. Africa to USAC 130,000
TD6 Black Sea / Med 135,000
TD7 North Sea to Continent 80,000
TD8 Kuwait to Singapore (Crude DPP Heat 135F) 80,000
TD9 Caribs to US Gulf 70,000
TD10D Caribs to USAC - Double hull vessel 50,000
TDI12 ARA(Antwerp, Rotterdam, Amsterdam) to US Gulf 55,000
TD14 SE Asia to EC Australia 80,000
TD15 W. Africa to China 260,000
TD16 Black Sea to Mediterranean 30,000
TD17 Baltic to UK-Cont 100,000
TD18 Baltic to UK-Cont 30,000
TDI19 Cross MED 80,000

Pl GAAGY ABeode = EF +F7/HECE FAEHY L&A
#l &(The Baltic exchange)oll A ¥3ts}= BDTI(Baltic Dirty Tanker Index)
oA 1 FFS & F o Table 13 Table 2= 334
(http://www.kmi.re kn)ol| Al Al &3t= 2012@ = BDTIo] T}

2014 94 & 7IEo & YolA oo ®Y 34 HW|'E(Bonny offshore
terminaDoll A = Y HRNingbo)7}# o] flat ratex= 41.310]0, Y= ~AY
(world scale)& 440]t}.9 o]E nigto = DWT 260,0009] VLCCE wHA| &}
By s BHuldelA YEAA FHEIT sk W, &9 260,000 x
41.31 x 0.44= A48}, 4,725,864 US§H S & 4 Uth

g

1.3 %’le o 2
S kol o] sjapol Aol Af A fEols wTjd wlgo] WAy
stel, 7 gAvid el BAYA S0 *

9) 20143 9€=} Flat rate, World scale: Optima tankers A|3-

_’7_
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Al 2% AT

21 % 4HARY 547 A

S olgts A4 SHOE AW /4, BR 19

A AHEo] AQE = 4bgol7]o] Aol wgk, &3 2 wolA(oll
major)2tal st t=F /7] Ydnternational Oil Company, I0C)e] Y =<4
21 3] AKNational Oil Company, NOC)2] F%3}ol| ZaHch =g e 2
A= T 7ol @xoE FPsr]d e oo HALHE Ed £85HE A
Hl o] W97} YR Ho] B 24 GAEE AEH] 7S 7kl @4
A E(third parties)?} st A FS Ho] ZEAHEES XldstA =

ol= =A wAHExploration), Al5(Drilling), —Lg]3 A4HProduction)o] b=
I7MA AAE AAEH, FF Y Y AR 2Ed o= siA
(Decommissioning) A x}& BHA HAth

ZF dAm A3 SAoEREH Y AE, A9 B4 Tl wE B2 H|
£o] Eoj7t=tl, A A= AsE IsLo = ¢oF 13,650,000 USS7F 4

T~

A

]
H

¢

9, AF dAdAE F4 2,480 me Z-Al8)(ultra-deep water)] 7%
of 55¢ &<+ 51,807,870 US$7F it 100 v 201 d#42] AJAA|AE A X

o) = 341,203,771 US$7} A% ul Qlck1D
Table 3 20074 20099 Abolo] sk 469t 7}22 ksl Ho]
A28% H A4S ALrste] UERA ol

10) 2011 <Icjol F2 shgplrie] sl A% AQAE Fusgon, ol AFHel Y gHEE
585,730 US$ol ATt

1D "ok Balel 41 60mlol HAE A2l FREGH platformzt ALANUAL" o olg <l
3900, FERECO PAE 1§ SUSE $& uBste] s1Asac,

_9_



Table 3 Costs for Producing Crude Oil and Natural Gas, 2007-2009

Lifting Costs | Finding Costs | Total Upstream Costs12)
United States - Average $12.18 $21.58 $33.76
Onshore $12.73 $18.65 $31.38
Offshore $10.09 $41.51 $51.60
All Other Countries - Average $9.95 $15.13 $25.08
Canada $12.69 $12.07 $24.76
Africa $10.31 $35.01 $45.32
Middle East $9.89 $6.99 $16.88
Central & South America $6.21 $20.43 $26.64

*Dollars per Barrel of Oil Equivalent

A7 Aol ot Fig 49 92 ddgmdA ¢ 5 Ym0 Fzd
Z71eka 9low, B3] Asia Pacific A€ol A el 271471 sl

Production by region

Consumptionby region
M ameis daiy.

B Asia Pacific
Africa

W Middle East

W Ewope & Eurasa
M 5. & Cent. America
" North Amenca

BB 0 a8 03

Fig. 4 World Oil Production and Consumption (Z*]: BP Statistical Review of
World Energy, June 2014)

12) Upstream: 4}+-3}8F Hopol| A A ghatel A4S 3= GAAISE L3tk AF AA S} ¢4 - &
‘downstream’ <] ¥ sldolth (E3]: &7 AA LA

W, 2HE AR5 AE NS s




F A A4S Fig 5ol B0l 1970t} 2 So] 4 AF A4
thr] 1 HFo] ZFUETh 20008t HE = Alsl AY4Hdeep water
production)19e] mB]Fo] FFE3] Z7}sle] 2013dolE 9% @t ow, o
o] 2009 F-goll A3 AlS=(deep water drilling)7} 38 A]3(shallow water
drilling ¥t} sojd Ao g wFo] s¢f Hf 4k, 53] Al Aite] 5
Vet EAE oz x&" Aoz HudErh o= =3t Fig 63 Fig.

7oA = Axol FUHC A= F EHF FoAAME FA AT
;:-l_

AE A2 Z#HE(fixed type platform)BE i Alafo] Fg
F(floating type platform)o] WHolAE & F A= AR
Onshore vs, Offshore Qil Production
B Onshore W Offshore Shallow Water W Offshore Deep Water
80
>
v
T
.
2 g
[
g
2
§
:
20
[: e
195 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015  percentsge%

Fig. 5 Onshore vs. Offshore Oil Production (Z3]: Infield system, 2013)

13) 3lKoffshore)ell Al Aol hdt AHole ZF 7|# Ee At g2Anh dukd oz A3
(shallow waten)& 44 0~999 feett], ZZ}sll(mid- water)“ 1,000~3,999 feett, 4sl(deep waten)=
4,000-6,999 feetth, I]aL 7,000 feet ©]4S Z-Aldlultra-deep watenZta 3t} (EX:
Qilpro.com)

14) Global Offshore Prospects 2013, Douglas Westwood



Operational Fixed: 10,700 Installations Fixed: 185
Operational Floaters: 395 Installations Floating: 28
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4 Flgating Platiorms 2012
u Fixed Plstforms 2012
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Fig. 6 Operational Platforms in 2012 (Z*: Infield system, 2013)

Operational Fixed: 9,0511 Ih‘a’tg[lations Fixed: 280
Operational Floaters: 540 Installations Floating: 60

Energy  Engines
CernambiNorth 98MW  4units |
Lula Alto P66 95MW 4 units i
Guanabara FSRU  49MW 2 units ~

4 Engines

a Fluaﬁng-PIaﬁwms 208
8 Fied Platforms 2018 Egina FPSO 126 MW Sunits | Ichthys Floaters 250 MW 10 units

< CLOVFPSO 109MW Sunits  Sunrise FLNG  135MW 5 units

o 1 3 4

= . = N Prelude FLNG ~ 120MW 3 units
e o 100 :g ot -

e -!""'F.'
Energy  Engines

Einfield Systems Limited 2013

Fig. 7 Operational Platforms in 2018 (&% : Infield system, 2013)
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2.2 g 7 Ao HZH3

sk M ALk HAE A M At At 1ol vwE gl
=04 1970 o] FRoAM Aw ATEH7] AlAskATh s i A Al
Ao fEE I FAY A gFel E BE o £

=, @ AX7F HH iAol Ao EVbsstAY & Jhesintal e o
3] @2 Hlgo] WA "k wEkA s F FAe] gAL A,

b sl ANkl A A HTo] EUAFHUL ol AF HE
Ao At fF FAE Ndete dol F&stAl AHEE F e AR

2 2857 AEsk.

Bohannon(1970)2 A+ #x1e] AAet AiA gl A=A A
&= Atstar, Flare(1973)= AlZE Bl 2ol ©E wellF34)2] wjx| e} A1t

Aol edUAel HAE Bye BEaY.

o]3 Iyer et al(1998)] &F A =4 By
(multi-period) EFAFAEAEY g S AT Ort ~ 12z-G~ omez, et
al. (2002)2 AIZtHE A Aikel A &3 Feol ik SArE A B3t
EFAFAEAY S =Yt 2¥gS WIE5¥N oY, Lin & Floudas(2003)=
A FWE(well platform)Al g FAlol AHZAIZE 23 HHs AAE

A% ATATHE BEAT.
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of
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e

N

Richard J. Barnes & Antonis Kokossis(2007)E 31 o] M= &8
He AA 713 Bl Hage] vEs FAS] 98t /A AlFH(well
centre)& Asta HHstE A|Fot ALAYS A= de 73 2y
S o] &3 HITHE ATsHY. HdolE= Richard J. Barnes et al.o] o]&
7|28 F {frA(main field3 oo AT 94 fH(satellite field o2 o
Folxl s A FRoAY AFet ALY HAH3E HAE AFskA =,
A4 FRAe MEAG dFE FE T FHY HAH AAeHe AAdE=
EFFFAIAE RIS, F4 <tollA] AE fFAHo dHEANE o]z

(binary variable)g AH&stATH Y A FAdAe HE &A=



EAAFHAIAG RE S A&, 2 FolzZepld FAHA e o4E
e A g EE 71 (multiphase flow)S 2 8317] 9l5le] w3 w42
< ArgEtR e, f89 9, Y a8 FAES o2 B EEA
= HAE n8Aa S FHASHA HEAH.

2.3 g H7 5o A3
s el FEEAE
U SPME F3tel BEe HHwT
AAA A BES A3

Aol A4S EA(maritime transportation problem)g}tx & & glom,
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Dantzig & Fulkerson(1954)0] @5 &9 1A 4 Ao EYxHE Fx24
ol HE Hagste A AAgE S A A7 Ad &9 F
Hglol] thek Ao Alx= &HA e o5 A= 27 Briskin &
Bellmore(1966 & 1968)°ll -40}04 dutstd APA Y mPoz goEdd
Laderman et al.(1966)2 &1 2tz o] ofd &wizte] BA7|d =
of #3 £AE FHLo AMFe=w jdsie Hol AIFAIEES =AU
o 19674 Whiton(1967)0] o] 3o gulsg5d3 248 59 S3

2o Axde Fr7kske] A8kt

o]% Appelgren(1969 and 197Do] B-A 7)Aol L3FEA o] et o] <
7%= 924 HYg £ &Set Partitioning) =+
Fom AAstslA=d, Aol &3 7t IAE Tt & 48 A
g oRE 0-1 AFHEFE % /]3L FAoz FAE sdsision olF
AZIZ olF9o RAVIH =& 35 AHLL I
A5t Ry ALY EErE Y £ == I
21tk Mckay$} Hartley(1974)& o]l r
B3l A AFAYgHS H 83T
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Ronen(1979)& @Y X Hof| A EAYs= =2 S5l tigh A&
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Ae Ay AFAGHoZ Y3 3t ATFstgth Baker(198DE ©d
ArsdolA g FANAY HFAF 50 ¥ A5 AFAE
2oz Aty Brown et al(1987)0] FsolA ¥, Hr7tx9 A
fr T AT A2 dAS FoEle TAE Y EERFoE A3
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Kim(1999)> #3714 &3 &A1 A4lo] He Au-ddgA S
dRrslete] AHolstn 1 FHA
28 7]¥ke] AJ~®lQl MoDiSS(Model based Decision Support System in
Ship Scheduling, A¥-&&YA JAPAE ALA=EDE LEATE o=
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Hwang et al.(2008)2 o]x7}A e Adr3dA mHo] & 5/ E2
d4e aHskA FUteE Hol FHEA 7T EE E0]7] fsho
S AGsE7] 13 o] AHEAMAFA S ARt YFEAS AT HAIA
2d-g AoksH =], oldl+= Kelley’ s cutting plane algorithm3} Delayed

U

column-and-cut generation (branch-and-price-and-cut) algorithmo] -§-&%|
At} Park(2014)8 ©]= %Lili Ho-E4 2% (Mean-Variance Model)S
2 g3k, LA 7|tho]

A3bsteE EHAE At
A3 mygS At

2 =52 AgAToA AHEgd Ak
o] gel Aol ¥ Af fHe wE
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(mixed integer programming)o. 2 A3} sttt i A7 A FH 23
2ol sl= MS Office Excel 3l 27](solven)E S3f T3t oH, sj =%

o #%5 wael sl MoDISS X219 e Fahel AT
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(exploration drilling) ¥+ 8 7}A|3(appraisal drilling)s &ct. A5 249 F

AZ AQF, cslolojgkel 2 (wire line logging)’ M52 7|HE 5

Fata de AR A AF EXIFHE Fotd & o]E HEoRE AF

AgA e Fx AF Zo|(target depth)7hA] A5 < ASE A<

2 olUH, 4 AlFE FtHabandon wel)E AJAAES AA3IH, AHF5

U Jtaze] ZARrt FelEd 4389 7Hwell testld

el 5, Wi g, A8 s F .

A AR S B3 2 A Ag AAHES AXA ALY fFHo=E

w19 &, 29 & AL 783 A A A4 2k_l(subsea

production line)¥@} <2 =# AX|(riser system)E E3 A4 ZAE
SO} dAdstar, A4k 4 A Eoly 7t

25 FYst A/ LS 55 & TY8 & (water injection wel) =

= 72 FYE& +74(gas injection wel)e FAstH o] =3k A <l

(subsea line)® 2 =3 Ao AT o]FHA o2 79 {FAB(wel)ol

wol shte] FH(fieldS FAITE BAZQA HFo ik Fn)7t 45

M FPSOU FSU9 X+ SPM3} ddste] Agatd 2

g FHE ok Aol getAeE ARE SA golzels 5ok

o g $EIVE 3t
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(production platform) =+ F

»

Fig. 9% FPSOS} a4 stolzeiele Bate] Abe H48 F4akn 9a
ozt A&sA BB M4 A ABL AYHL Qe NG 4 A

o A& HoFErh

17) Wire line logging: ‘Bore hole logging’ olg}ix W, AFFS 53l wire line, NMR(Nuclear
magnetic resonance, A71F3HAAGE #SARNE WY 71Est] AHY 724 FES 9opgt
=3

18) Well test: Aoyt 7kaZo] o
ojtty. ofg] AR AXE=H, BE
Z49jo] Futkgl Tt

19) FSU: Floating Storage Unit. a4 4 A4, FPSO2t= €8 A4Hproduction) 7]%5°] §iTh

2 79 w7 2] migET) A(quality) S 45k A4
FAAA 7t=E Bo&d di7] FolA AARA7)E flaring



Offshore oil field

Drilling
Platform

injection lines

ubsea production,

and

risers System

Drillship

Subsea oil pipe
line to shore

+ West Africa, Gulf of Mexico, 18|32 Middle Eastell A+
A

e

ks 89 RHSI Y e oEH e T
For, 7+ s SHES A= Table 49F 2o}
Table 4 7} 3l 74 /e
Plant Field i&e}ﬂiiaiu}lﬁ;} Field 7 () (T?o%}sa;gdﬂ-b%tls) (%T}?gianggﬁls%k) Produ;ﬁigl vel
1 1,100,000 21 52,381 13,095 6
West |2 1,200,000 22 54,545 13,636 7
. 3 950,000 20 47,500 11,875 5
Africa [™4171950.000 23 54,348 13,587 8
5 1,400,000 25 56,000 14,000 10
Gulf 1 1,050,000 21 50,000 12,500 6
of 2 1,000,000 20 50,000 12,500 5
_ 3 850,000 18 47,222 11,806 4
Mexico [ 4 1,200,000 23 52,174 13,043 8
Middle |1 1,300,000 24 54,167 13,542 8
2 1,250,000 22 56,818 14,205 7
East 3 1,200,000 19 63,158 15,789 4
v gj¥] 98 Ut A7l HAS EAE Folr] S As=E v




3 o] BAE Bt

[Data]

We,,; « Well cost of well i in the field f of OP(Offshore Plant) p ($US)
P+ Productivity of well 4 in the field f of OP p (Thousand bbls)
Pe,: Crude oil price of OP p (SUS/Thousand bbls)

Se,,  Shipping cost of crude oil from OP p to local market [

($US/Thousand bbls)

D, : Demand of local market [ (Thousand bbls)

He, : Holding cost of crude oil storage of OP p(§US/Thousand bbls/day)
Tp, : Target Production of OP p (Thousand bbls)

De, : Design capacity of OP p (Thousand bbls)

S, : Storage capacity of OP p (Thousand bbls)

[Decision Variables]
w,; - The binary variable to select well i of the field f in OP p
Xy

(Thousand bbls)

I,: The amount of inventory storage in OP p(Thousand bbls)

Quantity of crude oil shipped from OP p to local market I

[Formulation]
Max  Z= Y33 (Pe,—8,) X, — Y3 > We,w,, — > He, I (unit: $US)
p p f i P
s.t.

ZZ pﬁ nfi = pr for all P
ZZ i < De,  for all p
ZXp, D, for dll

I, =5 for all p

ZZ W, i Z =0 for all p
S
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4.1 A89) ZFH|

B o] AxAdA e 34 271A &2 UFH =, shves MS Office Excel 3 2¢
7] Z2OS B3 g Af ik HAstola & sty MoDiSS
2RSS AHEE A AT 5 Aol g A AL HA s
A= AR a7 @SS wo] F A AEoE o] A3

st 1 AE Wastar

s
mlo
2

Well cost(We,,): A& AAFet7] 93t 4285 v§L 7|[EH o= v

G 2 HEo] St TR0 AAT £4, V15, AL(ED), AT

2 A ol wel HApvhdo|ny, mRE Z47be] 2 A Ewit A FA o
gt AEg AT AiE(well cost)s EEU7= E7HEE T B =
o4& EIAUS Energy Information Administration)e] i< A A4k &

| FAIAIE S} offshoretechnology.com20e]  “offshore project survey’ 1
g, Atol FFoA HIJPH ‘S AlF A YA (offshore drilling
program)’ & sty 7 AGEE ko] wjdd A A4 B &S 4=
skl olE 7MY #Aol 2AE 4 FAnn FAL=E vjEse] AT A
285 AT

Productivity(Z, ): offshoretechnology.com2be]  “offshore project survey’
Fzstel 2t AR dige] AWM S AESe] o1& M fAd A

8 7 fguith Fae) 2 wiEste] Aade Agsar

i

o

Crude oil price(Pe,): x4 FFANIA A Fshs Fuke]fob AR

4, 2g8)a B4 HAES 71AE Husgth West africast 489 714

20) www.offshore-technology.com
21) www.offshore-technology.com




& YJolA ol “bonny light crude oil’ ¢ 714 s, 20143
6 o]F HT FAF/E T £ ¢lo] bonny light crude oile] 1<k
o] B4 HAdE Faste B4 BRER A 0.8 USSE tlste] A
AstAh

Shipping cost(Se,): & =&olAe g A Add H7E GAE
el A4 FoANA FE&IFTaL }

X f(industrial fleet) & &34 74]91:0]131 DWT 260,000 ﬁL_‘?—L?J VLCC
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Demand of local market(D,): 7132l sY ZHES F ulFFo| g
QEHE d A sEA L HEF Fig. 4 World Oil Production
and Consumptionel] Yeld X9 =95 Fx3le] AAHSAT. s A7
Aike] HAAsEAlE A Fa7F 55 "ot B3-S W F A Ao
2 Uro] AR IAPsd e, AFTert we Aee A et

=S A5 5%E AAsIA

=}

Holding cost(#e,): REUTER.com®] 20123 64 252 7]A} ‘Supertanker
sea storage looms as oil prices fall’ o Weld &4 #7A]A(offshore
storage)®] A A AW -8(37 cent / bblsk-E AlZHS Z+ G k719
HAAE 7o, =4 A{7|de 2719 AgS A 2¥S 7HE7] #sk
INE A= ALks A

mln

Design capacity(Dc,): 7132 #d ZHE

o Urol A%F BE AAFL T F O A87)
2 % =mYe WEY) Sdshel 3L A= AN
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Table 7 A4 dloly (A &7 Aeh)

D (lfg()zl\e/IT) O(Pig(;o &%St ODIZE;] Initial Position %i/r[?eo Name

1 280 114 7 Yeosu 5678 M/T Platinum
2 290 119 5 Bonny offshore terminal | 5678 M/T Titanium
3 280 114 1 LOOP 5678 | M/T Tungsten
4 290 119 3 Bonny offshore terminal | 5678 M/T Cobalt
5 300 124 1 Rotterdam 5678 M/T Victory
6 290 119 2 Yokohama o678 M/T Warden
7 300 124 1 Bonny offshore terminal | 5678 M/T Valhalla
8 280 114 4 Ulsan 5678 M/T Dragon
9 280 114 4 Halifax 5678 M/T Duke
10| 280 114 1 Bonny offshore terminal | 5678 | M/T Millennium
11 290 119 8 Qingdao 5678 | M/T Vladivostok
12| 290 119 1 Bonny offshore terminal | 5678 M/T Junior
13| 300 124 4 Rotterdam 5678 M/T Future
14| 280 114 2 Dos Bocas terminal 5678 M/T Banner
15 280 114 3 Qingdao 5678 M/T Sun
16 | 280 114 5 Dos Bocas terminal 5678 M/T Star
17| 280 114 1 Yeosu 5678 M/T Brave
18| 300 124 3 Dos Bocas terminal 2678 M/T Queen
191 290 119 5 Le Havre o678 M/T Fortune
20| 300 124 1 Dos Bocas terminal o678 M/T Roses
21| 280 114 1 Zirku field 5678 M/T Tiger
22| 280 114 5 Ulsan 5678 M/T Todol
23] 280 114 2 Zirku field 5678 M/T Freedom
24| 290 119 5 Mailiao 5678 M/T Zafiro
25| 300 124 1 Zirku field 5678 M/T Orang
26| 290 119 2 Qingdao 5678 M/T Tosik
27| 280 114 1 Zirku field 5678 M/T Justice
28| 300 124 5 Wilhelmshaven 5678 M/T Lucy
29| 280 114 1 Zirku field 5678 M/T Tousoon
30| 300 124 4 Constanta 5678 M/T Power




Table 82 Al4itA 3ol AEH ZEH Ho|th 427 A9 < AF A
o HA3 my AMEPANA e AT ad Aol g SHEANA A
e AFo FE8E West AfricaolA Europel. 2 35,250,000 ®i™,
North America2 3,410,000 ®l¥, Far EastZ 7,251,000 #®j¥€, Gulf of
Mexicooll 4] North AmericaZ 33,715,000 ¥l 2 12|32 Middle EastollA Far
East® 33,999,000 vidol3lt}. ol t=3 Af7|del &71'HE00d) A#
FEAGe] "ok Al 7|3 < TR ANAFRE FFAY) ] AT
5o HAZ} =Y AMETS FHOE 7 ZANES dd A
(productivity per day)s} 71 SHE 5}
2 I8a, B3 4AEY FE3E &3S 1yt FEEooF & &
S 607 E YAt

Table 8 3}= HolH

Size | Freight | Load Disch. .
D (1,000 MT) (1,000%53;) Date R o Date 2SO Tyme
1 271 465 33 | Bonny offshore terminal 50 Rotterdam 5
2 235 465 52 | Bonny offshore terminal 69 Rotterdam 5
3 270 465 57 | Bonny offshore terminal 74 Rotterdam 5
4 278 465 67 | Bonny offshore terminal 84 Rotterdam 5
5 212 465 22 | Bonny offshore terminal 39 Rotterdam 5
6 218 465 40 | Bonny offshore terminal 57 Rotterdam 5
7 265 465 19 | Bonny offshore terminal 36 Rotterdam 5
8 265 562 55 | Bonny offshore terminal 75 Constanta 5
9 252 562 47 | Bonny offshore terminal 67 Constanta 5
10| 271 653 45 | Bonny offshore terminal 69 Le Havre 5
11| 234 653 13 | Bonny offshore terminal 37 Le Havre 5
12| 254 653 64 | Bonny offshore terminal 88 Le Havre 5
13| 278 653 35 | Bonny offshore terminal 59 Le Havre 5
14| 205 486 61 | Bonny offshore terminal 79 Wilhelmshaven 5
15| 255 486 24 | Bonny offshore terminal 42 Wilhelmshaven 5
16| 202 486 16 | Bonny offshore terminal 34 Wilhelmshaven 8
171 267 486 49 | Bonny offshore terminal 67 Wilhelmshaven 8
18| 230 486 29 | Bonny offshore terminal 47 Wilhelmshaven 8
19| 213 456 43 | Bonny offshore terminal 60 New York 8
201 219 502 27 | Bonny offshore terminal 45 Halifax 8




21| 245 993 25 | Bonny offshore terminal 64 Ningbo 5
22| 235 990 28 | Bonny offshore terminal 68 Qingdao 5
23| 238 999 37 | Bonny offshore terminal 78 Yokohama 5
24| 200 995 31 | Bonny offshore terminal 71 Yeosu 5
25| 242 240 29 Dos Bocas terminal 38 Halifax 6
26| 227 240 31 Dos Bocas terminal 40 Halifax 6
27| 221 240 43 Dos Bocas terminal 52 Halifax 6
28| 254 240 15 Dos Bocas terminal 24 Halifax 6
29| 268 240 56 Dos Bocas terminal 65 Halifax 6
30| 251 218 27 Dos Bocas terminal 35 Philadelphia 6
31| 233 218 67 Dos Bocas terminal 75 Philadelphia 6
321 213 218 23 Dos Bocas terminal 31 Philadelphia 6
33| 223 218 41 Dos Bocas terminal 49 Philadelphia 6
34| 266 192 18 Dos Bocas terminal 25 New York 6
35| 202 192 55 Dos Bocas terminal 62 New York 6
36| 236 192 11 Dos Bocas terminal 19 New York 6
37 232 192 25 Dos Bocas terminal 32 New York 6
38| 241 140 35 Dos Bocas terminal 38 LOOP 6
39| 253 140 51 Dos Bocas terminal 54 LOOP 6
40| 238 140 20 Dos Bocas terminal 23 LOOP 6
41| 230 140 38 Dos Bocas terminal 41 LOOP 6
42| 238 140 33 Dos Bocas terminal 36 LOOP 6
43| 265 612 62 Zirku field 84 Ningbo 7
44 | 223 612 31 Zirku field 53 Ningbo 7
45| 244 612 48 Zirku field 70 Ningbo 7
46| 250 638 21 Zirku field 44 Qingdao 7
47| 231 638 27 Zirku field 50 Qingdao 7
48 | 256 638 43 Zirku field 66 Qingdao 7
49| 236 554 69 Zirku field 89 Mailiao 7
50| 225 554 35 Zirku field 55 Mailiao 7
51| 270 662 29 Zirku field 53 Sakai 7
52| 275 683 13 Zirku field 38 Yokohama 7
53| 217 683 50 Zirku field 75 Yokohama 7
54| 267 683 17 Zirku field 42 Yokohama 7
55| 221 683 40 Zirku field 65 Yokohama 7
56| 232 636 11 Zirku field 34 Yeosu 7
57| 208 636 15 Zirku field 39 Yeosu 7
58| 208 636 35 Zirku field 58 Yeosu 7
59| 267 644 61 Zirku field 84 Ulsan 7
60| 209 644 25 Zirku field 48 Ulsan 7




Table 9= A& stqadzte] Aol 28Ity 28 A ZHTime)2
B717} 11.0 Knot= &sfistitiar 7t Al4tst

Table 9 4233 stz Aot 28 A%

Loading port Discharging port Distance (NM) Time (day)
Bonny offshore terminal Ningbo 10082 38.19
Dos Bocas terminal Ningbo 9911 37.54
Zirku field Ningbo 5766 21.84
Bonny offshore terminal Qingdao 10330 39.13
Dos Bocas terminal Qingdao 9900 37.5
Zirku field Qingdao 6014 22.78
Bonny offshore terminal Mailiao 9530 36.1
Dos Bocas terminal Mailiao 10209 38.67
Zirku field Mailiao 5225 19.79
Bonny offshore terminal Yeosu 10307 39.04
Dos Bocas terminal Yeosu 9499 35.98
Zirku field Yeosu 5995 22.71
Bonny offshore terminal Ulsan 10383 39.33
Dos Bocas terminal Ulsan 9396 35.59
Zirku field Ulsan 6075 23.01
Bonny offshore terminal Yokohama 10718 40.6
Dos Bocas terminal Yokohama 9010 34.13
Zirku field Yokohama 6439 24.39
Bonny offshore terminal Sakai 10520 39.85
Dos Bocas terminal Sakai 9306 35.25
Zirku field Sakai 6241 23.64
Bonny offshore terminal Halifax 4736 17.94
Dos Bocas terminal Halifax 2265 8.58
Zirku field Halifax 6457 24.46
Bonny offshore terminal New York 4301 16.29
Dos Bocas terminal New York 1808 6.85
Zirku field New York 6875 26.04
Bonny offshore terminal Philadelphia 5196 19.68
Dos Bocas terminal Philadelphia 2051 7.77
Zirku field Philadelphia 8287 31.39
Bonny offshore terminal LOOP 5906 22.37




Dos Bocas terminal LOOP 639 2.42
Zirku field LOOP 9438 35.75
Bonny offshore terminal Rotterdam 4380 16.59
Dos Bocas terminal Rotterdam 4937 18.7
Zirku field Rotterdam 6352 24.06
Bonny offshore terminal Constanta 5296 20.06
Dos Bocas terminal Constanta 6684 25.32
Zirku field Constanta 4034 15.28
Bonny offshore terminal Le Havre 6156 23.32
Dos Bocas terminal Le Havre 4752 18
Zirku field Le Havre 6156 23.32
Bonny offshore terminal Wilhelmshaven 4580 17.35
Dos Bocas terminal Wilhelmshaven 5074 19.22
Zirku field Wilhelmshaven 6552 24.82
Fig. 162 ¢1¢] A8k 3l&5, A ARE HHoE T32F HHo Al &
A4S JellE= MoDiSS 213 3} ot}
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File Bl Oplivice Repurl Wik Help
P [EERE
A Scheduls -alx
BHEa" [ TR
St iz Lt g SHIFNAWE | _UTIL | CARGO | W5 | LOADING L DATEIDISCH. PORT]_D. B
T ROSITION | CRG0 TYPE 4 36 |M/T Freedom 114 18 486 Bonny offshore 129 Wilhelmshaver 47
elemind G678 ¥ 3 114 4 465 Bonny offshore 167 Rotterdam 84
B ) ] o Mrzaie 18 FR Zikufid 43 Oingdn B
38 MM Drang 124 28 240 Dos Bocas termit 15 Halifax i}
40 124 9 562 Bnnn;m}f:hnlel»ﬂ Constanta 67
MMk 119 W@ 64 Zikufid 25 Ulen [
42 |M/T Justice 114 ] 465 Bonny offshore 22 Rotterdam 39
114 3 465 Bonny offshore 157 Rotterdam 74
A4 |M/1 Lucy 124 a Y43 Bonny oftshore 2o Ningbo b4
A5 [W/T Towsoon 114 57 66 Zikufild 15 Yooeu 2
4 14 4 612 Zirku field 62 Ningho )
47 |M/T Power 124 4 638 Zirku field 2 Qingdao 44
48 MaxVau2 = 221%
48 |Elapsed Time:: Om: 1%
50 {Total Number of Yariables 3229 i
1 |
N Selion -9%
Vaiable Name Valie A
L1 [ 10 5300 [ 1.0000000
[ 2 o lii 56400 | 10000000 F
[ 3 xm 1m | i
§ o 100 £2300 | 1.000000
(5 i 10 VSEE00 | 1.0000000
(0 o 100 1900 | 10000000
K R 10 700 | 1.0000000 3
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Table 102 9] 2¢

Table 10 XA} ATEE o] &3 HF

& B8t =58 A 4

o =
Z &3t

QA

go] Aot

REERE

., Cargo | Opr. Cost . Load Discharging Disch.
Sl ke ID (1,000 USS) ORI O date port date
M/T Platinum 53 114 Zirku field 50 Yokohama 75
M/T Titanium 54 119 Zirku field 17 Yokohama 42

Dos Bocas
34 114 terminal 18 New York 25
M/T Tungsten Bonny offshore
10 114 terminal 45 Le Havre 69
20 119 Bonny offshore | o7 Halifax 45
terminal
M/T Cobalt Dos Bocas
29 119 terminal 56 Halifax 65
. Bonny offshore :
M/T Victory 22 124 tofainal 28 Qingdao 68
M/T Warden 47 119 Zirku field 27 Qingdao 50
Bonny offshore
M/T Valhalla 24 124 B nin% 31 Yeosu 71
M/T Dragon 58 114 Zirku field 35 Yeosu 58
Dos Bocas
40 114 =, 20 LOOP 23
Dos Bocas : :
30 114 teafH) 27 Philadelphia 35
MIT Duke Dos Bocas
27 114 e inal 43 Halifax 52
Dos Bocas : :
31 114 terminal 67 Philadelphia 75
M/T 52 114 Zirku field 13 Yokohama 38
Millennium 49 114 Zirku field 69 Mailiao 89
M/T . ] ]
Vladivostok 45 119 Zirku field 48 Ningbo 70
16 119 Bonny offshore | 15 | Wilhelmshaven | 34
. erminal
M/T Junior Bonny offshore
2 119 terminal 52 Rotterdam 69
Dos Bocas
37 124 terminal 25 New York 32
M/T Future 5 tfh
17 124 On?gﬁgmzl ore 49 Wilhelmshaven 67
M/T Banner 56 114 Z%rku f%eld 11 Yeosu 34
59 114 Zirku field 61 Ulsan 84
M/T Sun 55 114 Zirku field 40 Yokohama 65




15 114 Bonny offshore | o) | \ihelmshaven | 42
terminal
M/T Star
14 114 Bonny offshore | ¢) | Wilhelmshaven | 79
M/T Brave 44 114 Zirku field 31 Ningbo 53
7 124 Bonny offshore 19 Rotterdam 36
terminal
MIT Queen Bonny offshore
8 124 terminal 55 Constanta 75
Bonny offshore
M/T Fortune 13 119 terminal 35 Le Havre 59
Dos Bocas
36 124 terminal 11 New York 19
MIT Roses Bonny offshore
23 124 terminal 37 Yokohama 78
1 114 Bonny offshore | 44 Le Havre 37
. terminal
MIT Tiger Bonny offshore
12 114 terminal 64 Le Havre 88
M/T Todol 51 114 Zirku field 29 Sakai 53
18 114 Bonny offshore | o9 | winelmshaven | 47
terminal
M/T Freedom Bonny offshore
4 114 B inat 67 Rotterdam 84
M/T Zafiro 48 119 Zirku field 43 Qingdao 66
Dos Bocas ;
28 124 0 15 Halifax 24
MIT Orang Bonny offshore
9 124 A 47 Constanta 67
M/T Tosik 60 119 Zirku field 25 Ulsan 48
5 114 Bonny offshore 22 Rotterdam 39
. terminal
MIT Justice Bonny offshore
3 114 terminal 57 Rotterdam 74
Bonny offshore .
M/T Lucy 21 124 terminal 25 Ningbo 64
M/T Tousoon 57 114 Zirku field 15 Yeosu 39
u
43 114 Zirku field 62 Ningbo 84
M/T Power 46 124 Zirku field 21 Qingdao 44

Transported cargo ID
21, 22, 23, 24, 27, 28, 29, 30, 31, 34, 36, 37, 40, 43, 44,

22, 3,4,5, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20,

45, 46, 47, 48, 49, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60

Total transported cargo: 47 cargos, 11,388,000 MT
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ID (1,?302?/1@ ODI;fg Initial Position %ifrpgeo Name
31 280 25 Bonny offshore terminal 5678 M/T Aquarius
32 245 24 Bonny offshore terminal 5678 M/T Ariel
33 240 30 Dos Bocas terminal 5678 M/T Carina
34 290 31 Bonny offshore terminal 5678 M/T Courageous
35 280 23 Dos Bocas terminal 5678 M/T Defender
36 290 41 Bonny offshore terminal 5678 M/T Eclipse
37 290 38 Dos Bocas terminal 5678 M/T Jupiter
38 230 36 Dos Bocas terminal 5678 M/T Leo
39 300 23 Dos Bocas terminal 5678 M/T Mira
40 290 2 Yokohama 5678 M/T Navigator
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Ship Scheduling System
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T [ [ SHIPNAME | UTIL | CARGO | W5 | LOADING [L DATE|DISCH PORT] D_ B
NAWE __ [SiZE UTILITY]OPENDATE]_INITIALPOSITION [ CARGO TYPE 4] [0 |M/T Aquarius 114 13 653 Bonnyoffshore 35 LeHawe 59 M
W/ Pltren 260 114 7 Yeoa 5678 *| [s2|Wmaidl 105 18 486 Bonnyofishoret23  Wilhelnshaver 47
[N | [@MACaina 100 23 %99 Boyolhoet3  Vokohma 78
| 54 [M/T Cowageou 119 24 %5 Bomyolfshoie 31 Yeosu il
Caigo frfomition _ﬁﬁ_MIT Defender 114 26 240 Dos Bocas temi 31 Halifax 40
|8 [W/TEchipse 119 18 455 Bomyolfshoie 43 NewYok 60
Zikuted [ 57 [M/Thwpiter 119 10 853 Bomyolfshoie 45 LeHawe 69
(BTl @ 5 465 Bomyolfshoiet40  Rolledam 57
|88 [WTHa 14 2 390 Bomyolfshoiet28  Qingdao 68
| B0 [M/T Navigator 1113 50 554 Zirku field £ Mailiao 55
1 ﬂﬂ | B1 [Max Vaue 7 = | 24679
' - | 62 |Elapsed Time - Om-3s
1 ‘Ship -1 sz IleFE ]::;EHLD SCALE]ZA 7 |5H|P|D ]U ] : 124 J ] J ] 1 63| Total Number of Yariables 9987 B
TolshpD:1 3 5 45 Az FEE] I [
WA T T B (T Noon [
[4lshpiD-1 8 5 52 4] 04 | g
| 5 |ShiplD: 1 B |5 562 @[5 0|5 [ VYariable Name Vahie &
[ 6lshpiD:1 12 5 633 : [ 6] 06 |2 I 10 £2200 | 1.0000000
[ 705hplD:1 14 5 486 1] 07 [ | 2 [xe 100 12800 | 1.0000000
[ BlShplD:1 17 &8 486 e N [ 3 [0 100 56300 | 1.0000000
[ 9lShplD:1 27 6 240 IR 09 (1™ | 4 [xrs05 100 £1300 | 1.0000000
[10]ShplD:1 29 6 240 ¢ ] 09 [ L5 [xres0 100 SB500 | 1.0000000 |
[1ShplD:1 31 6 218 TR 010 | e e 100 S5400 | 1.0000000
[12]ShplD:1 35 6 192 ¢ [12]1 01 | e 100 4800 | 1.0000000
[13]ShplD:1 39 6 (M0 : (131 TR |8 [xw 100 4300 | 1.0000000
[MshplD:1 43 7 612 FETIR 0 113 (1 [ L9 [xs1 100 S5400 | 1.0000000
15[shplD: 1 44 7 612 ¢ [15]1 0 1324 | 10 [es01 100 G900 | 1.0000000 &
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Table 12 &84 ATs F71s HE LFIAHAY
., Opr. Cost | Cargo . Load Discharging Disch.
SImip” I (1,000 USS) ID Lz Lo date port date
M/T Platinum 114 58 Zirku field 35 Yeosu 58
119 56 Zirku field 11 Yeosu 34
M/T Titanium
119 43 Zirku field 62 Ningbo 84
M/T Tungsten 114 55 Zirku field 40 Yokohama 65
M/T Cobalt 119 46 Zirku field 21 Qingdao 44
124 7 Bon{grgifrflglllore 19 Rotterdam 36
M/T Victory
124 59 Zirku field 61 Ulsan 84
M/T Warden 119 53 Zirku field 50 Yokohama 75




Dos Bocas

124 34 terminal 18 New York 25
Dos Bocas
M/T Valhalla 124 38 terminal 35 LOOP 38
Dos Bocas .
124 27 terminal 43 Halifax 52
Bonny offshore
M/T Dragon 114 9 terminal 47 Constanta 67
Dos Bocas
114 37 terminal 25 New York 32
M/T Duke B tf<h
114 17 On‘I[ngOlinZl Of€ | 49 | Wilhelmshaven | 67
M/T Bonny offshore .
Millennium 114 21 terminal 25 Ningbo 64
M/T . : ]
Vladivostok 119 45 Zirku field 48 Ningbo 70
. Bonny offshore
M/T Junior 119 11 terminal 13 Le Havre 37
Bonny offshore
124 5 tdpinal 22 Rotterdam 39
M/T Future Bonny offshore
124 12 i o 64 Le Havre 88
114 28 Dos Bocas 15 Halifax 2
terminal
Dos Bocas
114 42 . 33 LOOP 36
M/T Banner o,
114 33 Lo ON 41 Philadelphia 49
Dos Bocas : :
114 31 terminal 67 Philadelphia 75
M/T Sun 114 48 Zirku field 43 Qingdao 66
Dos Bocas
114 41 . 38 LOOP 41
M/T Star Dterrr];mal
0s Bocas
114 39 terminal 51 LOOP 54
M/T Brave 114 51 Zirku field 29 Sakai 53
124 16 | Bonny offshore | 15 | \ihelmshaven | 34
terminal
MIT Queen Bonny offshore
124 8 terminal 55 Constanta 75
Dos Bocas : :
119 32 terminal 23 Philadelphia 31
MIT Fortune Bonny offshore
119 2 terminal 52 Rotterdam 69
Dos Bocas
M/T Roses 124 36 terminal 11 New York 19




Dos Bocas

124 25 terminal 29 Halifax 38
Bonny offshore
124 3 terminal 57 Rotterdam 74
114 54 Zirku field 17 Yokohama 42
M/T Tiger
114 49 Zirku field 69 Mailiao 89
M/T Todol 114 44 Zirku field 31 Ningbo 53
Dos Bocas
114 40 terminal 20 LOOP 23
Dos Bocas . .
M/T Freedom 114 30 terminal 27 Philadelphia 35
Dos Bocas
114 35 terminal 55 New York 62
M/T Zafiro 119 47 Zirku field 27 Qingdao 50
M/T Orang 124 57 Zirku field 15 Yeosu 39
M/T Tosik 119 60 Zirku field 25 Ulsan 48
114 15 | Bonny offshore | 54 | wilhelmshaven | 42
M/T Justice B ffsh
114 14 On{grrgmgl Of€ | 61 | Wilhelmshaven | 79
124 YNNI 0 | 33 Rotterdam 50
MIT Lucy Bonny offshore
124 4 terminal 67 Rotterdam 84
M/T Tousoon 114 52 Zirku field 13 Yokohama 38
124 90 | Bonny offshore | o7 Halifax 45
terminal
M/T Power Dos Bocas
124 29 terminal 56 Halifax 65
., Freight Cargo . Load Discharging Disch.
Ship” s name (1,000 USS) ID Loading port date port date
. Bonny offshore
M/T  Aquarius 653 13 terminal 35 Le Havre 59
M/T Ariel 486 18 | Bonny offshore | 59 | Wilnelmshaven | 47
. Bonny offshore
M/T Carina 999 23 terminal 37 Yokohama 78
M/T Bonny offshore
Courageous 995 24 terminal 31 Yeosu 1




M/T Defender | 240 26 Pos Bocas 31 Halifax 40
M/T Eclipse 456 19 | Bonny offshore [ y3 New York 60
M/T Jupiter 653 10 Bon{lgrrgggkllore 45 Le Havre 69

M/T Leo 465 6 Bon{glrrgifgglllore 40 Rotterdam 57
M/T Mira 990 pp | Bomny offshore | = 5 Qingdao 68
M/T Navigator 554 50 Zirku field 35 Mailiao 55

Transported cargo ID: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60
Total transported cargo: 60 cargos, 14,384,000 MT
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