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A Stochastic Model for Optimizing Offshore 0il
Production under Uncertainty

Jihye, Ku

Department of Shipping Management

Graduate School of Korea Maritime and Ocean University

Abstract

Offshore o1l production lies in facing difficulties caused by oil
price decline and unexpected changes in global petroleum logistics.
This paper suggests a stochastic model for optimizing the offshore oil
production under uncertainty. The proposed model incorporates robust
optimization and restricted recourse framework and uses the lower
partial mean as measure of variability of the recourse profit. Some
computational experiments and results using scenario—based data on the
crude oil price and demand under uncertainty are presented. This study
would be meaningful for the decision making in offshore oil production

considering risks under uncertainty.

KEY WORDS: Robust optimization; Stochastic programming; Offshore

production; Offshore plant; Logistic problem; | UZ=WNE; A 3}; WA
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Table 1 Changes of offshore drilling rig counts

Area Last Count Change from | Date of Prior | Change from | Date of Last

Count Prior Count Count Last Year Year's Count

us. | B4R a0 -3 8 April 2016 -514 |17 April 2015

Canada | 154121 | 40 -1 8 April 2016 -40 17 April 2015
Internatio| March _ February _

nal 2016 985 33 5016 266 March 2015

(Source : Baker Hughes (BHD)
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3.2 LA9 B43
B =FdA+= West Africa, Gulf of Mexico, 18] Middle Eastol
A5 AY2kst= offshore plantE R /3t = 7Hdel major oil

companyE /33t o™, Z offshore plant®] A= Table 29} o H,
NABAFEE F7ket 20 tigk Ave 2= Table 337 2o
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Table 2 Outline of Simulated Offshore fields

Field%- o1 7} By
Plant | Field | =M% Field A Ak A AFeF | Production well
(Thousand | =% (&) | (Thousand | (Thousand 7N
bbls) bbls) bbls)
1 1,100,000 21 52,381 13,095 6
West 2 1,200,000 22 54,545 13,636 7
U3 950,000 20 47500 | 11,875 5
Africa
4 1,250,000 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
¢ 2 1,000,000 20 50,000 12,500 5
0 . 3 850,000 18 47,222 11,806 4
Mexico 179 200,000 23 52,174 13,043 8
. 1 1,300,000 24 54,167 13,542 8
Middle
. 2 1,250,000 22 56,818 14,205 7
3 1,200,000 19 63,158 15,789 4
Table 3 Crude oil price and Demand Scenarios
Market demands under
each possible economic
situation Crude oil price under
each possible situation o
_ (Unit: Thousand bbls) Likelihood
Possible of each
economic possible
situation Gulf . €economic
North . West cl)lf l\ggg%e situation
or ar €s i
Europe America East | Africa Mexico
(WTD | (Dubai)
Boom 49,000 51,000 57,500 | 112.5 | 111.8 | 111.3 0.1
Good 39,200 40,800 46,000 90 89.44 | 89.04 0.35
Fair 24,500 25,500 28,750 | 67.5 67.08 | 66.78 0.43
Poor 14,700 15,300 17,250 | 33.75 | 33.54 | 33.39 0.12
- 16 -
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A e weh g oyl oole IHiE A= HHH FAE
7] 9% AnE e 2ol AF Bt

Data

Fe,; : Fixed cost of operating field f in OP p ($US)

We,,; - Well cost of well i in the field f of OP p ($US)

P,.: Productivity of well i in the field f of OP p (Thousand bbls)
Re,, : Revenue in scenario s of crude sales from OP p to local
market [ (§US/Thousand bbls)

D, : Demand in scenario s of local market I (Thousand bbls)
He, : Holding cost of crude storage on shore for OP p
($US/Thousand bbls/day)

Wy

local market 1($US)

. weighting penalty for falling short of demand in scenario s at
w,, : weighting penalty for exceeding demand in scenario s at local
market 1($US)

Dc,,: Design capacity in the field f of OP p(Thousand bbls)
S, : Storage capacity of OP p(Thousand bbls)

Decision Variables

y,; : the binary variable to select the operating field f in OP p

w,; + the binary variable to select wells of the field f in OP p
X, Quantity of crude shipped from plant p to local market I
(Thousand bbls)

Y, : the amount of crude falling short of demand in scenario s at

sl

_’|7_
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local market (Thousand bbls)
Y, : the amount of crude exceeding demand in scenario s at local
market /(Thousand bbls)

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

3.3 A 34 =3 (Deterministic Formulation)

Max 7= %]El]&pl)gjl—%];fﬁcpfypf _;;E Ve, 0, — ;Hcp[p -
2 (o ¥+ Y
[

(unit: $US) oy
s.t.

ZPpﬂwpﬂ—Dcpfypf <0 for al p,f )
X, +Y, —Y =D for alll and s 3)
p

I <8 fordlp (4)
zsz P pw, i —zl]Xpl—[p =0 forall p ®)
X, 1, =0, Y, Y; =0
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Aok @ 7 NFFAANA FH ANE Fol YA
Design Capacity2th ZFAL golok Geh A3 NFFAFS A
ANA FEE P} FRE F2ATA 2 SO 3} F8

£ el sk golok Bk AGHWE HF FAE AnFol HF #
A AT Qe AL FEFRT AAL gojok Ak ARAGE 7
al

3.4 FAA o AA A 2§ (Stochastic Formulation)
Max Z= Zps EZRCSpl E r +wsl Y;ZF E;Fcpfypf
p
_EZZ Wpfz fi ZHPIP
p

(unit: $US) D
s.t.

E pfiWpri pfypf 0 for all p, f (2)
X, +Y,—Y =D, foralland s (3)
P

I,=5,  foralp (4)

Zzpp Wy — E‘X;}l _[p =0 for all p (5)

T 7

717} OH’JH AuEl e 7|4k

BA 43
ste HEL A BT myoln
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- % %jl} ’
§ 123 £aRE D Fazdiel U AFNEL B RIS A
@ wolol g A7E AL BAom Bk oA Adeed 4

Ak @ F47 3o At FLvlolth A%HFL
frae AR FEE 93 FRE FHAA B

14
§ ube] G gobop wth Ak (@), G FHA =P A
@), 5)9} FL o m o]t}

3.5 S FER T AU A3 =FPRO-LPM Formulation)
Moz 7= Zps ZERCspl Z wsl}/:l—i_wsly: ZZF )fypf
_ZZZ Wpfz nfi ZHcpJI—)_pzps
p s

(unit: $US) (D
s.t.
2 pfi pf7 pfypf =0 for all pvf (2)

Zps ZZ spl plpl Z ( sl)g+w+y+)] (3)
ZZRCSPZ plpl Z (wszYJﬂLWYJF)] A, <0

l

Y X, +Y,—Y =D, foralland s (4)

p

I <8 foralp )

Xf]E W, Zl])g,,—[pzo for all p (6)
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XL =0, A, 20 D, YL ¥ =0

3.6 st F-EH T 222 A A3 =FRR-LPM Formulation)
Max 7= ZPS[Z;HCSPIAX;)Z_Z (CUQK?'FCUQYJ)]_Z;FCPJPQJPJ»
s p p
B Z;E I/Vép iWppi EHCPIP
p ? p

(unit: $US) D

s.t.

ZPpﬁwpﬁ—Dcpfypf <0 for al p,f @)
Eps [ZZZJ‘RES])Z‘X;lpl A zl] (w:l Y:l +wjl )/;7)] (3)
s P

- [E ZRcspl‘X;)lpl - Z (CU:] Ye_l +w:l Y:;_)] - As =0

Y4 1

DA, <€ @
g

Y X, +Y,~Y =D, foralland s (5)
P

I <8 foradlp (6)
;}Z P, — XZJXN ~1,=0 for all p )

1) As :maX(O, Zps [ZZ}?CSPZX;)II)Z_Z (ws_ly;‘_l +w:l Y;;)]
s l l

p

- [E ;}?Cspl‘x;)lpl - E (w;l Yg +w:l Y;D] - AS)
p

l
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X, [, =0, A, =0, V,,Y;=0
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Al 47 ATEE

41 AL Fv
B o] AxkaEe MS Office Excel 8] 27 T8-S E3 Hu)
&e Udow MASta  C‘linear programming simplex’ N7
ARk siF A Aol HAStolr s M Axbe HAI EA=
vl 719 ek frtel B3 Aluel s FSste FES Ve s 3
T} o] EAl9] BIAAe FAHHoT dEAd YA &L
ZI1gke kel A3 @ st Ay Akl B3k ot
A3 RS Aty flsked AAZA20159 =&EAA A

H
cost, productivity, shipping cost, design capacity A5E ZriLsl At

Atoll A A &8k Futol foF A F-E AR
fr, 28 a4k HRAIES 714 Fast ity Alue] 271 BoomYd
o] fF7HAES At Ay 27F Good¥ W= boom¥ w 712l 80%,
faird w= boom¥ w #7F] 60%, poord @ boom¥ w 712 30%
2 sk

Crude oil price= 3F=4-f

OH

Fixed cost of operating field(#, )= 2+ sj &Aool APdEH= F4Y
A AH) Lo]| 30%S ZF FkSAe mANL o T HASHT)
Revenue(re,,) #2 Aluvgled= AHA wigdd 7H4d /7HE
thousand WjE3 7FAo= ik F PAE2015)2 E=wolA AgE
shipping cost@ts #|&)3k 7f4o =2 A
o8] 47} JAR, B =FidAe= EAE ostslr] H&E frkek
N

shipping cost #< %3} revenuedt
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Holding cost&= 7z} A9 2 Alva] 27 boom¥ o #7712 5%E AA
stal ol t=3 ARride 719 A" 9% 23s wer] Hsl
371€ *]¢] holding costZ £t}

Demand of local market2 74720152 =&ANAl AHEH A|AFQ
7V =5 WE Fasted A9E 95 AASA Aue 271 boom¥
o] £ F AYHE=ZE MHAsta Ayl 27} goodd we] 49+ boom
A uf 29 80%, faird we F£L+E 50%, poord W FoE 0%E
A AT

fa

TLE FIANAE XS W 85 AT o Foste #AdH w,

wl F-e& Avel 27t boomY Wi A9 holding costzkel Hoake A

&stal, Aug 7t goodd We BERY 80%, faird Wi Htikel
50%, poord W= BE# 30%= AA AT

2 AAMEE € 2

AL Avged AJAFEY, AUl & 4&ste F
AA By, stAFEFTS ARSS A HAs 233 gax A

421 FAA 2y AFAYY

g4z =y AJAGHAA AALZe] boomd w, A|FTFaLE
Europe 49,000,000 wjZ, North America 51,000,0008}2, Far East
57,500,000u) o], West Africatt 7714 wjdd 112598, A5
Ab2H(WTD= wiEd 111.89 8, Fulolfr& 111.3g 2 o]t
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Yafl-1 e | Yat3-1 Yafd-1 Yats-1
Yusl-1 Yus2-1 Yus3-1 Yusd-1
Ymel-1 Yme2-1 Yme3-1

Fig.9 Field selection(boom market demand)
Fig.9+= ol Z} Fieldd] 7Feo 5 & Uepdth Hd22 A7 7Hs(De
omate], Hea 2HE TR0 o m o,

Wafll-l  Wafl2-l  Wafl3-1 Wafld-0  Wafl3-1 Wafl6-1

Welll  Wald  Wadd  Waddl WSl Wadsl Wil

WaBll  Walll  WaBll  WaBHl WSl

Wetll Wl Waftsl WSl Wetel Wl Watel
Waffl-l  WafS21  WafS31 54l Wafis-1 WaS6-1 W71  WaS81  Wa9-1 WafS10-1
Wusl1-1 Wusl2-1  Wasl3-1 Wusld-1  Wosl3-1 Wusl6-1 '
Wus21-1 Wus22-1  Wus23-1 Wus24-1  Wus23-1

Wus3l-1 Wos3l-0  Wus33-1 Wus3d-1

Wusd1-1 Wusd2-1  Wusd3-1 Wusdd-1  Wusds-]1 Wusd6-1  Wusd7-1  Wusd8-1
Wmell-1 Wmel2-1  Wmel3-1 Wmeld-1  Wmel3-1 Wmelf-1  Wmel7-1  Wmel8-0
Wme2l-1 Wme22-1  Wme23-1 Wme24-1- . Wme23-0 Wme26-1 - Wmel7-1

Wmedl-1 Wme32-1  Wme33-1 Wme3d-1

Fig.10 Well selection(boom market demand)
Fig 9% oW 2zt production well®] 7}so RS yebdno H24 =4
7t 7Hs (D& orstH, He4 A = 17bE0)s o v 3.

== = (FICHL

= S H &8 2%
£OFS3 = ST RS
== =
= ==l 2 == el =T &
SOFS18 43000 SDFE1E=§DHETE aEs o
SOF$1S 51000 SDFE13=85DHS$1S sE= [5]
TOFSE0 ETEOD & SE= 5]
SOFS21 0 $DF$21<=S0HEZT =H = gix= SO0
SDFSZ2 0 $DFIZZ<=5DHEZZ =HEE TI= SO00
O §DFEZ3=x=5DHEZI == cr= EO00
0 SDFEZA=SCHS$2d BE= a
R =EDHE25 o= o
O SDFSZE=SCHSZE oE= 3]
-0 Z3IB0S5238 SOFEE<=SDHSE F2T ok&  0Z3IB0S5238
-OL3EIETEIEL SDFETE=SDHET R e Q= O 3E3EZEZEL
0 $DFE==%DH3E o= o
E -1ETEBEEEIZ EDFES<=5DHLIZ RET SEZ ETESSEEID
CFS1D 0 SDFRI0<=SDHE10 GCF= 5]
e [4] TE= 0
SDFETZ ] 2  gE= [2]
SDFEi3 3 BEE NS
EDFETA 4 sEETE ghkm
SOFS1S T S oi=
SOFSIE =
SDFELT T s gk

SCTEEEDESS=ZTI%+
SESISCIS3=2TI=

Fig.11 Microsoft office excel solver solution report (hoom market)
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Table 4 Optimal Solution Based on boom market

ol & ALt gk
A3 Xafeu 60420
# A3l Xafna 4096
H A3 Xaffe 0
H A3 Xuseu 0
A 3] Xusna 46904
FH A3l Xusfe 0
A3 Xmeeu 0
Z 3] Xmena 0
HA3] Xmefe 39894
A& laf 0
A 3| Ius 0
A 3| Ime 0
A3 YMeu 0
A3 YMna 0
H A3 YMfe 17606
A3 YPeu 11420
# A3 YPna 0
A3 YPfe 0
Overall profit : 7,378,191,590

AT A3, ANZTFLE FTFA717] 95k West Africae] 171,
Gulf of Mexico2] 27§, Middle Easte] 27§ & A3+ =& production well
S 7FsskEt. Crude oile] 42 West AfricaolA Europel. =
60,420,000 ®}=Z, North AmericaZ 4,096,000 wilgd, Gulf of Mexicool A4
North AmericaZ 46,904,000 wl¥ 12|31 Middle Eastoll4] Far EastZ
38,894,000 wiBeoltt. Aae FASHA 4%al, 4FF Crude oo &
Far Easte] Al&<Q0lA 17,606,000 ¥ 2 F-=3}19 31, Europee] A<
Qof A 11,420,000 w18 Z33}Hoh North America®] A48+ WA

At =9 95 712 A well coste} =48] 28] AH LS AdH
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wol9)& § 7,378,191,590 o]t}.

G424 2y AIARAAN BAGHo] goodd w, AETFaE
Europe 39,200,000 ®j®, North America 40,800,000u]2, Far East
46,000,0008) B o], West Africadt /714 wldd 90|, A FEHAL
27 (WTD= wigd 89.442 ¢, Frlolf+ 89.04€ & o|t}.

Yatl-1 Yaf2-1 Yats-1 Yard-1 Yats-1
Yusl-1 Yus2-1 Yus3-1 Yusd-1
F¥mel-1 Y¥mel-1 ¥me3-1

Fig.12 Field selection(good market demand)

Wafll-l  Walll W3l Wk Walsl  Wal6l
Walld Wbl Wald o Wt 1 Wl

WaBll  WaBll Wl ;
Waffll  Wafi2l  Wafi3-l 61 Wbl Wadls

=D b L %J.jl WSS WaB9l  WaBl0-1
WuslSl Was16-1

WaBll  WaBll W3l
Wasll-l  Wusl2l  Wasl3-l

W21 Was22 1 Wus23-l Wuskd-1  Wus23-1

W3l Wus320 Wus3l Was34-1

Wusdl-1  Wusd2-1  Wusd3-1 Wisdd-1 | Wisd5:1 Wosd6-1  Wusd7<l~ Wusd6-1
Wmell-l  Wmel2l Wmel3-1  Wmeld-1 = Wamel5-1 Waelo] Wmel7-l Wmel80
Wme2ll  Wme22l Wme23d  Wmedd ] Wmed5 g W26l Wmed7 1

Wme3l-l  Wmed2l Wmed3-l  Wmeddl

Fig.13 Well selection (good market demand)

== & =icHah

= AI&F =r
SC>FS= 32,5960 163 052

| mist =2

| = o] B =2
SCFSI18 So9200 SDFS18=SDHS1S5
SDFS19 A0800 SDFS19=SDHS1S
SDFSEZ20 SE0C0 SDFSZO0=SCHSZ20
SCFEZ21 O SDFSZ1<=SDHSZ=Z1
SDFS22 o SDFS22==SDHSZZ=
SCFS23 o SDFS23==SDHS23
SC>Fs2a O SDFSZ2A=SDHSZS
SCFS25 FT27596E-12 SDFSZ25=SDHSZ5
SCFSZ2€ O SCFSZ26=SDHSZ26
SDOFS6 —o. 238095238 SDFSE<=SDHSE
SDFS 7 o .363636368<2 SDFS7<==S0DHS7
sorse S SoFsB<—SCHSE
SEDFSES - 16768 S56522 SDFES<=SDCHSS
SDFS10 o SDFS1C<=SDHS1D
SDFS11 o SDFS11==SDHST1
SCFS12 O SDFS1Z2Z<=SDHE1Z2
SCFSE1= -25944 555556 SDFS1=2<=SDHE12
SDFS14 -DATa826087 SDFS14<=SDHS 14
SOFS15 - 1635666667 SDFS15==SDHS15
EOFE 6 —Z001 SASA5E5 SCFS16<—SDHE1E =001 cA5ac5E5
SDOFS17

£.ATFT3684211 SDFS17==5DHS17 oAavsesa211

SCTS= SOESS—==l=
SKSS-SCISS==TFTi=

Fig.14 Microsoft office excel solver solution report (good market)
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Table 5 Optimal Solution Based on good market

ol & AL gk
&3] Xafeu 58410
H A3 Xafna 0
HA A& Xaffe 6106
HZ 3l Xuseu 0
# A3 Xusna 46904
H A3 Xusfe 0
H A3 Xmeeu 0
F A 3s] Xmena 0
H A Xmefe 39894
H A3 laf 0
H A3 Ius 0
A& Ime 0
Z 23] YMeu 0
A 3] YMna 0
A3 YMfe 0
A3l YPeu 19210
H A3 YPna 6104
A& YPfe 0
Overall profit : 3,960,163,092

AdLdd A3, NEFEaE SFAZ7] fske] West Africag] 171,
Gulf of Mexico2] 27§, Middle Easte} 27§E A|£]$+ =& production well
< 7bs3tdt. Crude oil® FF& West Africaoll4 Europel =
59,410,000 v ¥, Far East= 6,106,000 ¥l¥, Gulf of Mexicool4 North
AmericaZ 46,904,000 ®jE€ 2]31 Middle EastelA] Far EastZ
39,894,000 v €o|t}. AagF2 gle™ Europed A8 19,210,000
vl E %33}, North Americae] Al 20lA] 6,104,000 WiEd =33}
o =8 AF 1AM well costet 4P 18 23 F4E AH

B g5 A7 o] § 3,960,163,0920] .

S 2y APAGH A A G o] faird o, A48+ Europe
24,500,000 v &, North America 25,500,000 =&, Far East 28,750,000 =}
Ho|, West Africast AF714L vjd 3 67.598, AFHAAF(WTD=
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a9 67.08€ 8, Fulo]f+= 66.78E 0|t}

Yafl-1 Yaf2-1 Yaf3i-1 Yafd-1 Yafs-1
Yusl-0 Fus2-0 Yus3-0 NYusd-0
Ymel-1 YmeZ-1 Yme3-1

Fig.15 Field selection(fair market demand)

Wafll-l  Wafl2d  Wafi3-l  Wafld0  Wal5-l Wafl6-1
Wa2l-1  Waf22-l  Wa23-1 Wal2d-1  Wa2s-1 Wa26-1  Waf27-1
WaBl-1  WaB2-l  Wa33-1 Wa4-1  WaB5-1

Wal-1  Waftd-1 Wafid-1  Wafd3-1 Wafi6-1 ~ Waid7-1  Wafd8-1

Waf51-1 Waf32-1 Vaf3: Waid-1  Wai-1 Waf56-1  WaS7-1  WafS8-1  WafS0-1 WaS10-1

Wusl1-0 Wos12-0  Wusl3-0 Wusl4-0  Wusl3-0 Wus16-0

Wus21-0 Wos22-0  Wus23-0 Wus24-0 Wus2i-0

Wus31-0 Wiusd2-0  Was33-0 Wis34-0

Wistl0 Wast20  Wes#30  WushD  WastS Wosd6-0  Waust70  Wasd§0

Wmell-1 Wmell-1  Wmel3-1 Wmeld-1 -« Wmels-1 Wmel6-l. Wmel7-1 Wmeld-0

Wme21-1 Wme22-1  Wme23-1 Wme24-1 " Wmnals-0 Wme26-1 ~ Wmel7-1

Wme3l-1 Wme32-1  Wme33-1 Wine34-1

Fig.16 Well selection (fair market demand)
S o (=|cHEn
2 s A AE gZh

SDFS3 =& SE Sk ESE8 228 352

HE =4

= o= o] Tgh =y el ZHapa] K}

SDFS18 HeF=13 SEHT ZAS0C SDFS18=SDHS1E Bk o
SOFS15 HE=T14 SEE= 25500 SDFS15=SCHE1S HE |
SCFS20 HEF=EH1s BET = 28750 SOFSZ0=SCHSZ20 Br= o
SDFS21 HF=T1e SET= O SCF521==S0CH521 =2% o 5000
SDFS22 HE=d17 SET= O SDFS22<=5DHS2zZ EE2FE or= 5000
SDFS23 ST O SDFS2Z3<=S0CHS23 EEBE oix S000|
SDFs24 =SET= -1.45519E-11 SDFS24=SDHSZ24 =l 0
SDFSZS y B EIBE -5.11146E-12 SDFS25=5DHS25 or= D
SCFSZE SE== 7.2¥596E-12 SDFSZ6=SDH52E o= [+
SCFS6 A= FEES -0 238035238 SDFSE<=SCHSE 2% oOrE 0238055258
SOFST Hf=Hz 25T = _.3E3IEIE3I64 SOFST==SOHET =225 oFE o 3g3636384
SDFSE HYE=Hz FETr= O SDFS8<=SDHS2 k= o
SDFSS H2E=Ha S E T -1ETE S5E522 SOFS5==S0HSS EE2E ob&E 1675356522
SDFS10 Hf=Fs SE T o SCFS1C==SDHE10 SIS o
SDFS11 HY=He 2=ET= o SDFS11<=SDHS11 or= Lol
SDFS12 Hep=H7 S50 O SDFST12<=SDHS12 B2I= o
SDFS13 H=3e 25 o SDFS13<=5DHE13 SIS o
SOFS14 He%r=35 5 o SDFS14==SDHS14a OIS O
SCFS15 HEFEH1o BET= -1E3S EEEEET SOFS15==5DHS15 B E2E OFE (£33 666667
SDFS1E Hof=TH11 ST -2001.545455 SDFS16<=SDHS516 &SEET Or=  2001.545455
SDFS1T H=H1z SEE= -0 A73684211 SDFS17<=5DHS17 EEBET OFE 0473684211

SCTS3-5DESS=2T!=

SKS3:SCIS3=2F1=

Fig.17 Microsoft office excel solver solution report (fair market)
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Table 6 Optimal Solution Based on fair market

ol & ALE gk
ZH A3 Xafeu 39016
H A3 Xafna 25500
H A3 Xaffe 0
A3 Xuseu 0
A3 Xusna 0
H A3 Xusfe 0
FH A& Xmeeu 0
F # 35 Xmena 0
FH A3 Xmefe 39894
H A8 Iaf 0
0
0
0
0
0
5

FH A3 lus
A3l Ime
FH A3 YMeu
Z A3 YMna
FH A3 YMfe
HA3) YPeu 14516
H A3 YPna 0
A& YPfe 11144
Overall profit : 658,228,392

ANAY Az NFAFQE FZA7]7] 95t West Africaol A 170,
Gulf of Mexicool A Z A welle] <= Middle East®] 27§ ¢] production well
S 7F&skA EUth Crude oile] %52 West Africadl A Europel.Z
39,016,000 wj &, North AmericaZ 25,500,000 v} ¥ —12]3. Middle Eastell
A Far East® 39,894,000 wjZo|t} A= EASHA &tar, Europel
AZQ oA 14,516,000 ®lE Z3stH, Far Easte] Al&A+Q0A4
11,144,000 Wid =#etAdth. =9 A+ 7FAdA well costel <&H]
a8a 23 FF5E A BaEES A £0]9& § 658,228,3920] T

S 2y AZAGHAA AAGFZe]l poord W, AlFTFL8E
Europe 14,700,000 #jZ, North America 15,300,000 ®i¥, Far East
17,250,000 wjZ o], West Africatt /7142 i@ 33.7528, AHF
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B2 S (WTDE Wi &g 335428, Fulo] i 33.3982 o] o},

Natt0 Naf2-0 Yaf3-0 N atd-0 Yafs-0

Fusl-0 Fus2-0 Yus3i-0 Fusd-0

Ymel-0 Yme-0 Y me3-0

Fig.18 Field selection(poor market demand)
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Fig.19 Well selection (poor market demand)
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Fig.20 Microsoft office
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Table 7 Optimal Solution Based on poor market

o] & AAF Fk
A3 Xafeu 0
H A3 Xafna 0

H A3 Xaffe 0
F A8l Xuseu 0
Z A3l Xusna 0
#H A3 Xusfe 0
H A Xmeeu 0
A3 Xmena 0
H A3 Xmefe 0
HAs) Iaf 0
A3 Ius 0
A& Ime 0
A3 YMeu 14700
A3 YMna 15300
A3l YMfe 17250
Z A3l YPeu 0
A3 YPna 0
FH A& YPfe 0

Overall profit : -9,514,260

AAE Az, S717F well costRth o skEhsle] West Africa, Gulf
of Mexico, Middle East®] sl dfFZAolA FAHEY 75 EF SAAIE=
JAFE A o] Ygith Ao rtEe] o RSHo] Al oFH| 8-S

=
ABHA ARELE ZEAACT Ak 7t A Lo &Y

E&Pe| ZEAES0] FUHL, dFHE 15S FANA righE A
S3 Qs @A AT HEF Aol wekd AFUEL Fu A%

TLE WEAII= Ae, AFHER BT wEdd w0l §

A Byl A FFe A& oA FsrI7F ofE e AldE e 7]
1, goodd wj &E& 0.35, faird s}
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0.43, poord = <& 0.12¢9]
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Fig.21 Field selection(stochastic

model based on scenarios)
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Fig.22 Well

selection (stochastic model based on scenarios)
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Table 8 Optimal Solution Based on the Stochastic Model

ol & ALE gk
ZH A3 Xafeu 49000
H A3 Xafna 9410
# A 3| Xaffe 6106
FH A3 Xuseu 0

ZH A3 Xusna 38043
A A3 Xusfe 0

FH A3 Xmeeu 0

# #3s] Xmena 0

FH A3 Xmefe 39894
A 3s) laf 0
A 3| lus 0
A3 Ime 0
A3 YMleu 0
A3 YMlna 3547
HA s YMlfe 11500
FH A3 YM2eu 0

H A3 YM2na 0
HA s YM2fe 0

FH A 3] YM3eu 0
s YM3na 0
A s YM3fe 0

H A3 YM4eu 0
A3 YM4na 0
A s YM4fe 0
H A3 YPleu 0
A 3] YPlna 0
A3 YPlfe 0
A3 YP2eu 9800
A3l YP2na 6653
H A3 YP2fe 0
H=As) YP3eu 24500
A3 YP3na 21953
H A3 YP3fe 17250
A3l YP4eu 34300
# A3l YP4na 32153
ZH A3 YP4Afe 28750

Overall profit : 1,710,165,441
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AL Ay, Auvg el ALt 7S AEst AATeE
ZHA17171 fIstd West AfricaollA 17, Gulf of MexicoollA 47,
Middle Easte] 27§¢] production well& 7}&3FA] &3kt}. Crude oile] <
42 West AfricadlA] Europeo.Z 49,000,000 wjZ, North America®
9,410,000 ®l ¥, Far East®Z 6,106,000 ¥l &, Gulf of Mexicooll4] North
AmericaZ 38,043,000 ®wi¥E, ¥]3 Middle EastolA4 Far EastZ
39,894,000 v et Aies TASA ke, #FH Crude oile] %
2 Ayl 7t boom¥ ], North America A|&4229] 3,547,000 =)=
Far East A[&<2.2] 11,500,000 wj&RtZ A7) A ekl =3 /\l
v 27t good¥ +4%¥ Crude oil®] <& Europe /\]%}—’F.&E]
9,800,000 ®l¥, North America A &429] 6,653,000 Wi A&
Z 3R] wAEgT. AlU#lert faird  wl  Europe A% ’“3/]
24,500,000 wj=E, North America Al&589] 21,953,000 wj¥d, Far East
A28 17,250,000 BB RS ZIHEo] EASETH Alvke] 27F poor
d o] Europe A1&429] 34,300,000 ®#j=E, North America Al&<+89]
32,153,000 ®} g, Far East A-&29] 28,750,000 wjButE =3}&o] &
sttt FAA B ANA Y 7HA Aludl s a8tk ojufe] Ho 7]
to]e]S § 1,710,165,4410] T},

423 AR 7])7}X(The Expected Value of Perfect Information)
Birge et al.(1997)o] AAIg+ FASTH =yl dle} AR 7}X|(The
Value of Information and the Stochastic Solution)E 7]Fo =2 ZA¥ZE H

st Htot

GARRE] YAIEVPDE v £as §71E R ¢ o)

Aspel A mge HgRe W de AR Aol v

JAARATL Aol f7keh Fad B FRARE YrBIE, 45
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gk b Ko we} Table 4, 5, 6, 7] YehY e HZHSE ntgo=
A Theo Foll B3 gAEAAS HE Aotk AV|HoE A7
gro] boom¥ = 0.1, goodd wj 0.35, faird wif 0.43, poord wf 0.12 ¢
GE2 Uepdo 718 skH, oAPEB A= §2,405,772,738 {(7378191590%
0.1+(3960163092*0.35)+(658228392*0.43)+(-9514260%0.12)=  8,221,640,531}2]

7ol S A 2 Aolth

AR £ frld BY BAF AH ARE AL 57} 9k o
A HAel o aage vde fask 4748 Ao A 75
2ge 4839 o Aol § 1,710, 165441 o]k, o] F 7lrfo] ]
9] Ao]l $695,607,298 (2,405,772,738- 1,710,165,441)E A K] 7|0l

Table 9 Expected Profit based on Expected Production

ol & AL 7k
# A3 Xafeu 49000
HAs)] Xafna 15516
H A3 Xaffe 0
A3 Xuseu 0

Z A3 Xusna 0
A3 Xusfe 0
A3 Xmeeu 0

F 3] Xmena 0

H A3 Xmefe 39894
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=8l laf

A3 lus

[} e) Na)

A3 Ime

A3 YMleu 0
A3 YMlna 35484
A3 YMlfe 17606
FH A3 YPleu 0

H A3 YPlna 0

H A& YPlfe 0
Profit P1 5,342,693,810
A3 Xafeu 49000
#H A3l Xafna 15516
H A3 Xaffe 0
A& Xuseu 0
&3] Xusna 0

H A3 Xusfe 0

H A3 Xmeeu 0
A3 Xmena 0

H A3 Xmefe 39894
H A3 laf 0

H A3 Ius 0

FH A& YM2eu 0
A3 YM2na 35484
FH A3 YM2fe 17606
ZH A3l YP2eu 0
A3 YP2na 0
HA s YP2fe 0
Profit P2 2,949,592,358
ZH A3 Xafeu 39016
H A3 Xafna 25500
H A3 Xaffe 0
FH A3 Xuseu 0
A3 Xusna 0
ZH A3 Xusfe 0
H A3 Xmeeu 0
A3 Xmena 0
FH A3 Xmefe 39894
ZH A3 laf 0
A 3| lus 0
H A3 Ime 0
FH A3 YM3eu 0
H A3 YM3na 0




A s YM3fe 0

A3l YP3eu 14516

A3 YP3na 0

A3 YP3fe 11144

Profit P3 658,228,392

H A3 Xafeu 49216

#H A3 Xafna 15300

FH A3 Xaffe 0

F A3 Xuseu 0

A 3] Xusna 0

H A3 Xusfe 0

F A 3s)] Xmeeu 0

F 3] Xmena 0

A3l Xmefe 39894

A 3s) laf 0

A3 Ius 0

A 3| Ime 0

H A& YM4eu 0

H A3 YM4na 0

H A& YM4fe 0

A3l YP4eu 34516

Z A3 YP4na 0

# A 3| YPAfe 22644

Profit P4 -2,827,810,886
Overall Expected profit : (P1*0.14P2*0.35+P3*0.43+P4*0.12)=

$ 1,510,327,608

425 FAA )¢9 7}x(The Value of Stochastic solution[VSS])

FAZA & 7tA= FAA BYES A LeAS
AUl faird o s 53 4
IE OUE AL wjo a3t
o &2 WAlgk &4ojtt Table 8
Jthelele] =}o] $199,837,832 ($1,710,165,441-$1,510,327,608=199,837,832)
&) 7}x|(Value of Stochastic solution[VSSIDztx. 3o}
Ags] A= XAt FHH o FATA HIS o)

EEE- S

N

2 34
S}
A<

AA

1
2
#7}e

o) o]l
= T M

ollection @ kmou

W A Ao} 7}7@-@
4R Flfole) HEe A kel o
Aol 2A, FEH NES nEHA

FAA 2Egel 7o) Table 99

o] 2
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Yafl-1 Yaf2-1 Yaf3-1 Yafi 1 Yaf5-1
SYusl-0 Yus2-0 Yus3-0 FusL-0
Fmel-1 Ymel2-1 Yme3-1

Fig.24 Field selection( RO-LPM)
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Fig.25 Well selection (RO-LPM)
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Fig.26 Microsoft office excel solver solution report(RO-LPM)
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Table 10 Robust Optimization with Lower partial mean

ol & ALE gk
FH A &) Xafeu 39016
# A&l Xafna 25500
H A& Xaffe 0
A3 Xuseu 0

# A3 Xusna 0

H A3 Xusfe 0

H &3] Xmeeu 0

H A& Xmena 0

H A3 Xmefe 39894
A 3| Iaf 0
A3l Ius 0

# 23 Ime 0
BN 0
FHA s D2 0
A28 D3 831,557,706
A7) DA 4,365,185,379
A3 YMleu 9984
A3 YMIna 25500
=3 YMIfe 17606
A8 YM2eu 184
A=A YM2na 15300
A8 YM2fe 6106
HA 3] YM3eu 0
A3 YM3na 0
A3 YM3fe 0

H A YM4eu 0

H A3 YM4na 0
A s YM4dfe 0
A3 YPleu 0

H A3 YPlna 0

H A3 YPIfe 0
HA3) YP2eu 0

2 23] YP2na 0
A 3] YP2fe 0
HA3s)] YP3eu 14516
A3 YP3na 0
A=A YP3fe 11144
F A3 YP4eu 24316
H A3 YP4na 10200
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2 A3 YP4fe \ 22644

Overall profit : 567,489,432

Y 7FA] Ay 2o tisl West Africael 44 170, Gulf of Mexico
o AA A4HA, Middle Easte] A4HFA 270 & 7hsskA] &tttk A
o] %2 West AfricaollA] Europe® 2 39,016,000 #} ¥, North America
225,500,000 v} 8, 712]2 Middle Eastoll 4] Far East® 39,894,000 ujj & o]
o Aie glow, Augle fard = H+ 7|tho]l Bt} § 831,557,706
Alyg] 2 poord W H ol ® Tt § 4,365,185,379 W A A o] Qo]
grAsith, Alye] 271 boom¥ wie] Europe Al4=29] 9,984,000u0 E,
North America Al7%489 25,500,000 wjZ, Far East Al&489
17,606,000 W& F=Eo] wrAldh Alvkg] 271 good¥ wie] Europe Al
A8 o] 184,000 ®iE, North America A|75~2.¢] 15,300,000 ¥ g, Far
East A74<=829] 6,106,000 wj&d HF=go] AT Alve]l 27t faird
o] Europe Al&48.9] 14,516,000 ¥l 8, Far East A|&<8.2] 11,144,000
wjEd Zapio] WAt AluvEl ezt poord Wl Europe Al L9
24,316,000 wvj=¥, North America Al%89] 10,200,000 wj¥d, Far East
ANATLe 22,644,000 viE Z3Eo] MART AFFQE FHATA
2 BE2 9FH &S A Estal 2Fste RS RV 8-S A ESHA
AHEFTEE 7HsAIE e 55 LHAS ATE =9 F Ae ©
AAolrt. Ait-gFE A{rtAdA AT A& FEH], A
&

Jeal #FHE BR8-S Ag ol9] §567,489,4320] ).

FALERT P AT AH BYTRAAE Fe FEA 284

A7 A7IA €9 & 881,392,059°1%. o|+=
&
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Nafl-1 Yafz-1 Yaf3-1 Yaftd-1 Wafs-1
Fusl-0 Yus2-O Yus3i-0 s -0
¥mel-1 Yimel-1 F¥me3-1
Fig.27 Field selection( RR-LPM)
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Wme3l-1 Wme32-1 Wme33-1 Wme34-1
Fig.28 Well selection (RR-LPM)

Table 11 Restricted Recourse with Lower partial mean
ol & AL 7k
H A3 Xafeu 39016
H A3 Xafna 25500
FH A3 Xaffe 0
FH A3 Xuseu 0
# A3l Xusna 0
#H A3 Xusfe 0
3] Xmeeu 0
H A3 Xmena 0
Z A& Xmefe 39894
HAs) laf 0
A 3| lus 0
A 3| Ime 0
A3 YMleu 9984
A3 YMlna 25500
H A3 YMlfe 17606
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A A8 YM2na 15300
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A3l YP4eu 24316
# A3l YP4na 10200
A3 YP4fe 22644
A3 D1 0
H A3 D2 0
A& D3 831,557,706
FH A3 D4 4,365,185,379
Overall profit : 1,448,881,491
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