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Abstract - The ofishore oil production requires a huge amount of cost and time accompanied by multiple variables due to the peculiar
nature of ‘offshore’ And every process concerned is controlled by elaborate series of plans or reducing loss of lives, environment and
property. This paper treats an optimization problem for ofishore oil production and transportation. We present an ofishore production and
transportation network to define scope of the problem and construct a mixed Integer linear programming model to tackle it. To
demonstrate the validity of the optimization model presented, some computational experiments based on hypothetical ofishore oil fields
and demand markets are carried out by using MS Oflice Excel solver. The downstream of the ofishore production and transportation
network ends up with the maritime transportation problem distributing the crude oil produced from offishore fields to demand markets.
We used MoDiSS(Model-based DSS in Ship Scheduling) which was built to resolve this maritime transportation problem. The paper
concludes with the remark that the results of the study might be meaningfilly applicable to the real world problems of ofishore oil
production and transportation.

Key words - Ofishore production; Ofishore field; Ofishore plant; Well cost; Optimization, Maritime transportation problem, Mixed integer
programing, Set Packing Problem
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Fig. 1 Onshore vs. Offshore Oil Production (Infield system,

2013)
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Fig. 2 Offshore production-transportation network
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[Datal

We,;; + Well cost of well 4 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 ($US/Thousand bbls)

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

I ($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)

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

[Decision Variables]

w,; + The binary variable to select well 1 of the field f in
OP p
X, Quantity of crude oil shipped from OP p to local

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

D
bbls)

Formulation [MILP1]
Moz Z= ZXIJ (Pe, —5c,) X, — Z;E We, w, ., — Y He, T, )
p p v P

s.t.

EZ Piw,; = Tp,  for all p @)
é]gSpriw])fl < Dcp for all p 3)
Y.X,=D, foralll )
1:§ S, for all p S)
%]E Pw,; — Xl]Xpl—[p =0 for all p ©)

wpfje{o’ 1}, X}’“'IP Z07 fO’f’ all pv f7 iv p7 l (7)
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Table 13} 2t}
Table 1 Hypothetical Offshore fields
Field Field Annual Quarterly # of
Plant Field Capacity Life | Production | Production | Production
(1000 bbls) | (yrs) | (1000 bbls) | (1000 bbls) well
1 | 1,100,000 | 21 52,381 13,095 6
2 1,200,000 22 54,545 13,636 7
West
K 3 950,000 20 47,500 11,875 5
Africa
4 1,250,000 23 54,348 13,587 8
5 1,400,000 25 56,000 14,000 10
1 1,050,000 21 50,000 12,500 6
Gulf of 2 1,000,000 20 50,000 12,500 5
Mexico 3 850,000 18 47,222 11,806 4
4 1,200,000 23 52,174 13,043 8
i 1 1,300,000 24 54,167 13,542 8
Middle
Fast 2 1,250,000 22 56,818 14,205 7
S
3 1,200,000 19 63,158 15,789 4
4.1 ol M7 Mato] x[Xs}
A7) g FAEAA AR 9% $87% Europe,

89 7} 2949 $9%L Table 29} 2t} e A
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Table 2 Demand of local market (Unit: 1000 bbls)

Local market High demand Low demand
Europe 47,000 35,250

North America 49,500 37,125
Far East 55,000 41,250

Table 33} 2t}
} 729 85% FroE AF

o >
e Al S

fo

Table 3 target production of offshore plant
(Unit: 1000 bbls)

Offshore plant High demand Low demand
West Africa 62,000 52,700
Gulf of Mexico 47,000 39,950
Middle East 42,900 36,465
Optimal Selution 47000 o 1104 2| 4300, L 0. [ 4353 3798, L 9 4893901988
Deciion Vaiiles  Nabu  Raia Nafie  Xumu  Xuma X Nmew N Xuelr ff Bs Ime
LH RHS
am = A e
S = S0 s
£5% = a0 mae
626 <= 66194 DCAF
2349 <= 49849 pCus
JrAiDun Sendritn
1 1 1 47000 eq | 47000 Demand £
1 1 1 #3500 eq 49300 DemandhA
1 1 1 55000 eg | 55000 DemandFE
1 1 <~ 7000 insencory AF
1 348 <= 7000 Inventory US
1 0 <= 7000 Inventory ME
1 1 ] a 0 & 0
Censtramtid -1 1 it -1 0 e 0
Constramt!s. -1 By -l Y 0 eq 0
Microsoft Excel 14.0 Answer Repnrl
[o# fsm]OffshorePET{Max - High demand)
Report Created: 02/0972045 21 42-08
Result: Solver found an integer solution within tolerance. All Constraints are satisfied.
Solver Engil
Engine: Simplesx LF
Solution Time: 0.883 Seconds,
Iterations: 2 Subproblems: 15962
Solver Options
Max Time Uniimited, Iterations Unfimited, Precision 0.000001, Use Automatic Scaling
Max Sebproblems Unfimited, Max Integer Sols Unhmited, Integer Tolerance 1%, Assume NonNegative
Cbjective Cell (Max)
Call COriginal Value Final Valus
SCN33 Optimal Solution Objective Function Value - 4,833 511,588
Constraints
Hame Cell Status Slack
[ 4 LHS & jot Binding 3532
[ LHS Jinding [
3 [ LHS inding ]
3 [ LHS bmding ]
[ LH: inding o
[& LHS ing ]
Constramt1d LHS ot Binding 3202
[ intt1 LHS E] CNE <=3CP317_Not Binding 80951
Constraintti2 LHS [] “‘NS‘&% PS8 lot Binding 7003
3 = intid LHS. 0_SCh: Sinding
E C: 14 LHS ] inding :l
3 C LHS [ nding [
A C LH: 62,262 jot Binding 202
i c Z LHS . . Not Binding 7845
< LHS 5 lot Binding 838
SK33:3CI53=Hinary

Fig. 3 Offshore production optimization (high market
demand)

Wus23 - 1
Wus33 -1

Wasd3 - 1 Wusd7 -1 Wus48 - 1
Wmeld -1 Wmeld-1 Wmel5-1 Wmel6-1 Wmel7-1 Wmel8-1
Wme23 -1 Wme24-1 Wme25-1 Wme26-1 Wme27-1

Wme33 -1 Wmed4-1

Fig. 4 Well selection(high market demand)

Fig. 3& =& A4 $29 390 % A4 e H3
Avtoln, Fig. 4% olw z} A4k §49] 7Hs 955 vepai.
Aed 2A7L e rlaie, e A X vI7HE0)

22 A Fad A9, Al F8E TF5A1717] A8k
West africa®] 271E #|9]3t e A2 F4& 71&st9th
9] %42 West Africa®ll Xl Europe .= 47,000,000 8] &, Far
East= 11,464,000 8] &, Gulf of Mexicooll 4] North America®
49,500,000 ¥l —12]3 Middle Eastol| 4] Far EastZ 43,536,000
wHolth AL West Africacll Al 3,798,000 w2, Gulf of
Mexicooll A 349,000 v H o] dAstA T WAk 74
oA Ao St v FER 2 A, v LS A
3 =92 4,893,911,988 US$o| T

S
Sl we A% Fa9 B9l ANAY Astelth Fig
S e AF R Agel A A el 243 A9

#Ael b olne

e

Gejective Funcion Valua

Optimal Solution 0w 72 o mms o o o e 700 700 28 341700415
Decision Varibles  Xafen | Xafta  Xaffe  Xuse Xusna Xusfe Xmeew Xmena Xmefe Iaf  lus
Objective Function Coeff. | 19319 €710 42488 8308 €728 68187 27832 21781 27680 29940 8300 040
LES
Cortrint1 5201 >=
015 =
36508 >= | 36465 TP ME
291 < | 66194 pcaF
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36508 <=
1 i 1 3520 eq
% 1 1 5 e
1 1 1 4250 eq
1 00 <
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Microsoft Excel 14.0 Answer Repur\
Worksheet: [Of fsm)cr
Report Craated: 02/03/2015 iy
Result: Solver found sn integer solution within tolerance. All Constraints are satisfied
Solver Engine
Engine: Simplex LP
Sclution Time: 1,201 Seoonds.
Iterations: 2 Subproblems: 2189
Solver Options.
Maoe Time Uniimited, Itarstions Unfimitess, Precision 0 000001, Use Automatic Scafing
Mo Subproblents Unfimitad, Mao Inteper Sols Unfimited, Integer Tolerance 1%, Assume NonNegstive
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Ctjective Call (Max)
Cell

Final Value
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Fig. 5 Offshore production optimization (low market
demand)

} Wakth -0 Watis- 1
Was1-1 Was4-1 WaSS-1 Wafs9 -1 WaS10
Wusll-1 Wusl2-1 Wusl3-0 Wusl4 -1
Wus21-1 Wus22-1 Wus23-1 Wus24 - 1
Was31-1 Wus32-1 Wus33-1 Wus34-1
Wus41-0 Wusd2-1 Wusd3-0 Wus44-1 Wusd45 -1 Wusd6-1 Wusd7-1 Wus48 - 0
Wmell -1 Wmel2-1 Wmeld-0 Wmeld-0 Wmel5-1 Wmel6-1 Wmel7-1 Wmel8-0
Wme2l -0 Wme22-1 Wme23-1 Wme24-1 Wme25-1 Wme26-1 Wme27-1
Wme3l-1 Wme32-1 Wme33-1 Wme34-1

Fig. 6 Well selection(low market demand)
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o] 57} 2@ aL, Middle East®] 470¢] A4k 5742 7Hso] FX
Ak A9 48 West Africacl 4] Europe -2 35,250,000

Z:!

A8}

MoDiSS Z 213 9]

AR

o] duk 2k&E, Table 59 22 % 3& A5, 182

Z—l]— i
vl &, North America® 3,410,000 ¥] 2, Far East® 7,251,000 v &3} 3}938-7ke] A7} Q35 Table 59F 22 4% 35
4, Gulf of Mexicol 4] North America® 33,715,000 ¥l 18] AEi&= 41804 & AF 2 499 d)d 44 Aite]
31 Middle Eastoll 4] Far EastZ 33,999,000 wjZo|t} A= A3 AMEY AxE nfgoz 7z ZHES dd Atk
West Afticaol| 4] 7,000,000 ¥ =, Gulf of Mexicooll A 7,000,000 3} AFAIAHS] &, &3 7153 BAE 5535 842
w8 12]al, Middle Eastoll A 2,509,000 i o] A&k}, 1346}04 gz 57199 1 271(902)7He) Ui 5
AT AR AN F40 G g3} £5u 1 FE 5E 60 Uirel UE ol
g3, AN LS A £59L 3417,600,415 US$O] ). Table 5 Cargo data
g A Arke] HH st dAlle = AR Al Size | Eroioht | Load Disch| .
~ _ ID | (1,000 i o | D Load Port Pis Disch. Port | Type
A oo W& AAA S (market share) A3S a3k A3 un |
= i = 1 |271 465 33 Bonny terminal 50 Rotterdam 5
S, 7 BAEY AR5 2 Ang ol U FoE o Y
2 |235 465 52 Bonny terminal 69 Rotterdam 5
Fg vty 2 4 v} -
3270 465 57 Bonny terminal 74 Rotterdam 5
41278 465 67 Bonny terminal 84 Rotterdam 5
4.2 Y M7 £&29| 23t 5212 465 | 22 | Bonny terminal | 39 | Rotterdam | 5
H Ho| = 99 F AIANE F IFe A 389 6 [218 | 465 40 Bonny terminal 57 Rotterdam 5
%94 EE S %’_—Zﬂ% E}—ET—E]— E]__:L'L;El 5_4'%7] (\}:}% X]—/‘\_]Q/] §}%% 7 1265 465 19 Bonny terminal 36 Rotterdam 5
N _ 8 | 265 562 55 Bonny terminal 75 Constanta 5
ueh AAA, HHom AN SEe] A% BAoR 30 |
. o 9 | 252 562 47 Bonny terminal 67 Constanta 5
s kel Al A~ e ~ “IT A =
_"4 X} } 'LT'_A 280,000 ~ 300,000 D VLCC ‘th = 1 10 | 271 653 45 Bonny terminal 69 Le Havre 5
3t s A& A AK(industrial carrier)= 7} 3sto] S & - omitted -
WENA PakE AFE FoX7A] #4538 FAE Fo% 30251 | 218 27 | Dos Bocas terminal | 35 | Philadelphia | 6
}\\jﬂh §]_%’ EOL:FLZJ' 7,] ‘j/] Oﬂ EH 31 A AR 2 2= >~ o] :_EH§]_ s} g’: 31233 218 67 Dos Bocas terminal | 75 Philadelphia 6
- = = 321213 218 23 Dos Bocas terminal | 31 Philadelphia 6
A= HA e A SFLAHS =& MoDiSS Z & 17]& : : ;
o . 331223 218 41 Dos Bocas terminal | 49 Philadelphia 6
A Z % = 5]
Fg-sted 1 HA s & 34 | 266 192 18 | Dos Bocas terminal | 25 New York 6
Table 4 Ship data 351202 192 55 Dos Bocas terminal | 62 New York 6
5 o 36 | 236 192 11 Dos Bocas terminal | 19 New York 6
Size Opr. Cost | Open - 5a argo
1D | 1,600 M) | (1600 USS) | Date Slhesied Type Name 37(232| 192 | 25 | Dos Bocas terminal | 32 | New York | 6
1 280 114 7 Yeosu 5678 M/T Platinum 38 | 241 140 35 Dos Bocas terminal | 38 LOOP 6
2] 2% 119 5 Bonny terminal 5678 | M/T Titanium 39253 | 140 | 51 | Dos Bocas terminal | 54 LOOP 6
3] 280 114 ! LOOP 5678 | MT Tungsten 40 (238 140 | 20 | Dos Bocas terminal | 23 LOOP 6
41 290 119 3 Bonny terminal 5678 M/T Cobalt -
5 300 124 1 Rotterdam 5678 M/T Victory 41 | 230 140 38 Dos Bocas terminal | 41 LOOP 6
61 290 119 2 Yokohama 5678 M/T Warden 42 | 238 140 33 Dos Bocas terminal | 36 LOOP 6
7 300 124 1 Bonny terminal 5678 M/T Valhalla 43 | 265 612 62 Zirku field 84 Ningbo 7
8| 280 114 4 Ulsan 5678 | M/T Dragon 44 (223 | 612 | 31 Zirku field 53 Ningbo 7
9 280 114 4 Halif: 5678 M/T Duk
aulax_ e 45244 612 | a8 Zitku field 70 Ningbo 7
10( 280 114 1 Bonny terminal 5678 | M/T Millennium - -
11| 290 119 8 Qingdao 5678 | M/T Vladivostok 46 | 250 638 21 Zirku field 44 Qingdao 7
12| 290 119 1 Bonny terminal 5678 M/T Junior 471231 638 27 Zirku field 50 Qingdao 7
13| 300 124 4 Rotterdam 5678 M/T Future 48 | 256 638 43 Zirku field 66 Qingdao 7
14| 280 114 2 Dos Bocas terminal 5678 M/T Banner 49 | 236 554 69 Zirku ficld 39 Mailiao -
15| 280 114 3 Qingdao 5678 M/T Sun 01 225 552 3 Zirka field P Mail p
16| 280 114 | 5 | Dos Bocas terminal | 5678 M/T Star 1u fie arido
17| 280 114 1 Yeosu 5678 M/T Brave 511270 662 29 Zirku field 53 Sakai 7
18| 300 124 3 Dos Bocas terminal 5678 M/T Queen 521275 683 13 Zirku field 38 Yokohama 7
19] 290 119 5 Le Havre 5678 M/T Fortune 530217 | 683 50 Zirku field 75 | Yokohama 7
20| 300 124 1 Dos chas terminal | 5678 M/T R('>scs 54 | 267 683 17 Zirku field » Yokohama 7
21| 280 114 1 Zirku field 5678 M/T Tiger -
221 280 112 5 Ulsan 5678 M/T Todol 551221 683 40 Zirku field 65 Yokohama 7
23| 280 114 2 Zirku field 5678 | M/T Freedom 56232 | 636 11 Zirku field 34 Yeosu 7
24| 290 119 5 Mailiao 5678 M/T Zafiro 57| 208 636 15 Zirku field 39 Yeosu 7
25 300 124 1 Zirku field 5678 M/T Orang 58 | 208 636 35 Zirku field 58 Yeosu 7
26] 2% 19 | 2 Qingdao 3678 MIT Tosik 50267 | 644 | 61 Zitku field 84 Ulsan 7
27( 280 114 1 Zirku field 5678 M/T Justice -
28] 300 124 5 Wilhelmshaven 5678 M/T Lucy 60]209] 644 | 25 Zirku field 48 Ulsan U
29| 280 114 1 Zirku field 5678 M/T Tousoon
30] 300 124 4 Constanta 5678 M/T Power
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Table 6+ loading port®} discharging port?+2] Az} 4AQ
AlZkolth, 42 Al 7K(Time) B717F 11.0 Knot= 335} 9i 1L

Table 7 Optimal schedule by using own tanker fleet

P Cargo| Opr. Cost : Load | 1. g Disch
748k AAbsFa T Ship’s name | “1y™ 10 Uss)|  Loading port | "y, | Discharging port| g
M/T Platinum| 53 114 Zirku field 50 Yokohama 75
Table 6 Distance table between loading and discharging M/T Titanium| 54 | 119 Zitku field 17 | Yokohama | 42
ports M/T 34 114 Dos Bocas terminal | 18 New York 25
Loading port Discharging port | Distance (NM) | Time (day) Tungsten | 19 114 Bonny terminal | 45 Le Havre 69
Bonny terminal Ningbo 10082 38.19 20 119 Bonny terminal 27 Halifax 45
M/T Cobalt
Dos Bocas terminal Ningbo 9911 37.54 29 119 Dos Bocas terminal | 56 Halifax 65
Zirku field Ningbo 5766 21.84 M/T Victory | 22 124 Bonny terminal 28 Qingdao 68
Bonny terminal Qingdao 10330 39.13 M/T Warden | 47 119 Zirku field 27 Qingdao 50
Dos Bocas terminal Qingdao 9900 37.5 M/T Valhalla | 24 124 Bonny terminal 31 Yeosu 71
Zirku field Qingdao 6014 22.78 M/T Dragon | 58 114 Zirku field 35 Yeosu 58
Bonny terminal Mailiao 9530 36.1 40 114 Dos Bocas terminal | 20 LOOP 23
Dos Bocas terminal Mailiao 10209 38.67 M/T 30 114 Dos Bocas terminal | 27 Philadelphia 35
Zirku field Mailiao 5225 19.79 Duke 27 114 Dos Bocas terminal | 43 Halifax 52
- omitted - 31 114 Dos Bocas terminal | 67 Philadelphia 75
Zirku field LOOP 9438 35.75 M/T 52 114 Zirku field 13 Yokohama 38
Bonny terminal Rotterdam 4380 16.59 Millennium | 49 | 114 Zitku field 69 Mailiao 89
Dos Bocas terminal Rotterdam 4937 18.7 MT 45 119 Zirku field 48 Ningbo 70
Vladivostok
Zirku field Rotterdam 6352 24.06 M/T 16 119 Bonny terminal 16 | Wilhelmshaven | 34
Bonny terminal Constanta 5296 20.06 Junior 2 119 Bonny terminal | 52 | Rotterdam | 69
Dos Bocas terminal Constanta 6684 25.32 37 124 Dos Bocas terminal | 25 New York 32
- M/T Future
Zirku field Constanta 4034 15.28 17 124 Bonny terminal 49 | Wilhelmshaven | 67
Bonny terminal Le Havre 6156 23.32 56 114 Zirku field 11 Yeosu 34
M/T B
Dos Bocas terminal Le Havre 4752 18 anner 59 114 Zirku field 61 Ulsan 84
Zirku field Le Havre 6156 2332 MT Sun | 55 114 Zitku field 40 Yokohama 65
Bonny terminal Wilhelmshaven 4580 17.35 M/T 15 114 Bonny terminal 24 | Wilhelmshaven | 42
Dos Bocas terminal Wilhelmshaven 5074 19.22 Star 14 114 Bonny terminal 61 | Wilhelmshaven | 79
Zirku field Wilhelmshaven 6552 24.82 M/T Brave | 44 114 Zirku field 31 Ningbo 53
7 124 Bonny terminal 19 Rotterdam 36
: [SINe) sl = = - M/T Queen -
Fig. 72 $19] Ad} 3&, ARl AHE nfgoz ©&59 3 8 124 Bonny terminal 55 Constanta 75
;i.]l 9/] }“j‘:H T'(_)T%o]'oe] Xo’;% L]—E]—LH;‘E MoDiSS Eil‘%‘ §]—T,Jj 01 1:]—_ M/T Fortune | 13 119 Bonny terminal 35 Le Havre 59
36 124 Dos Bocas terminal | 11 New York 19
M/T Roses -
ShipSchdulgSpen 23 124 Bonny terminal 37 Yokohama 78
e 1| 14 Bonny terminal | 13 | Le Have | 37
M/T Tiger -
12 114 Bonny terminal 64 Le Havre 88
T MT Todol | 51 | 114 Zitku field 29 Sakai 53
T R e 18 114 Bonny terminal | 29 | Wilhelmshaven | 47
tl BB Zibuied 0 ke B M/T Freedom
ke R T 4 114 Bonny terminal | 67 Rotterdam 84
G4 Zirku fickd ] Ulsan 4
e — Lo M/T Zafiro | 48 119 Zitku field 43 Qingdao 66
W et o 6
AT 28 124 Dos Bocas terminal | 15 Halifax 24
W ‘ B8 Zkufid A Qngho 4 M/T Orang
9 124 Bonny terminal 47 Constanta 67
Towp T 2 5w : g
Colpi « 8 48 1 M/T Tosik | 60 | 119 Zirku field 25 Ulsan 48
4:5“"):1 ] E ?EZ f ;@ﬂ,
T B — o 5 114 Bonny terminal 22 Rotterdam 39
[olshm:1 15 46 ‘ S0 : “sz | M/T Justice
B ] T 3 114 Bonny terminal 57 Rotterdam 74
10Shipld: 1 2 B o z
%::E:g: L ! M/T Lucy | 21 124 Bonny terminal 25 Ningbo 64
o wr 57 114 Zitku field 15 Yeosu 39
. . . . Tousoon
Fig. 7 MoDiSS showing optimal schedule 43 114 Zirku field 62 Ningbo 84
fleet M/T Power | 46 124 Zirku field 21 Qingdao 44
Transported cargo ID: 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20,
Table 7 9]¢ AHS Eslo] =35 Ad HAadA 9 21, 22, 23, 24, 27, 28, 29, 30, 31, 34, 36, 37, 40, 43, 44, 45, 46, 47, 48, 49, 51,

Aol et
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52, 53, 54, 55, 56, 57, 58, 59, 60
Total transported cargo: 47 cargos, 11,388,000 MT




A4 - A8
olo . = o=
9ol Aol A Ho] AAF Munto 2= 30% 0] BF 3 MT Sun | 114 | 48 Zirku field 83 Qingdao 66
Aol FHHATN = =35k 6078 T’}’E“Fﬂ_ T 4TS W S 114 | 41 | Dos Bocas terminal | 38 LOOP 41
tar
ZZ5= A3 ysdth o= 3039 AAMAE = =3 114 | 39 | Dos Bocas terminal | 51 LOOP 54
- = = . M/T Brave 114 51 Zirku field 29 Sakai 53
Af7Idel gal 7] st FEFeE %é’\]ﬂt Aol = , .
16 o L N s MIT Q 124 16 Bonny terminal 16 | Wilhelmshaven | 34
3l AL H| 3l T LA ucen
Zhsstthe g euidith whehA v 714 FA 124 8 Bonny terminal 55 Constanta 75
13719 SfEERE oAV P H o= S 3}7 | $13he W For 119 | 32 | Dos Bocas terminal | 23 | Philadelphia | 31
ortune
Table 83} o] Auko]l =17] g]_ %71 9] A (initial pOSitiOl’l) =S 119 2 Bonny terminal 52 Rotterdam 69
_TLE% 5}04 —%— }\] (SpOt market)«] Eu7 2 = 7]_§ ?j Ej‘,ﬁ}cﬂ 74] M/T Roses 124 36 | Dos Bocas terminal | 11 New York 19
= = 124 25 | Dos Bocas terminal | 29 Halifax 38
HaRe @ 5 vk
124 3 Bonny terminal 57 Rotterdam 74
Table 8 Ship data (Chartered tanker fleet) MT Tiger 14 | >4 Zirku field 17 Yokohama 42
> o 114 49 Zirku field 69 Mailiao 89
i en - s argo
D | Size | GPe Initial Position Type Name MT Todol | 114 | 44 Zirku field 31 Ningbo 53
31| 280 25 Bonny terminal 5678 | M/T Aquarius 114 | 40 | Dos Bocas terminal | 20 Loop 2
32 245 24 Bonny terminal 5678 M/T Ariel M/T Freedom | 114 30 | Dos Bocas terminal | 27 Philadelphia 35
33 240 30 Dos Bocas terminal 5678 M/T Carina 114 | 35 | Dos Bocas terminal | 55 New York 62
34 290 31 Bonny terminal 5678 | M/T Courageous M/T Zafiro 119 | 47 Zirku field 27 Qingdao 50
35 280 23 Dos Bocas terminal 5678 M/T Defender M/T Orang 124 57 Zirku field 15 Yeosu 39
36 290 41 Bonny terminal 5678 M/T Eclipse M/T Tosik 119 | 60 Zirku field 25 Ulsan 48
37 290 38 Dos Bocas terminal 5678 M/T Jupiter MIT Justs 114 15 Bonny terminal 24 | Wilhelmshaven | 42
ustice
38 230 36 Dos Bocas terminal 5678 M/T Leo 114 14 Bonny terminal 61 | Wilhelmshaven | 79
39 300 23 Dos Bocas terminal 5678 M/T Mira M/T Luc 124 1 Bonny terminal 33 Rotterdam 50
i
40 290 2 Yokohama 5678 M/T Navigator 4 124 4 Bonny terminal 67 Rotterdam 84
M/T Tousoon | 114 52 Zirku field 13 Yokohama 38
Table 9= 9o A& Exte] w2w M Ao a9 W P | 124 | 20| Bomny terminal | 27 Halifax 45
)\O]_ /(ﬂ o] ]:], 124 29 | Dos Bocas terminal | 56 Halifax 65
M/T Aquarius| 653 13 Bonny terminal 35 Le Havre 59
Table 9 Optimal schedule by using own tanker fleet and M/T Ariel | 486 | 18 | Bonny terminal | 29 | Wilhelmshaven | 47
chartered fleet. M/T Carina | 999 | 23 | Bonny terminal | 37 | Yokohama | 78
Opr. ; M/T Courageous| 995 24 Bonny terminal 31 Yeosu 71
Ship’s name Cgst Cfgo Loading port ]agig Discharging port ]ﬁg
(1,000 USS), M/T Defender | 240 26 | Dos Bocas terminal | 31 Halifax 40
M/T Platinum| 114 58 Zirku field 35 Yeosu 58 M/T Eclipse 456 19 Bonny terminal 43 New York 60
M/T Titanium 22| %° Zirku field 1 Yeosu 34 M/T Jupiter | 653 | 10 | Bonny terminal | 45 | Le Have | 69
1n | 43 Zirku field 62 Ningbo 84 M/T Leo 465 | 6 | Bonny terminal | 40 Rotterdam 57
M/T Tungsten | 114 55 Zirku field 40 Yokohama 65 M/T Mira 990 22 Bonny terminal 28 Qingdao 68
M/T Cobalt 119 46 Zirku field 21 Qingdao 44 M/T Navigator| 554 50 Zirku field 35 Mailiao 55
MIT Victory |—24 | 7 | Bonny terminal | 19 | Rotterdam | 36 Transported cargo ID: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
124 | 59 Zirku field 61 Ulsan 84 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
M/T Warden | 119 | 53 Zirku field 50 |  Yokohama 75 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60
124 34 | Dos Bocas terminal | 18 New York 25 Total transported cargo: 60 cargos, 14,384,000 MT
M/T Valhalla | 124 38 | Dos Bocas terminal | 35 LOOP 38
124 | 27 | Dos Bocas terminal | 43 Halifax 52 olo] A = ° ° -
o| A H o A Ao OJT: 30zlo ZIA /ﬁ
M/T Dragon 114 9 Bonny terminal 47 Constanta 67 el A ] 1 -~ ] D}% o ] H B ./] f ]—
Jo] &4 AMuto Sl E T w
M/T Duk 114 | 37 | Dos Bocas terminal | 25 New York 32 b 1039 §4 AEtoR 6070 EFLE B A
€ T 7 == S T
114 | 17 | Bonny terminal | 49 | Wilhelmshaven | 67 = 4 3LAAL S FHst9en, ol Al 4184 th
i L | 114 | 21 | Bonny terminal | 25 | Ningbo o | oA AR Bo1d df A o]l &)
M/T . . ) 2=A B
Vi o | 19| 4 Zirku field 48 Ningbo 70 A FEA o] "t
M/T Junior 19 | 11 Bonny terminal 13 Le Havre 37 7] £48 dlo] 3Ete Auke xja} Aulol H]Ee] 7|
MIT Fure | ot 3 | Bom terminal | 22 | Rowerdn | ¥ | paowm v g wgo] £aHv, §4AE &9 WE
124 12 Bonny terminal 64 Le Havre 88 o GO, L ] IIH - oﬂ TZ]—EILPQ 0 ]% 9] s o= ol A O
S 7 R 7 5 = 3 =
114 | 28 | Dos Bocas terminal | 15 Halifax 24 S = i oo ToTTaE e
ZZA o3 Al A Tre o 5} I Q o) NEE:
WT B 114 | 42 | Dos Bocas terminal | 33 LOOP 36 = FEAT7] S8 A Adds B dazk gk olH
anner S R=eN 3] P o AL o 3] 2
114 | 33 | Dos Bocas terminal | 41 | Philadelphia | 49 AVGES aEste] A PR AAAGES BAsa AFA A
114 | 31 | Dos Bocas terminal | 67 | Philadelphia | 75 Gdyto 2= FEHEFRY FFo| BUted Aol Ads &4
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