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Number of time
steps

1361 1369 960 904

Number of iteration 4703 4522 5136 4562

Time on well. 196 266 6793 712
management (min)
Total CPU time

. 2401 2466 9750 3710
(min)
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1. Central processing unit
2. Separable programming
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SQpP GRG GA ACO
Well
Qg Qo Qg Qo Qg Qo Qg Qo
MMSCF/D STB/D MMSCF/D STB/D MMSCF/D STB/D MMSCF/D  STB/D
1 0.2630 440.560 0.2327 439.350 0.1952 42522 0.1950 4252
2 0.5574 977.418 0.5901 805.213 0.6140 813.41 0.6140 813.4
3 0.8840 1466.55 0.7288 925.676 0.6605 897.31 0.6600 897.3
4 0.5855 787.390 0.5452 977.986 0.6268 1007.29 0.6260 1007.2
5 0.7100 917.770 0.9032 1500.212 0.9034 1500.30 0.9030 1500.0
Total 3 4589.688 3 4648.400 3 4643.60 3 4643.0
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PSO Alarcon et al’s(2002)
Optimization (the proposed model) model

method Qg Qo Qg Qo
MMSCF/D STB/D MMSCF/D STB/D

Well 1 0.15875  316.557 0.19782  314.56

Well 2 0.57527 57821  0.59152  585.52

Well 3 0.59045  734.19  0.56672  734.54

Well 4 0.76204  669.44  0.82169  694.24

Well 5 0.91348 1,085.24 0.82225 1,052.24

Total 3 3,383.63 3 3,390.10
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NPVIMMS)
di=0.14
1 nterval Qu= 1444 055
Py =193
d=0.15 015
dinternal Q= 1573 1306 [T
Pp=216 163
—_— di=0.16 01 013
— 01660 1492 1291 65781
P27 08 156

di=015 015 013
dlmeenal Q= 1635 130.1 1387 659,14
P =248 26 170
di=0.16 016 014 (K}
lhnerval Q=680 1668 1528 1337 65997
Pe=269 | 237 ne 167

] 4 4 [3 8 10 12 year

d,: Tubing Diameter (m). (\;: Gas Injection Rate (scmiday ). P, Separator Pressure (har)
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1. Particle Swarm Optimization
2. Net present value
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1. Computer Modelling Group
2. Estimation of the distribution algorithm
3. Non-dominated Sorting Genetic Algorithm

Sl St 515 jill (apass gjlwatgy Jy—ane
0y Sles anl wasaidy gilwaigy lm oo Sl
a5 loj 3l oml Glsed by ygens | 5L 51510
by iie o)l omalpbs o5 g Lo jie b s
CMG' 586 5 5l Lol .osd 5 jlas 0 095 (g3l Jae 5o
(SEPan omal 4D SO g a4z )LSS adg (5lwand ¢l
03ls oSl (bl 1 5L (6551318 0 Shoe i 61
3B parass Sawadds g5lwaigs lp 1) Sy v 5]
A0y )5 4y Bly slacysgasme Comd ol 5l 29,5 (0
ooy sl dse sl p Lol aslllae yo 539,9 slo yal )y
9 S adgi (23 byl g ool 4 55 8,5 Gl s
3 G5 e wb > sl slwaiage o5 05 0T 0 Jg
a ailig, adei gui bz 45 0,8 o s glassSa )
oy Jo F o cw adgs e (3 JSK0) o iS T

.QQ\)GQ

—+—Year | —B—Year 2 —4—Year3 ——Year 4

E

Oil Production Rate (bbl/Day)

— — —
7 8 9

3 4 S 6
GasInjection Rate (MMSCF/Day)

[FO155 59,35 &5 oo 9 Sl P 30 s adgi oyl w0 4 S5

35525, S LFFI YN0 Sl o (2 aels 5 Gl

B parats il Blas 13 g)lank oL 4 oo
Ol e ML 5l 6 S5l (gl isls 13 sy )52
5 odyS e o sl lp Cosgaze S s )
ol g5lwaings 6l 000 S L2l jlwainge
a5 S5 ool 5l (oS s 9 S5 o505
5,Shas 31 lipabl gl |y gl 5 0o ,S soliil oy Sges
Cagazme 53938l Sl (Gl 5l g 50, glie jlmaingy
B 0gm asdllae 550 | adgs als  alie 4 (5 lLL
99581 b adgs wlals a5 ols )l la T lalllae gulis aisls

1o P Gliwoj . pds29 S>. 095 6 jlo—ib . pd J—mw



) (Soan (smas aSd (5 5ok w0, Shos slaloged
olawi b e G (595 2 (g0lpiiin oyl aiols slpios
o] Slaalie mols o |2l (sl #) g (oLs 07) ol>
elSS (s3lmaings (g S 3 Shes 1S 39 o
Sloy SemsllS (6loo gy S 3 plooil 5 S
ol 4 sls 6 5UL slal alivs a5 ol ase o5 LG
st slos Slos GA 5 PSO (ols 0F aliwns wiile)
L) S et PSO (s ol b sl oL
@ S a5 o)l S oo 4 99,5 Joe (g o
SloanT 3 s Wog eode ol o o] .ccsls jLs GA
L pissdl o (2 See Co pw PSO oyl Sl 5550
Juo s [0V oS 5 ieloml poo [0+ Tans oo 2l 31
LM slagt ;65 egias cmae sloaSis 5 V-4
3 s 355 L 63118 Sllas (g3l Jos gl BRT
(TLBO) (5550k = (isel 2 (e (s3ltinge o255
s ol 3 S o3l 55 Garass sjluaite sl
Se 09z se il o) nlw alive g5lwdinge
x5l a8 )5 5 o 65l
LM 3 BR Ly oot adsi (oot 280 il 4 4z g

L.".. ‘L.."' :’)-.’LS. “."BL"

oo oo lid gl 0 2o 09,0 5 00 319,9 Cud  a
Joe bl o S bl Glls Jos g4 S
5 S0 5 4 LM Jus 5l 1 s0al 55 5558 BR
Sfdec a5 Wop (o 355 Slaaliin b sludinns (ogas
e o 9801 810 aliie ol (S o, S
Siloainte Shkos 1o @y 2hSen 5l xSk (3jsel
w98 @ 2Ken (VF 9 VY (la JSCo) ool 1o 595 2
5° Sy oS b dli jo 1) (6 S0l (hjgel p e

a3 o L ol g oS sbools sl

0

370 -

=
3
=3

3670 -

Oil Production (BOPD)

0 20 40 [ 80 100 120 140 160 130 200
teration

[8V] (ol &) TLBO g GA vtz 651 2,50 1 V¥ JSC

1. Water cycle optimization
2. Levenberg-Marquardt
3. Bayesian regularization

1o P UWJMMMJ[DSAOJLO_WMQLJ;W 40oooooooooooooooooooooooooooooooooo.

[FALS53,5 ooy 0l (5 e ST 0 ol il 0 a1,

&3l sl 1y s oo, [FA] Jusli Y414 Jlo jo
Syl slp 1, WCAD 0,650 095 57 50 4l ols 4l
@l Fen 5 sl a0 cnl ol sleiing S Gaass
2,3 (255 Sl 9,8os (oo i bl o iz pue
Glrolz (s 55 Larass waz alius S lsiea wuled
sl s b olnl o e i ci slaglas 3l (S
S92 90 (al 4 gl A diage Sk a5l 00 (sl e
)13 (6 o Cononl (5jltingy 1eS Cki g b Slaal oS
Slile i g5 (V) JSC5) S oo oy (6 yin SLal i
2o ol g2l j2 50 00l adgs

11500 15000 ITS00

Determined (61 Rt (STRD)

3 (2 yeS) diat 92 )b 50 oo ud i Sl3le i 55 1Y UK
[FAIGLS 0590 35 13510 925w (2 5 b dumg Lo 50 (545 3590

Additional $TE O produced per 1
MBMSCF Injected Gai

1111811}

1973728

was oo lad 1y pi el an 12 glyal Loy (VY JS)
Sl ol T 457 w50 5 o ounlin o loln
10 5500 sl 58 G 5> 558

Population

[Pa]ilize locaros j0 CPU lya! by : 1Y Ui

Gty 0, S5 g, o il a2 g Yo VA Jlw o 34)
il als o gl ,b sl (610 1, PSO &l )3 sl>o )
il ae ©lp iz ee l_:aQT 238 ,5 solaiwl 18 &9

©
3

0000000000000 000000000.



‘ ‘ 00 |
=== Gas Fraction for Gas Lift
0.8 T 5 om0 |
é 07 8
%0-5 ‘?H.SOD ~
% 0s '::j,
%DA ‘g 20000
§u.3 :
0.2 . 20,500
0.1
0 20,000
o 500 1000 1500 2000 2500 3000 3500
Time (day) lieration
[BY]Y 5590 55 oo s gi HB (G pumnndii 1 10 JSCio [8V] (sl 5%) TLBO 9 GA 5,951 o1 yS0d 1 VF Sl
' o AoVl K L o s 9> YoV Jlu o
:: o R———— I, MADS 0,651 sla oblss g0 ,0,15 s aslllas
%w e Jaz LS dhoe 055 jawass gjlwang ¢l -
06 . P I 0o
go.s 6)L_M»OOL_1 sd_i)}é 9 J._J}: &ULMLJ 9 LAOL% 5Q)L7bo
i Al s Gy o, sl S Al
£ 03 . . . . . - .
o Syl Pl sl silmtings Ghgy S (ks
01 Guﬂ"‘.’.)ﬁin )| ﬂ’_b)}i” U_" Ml)LSA gr’“’):“
g 0 500 1000 1500 2000 2500 3000 3500 9 g5>)—‘->g_)“5> ‘-“—““ gj:‘—“w" c—“}’ 4 )L‘-’ uﬁ‘*—’
Time (day)
lizee sloacgomme oot it 050 dw il Ken
[avly o 1y gl g 3 o pmmndis 1 15 S
390 Sln Gode 5B Gulapundii 1 17 B s i e |, lides slacasgume
. L 6y9l5l 8 o 38 Sgume db e aass L aigy
W = Joe iols )8 addllas 5550 ¢35 4y 515 35l 5 518
3 0.7 ——sale Gas Fraction .)9_.) L.é.”’)}’ Ol_‘> LS) 9 0dsS A_.Jy ol_‘> LS_D 6‘)‘b les
g""’ (oS HLid g lawgie gl comoad adg JLw a S
s 05 —
"E"“ Goad oz B gu i oo ccaig ol g 35 jLeaway
Foa adg aoli8lds e Bae)ald pcdl ) Sy A
02
0 (03_3 v
0
0 500 1000 1500 2000 2500 3000 3500 .. . . . e .
Time (day) Lis gl ()5 by Gk 5B G5 ) 9y

i 58S Somw sl 58 L s )sl3 8 e eyl

[BYIF 0590 (5l 00 dudgi 515 (g pumndis 11V JSi
A0 JS8) godg ol

Ll cllesaS wisyy (g 39> adlllaabiplln i 1L s s els 5 b 55 G,y Y 8ye

5L LB 3e g5 s adyl e 00 S0 039 Bl ek S S (gl S5 L sl e Lt

ol anl a5 i lea oo Jled slodinte s (18 IS8 Loy Jyad o 515 g, eesislss ol
Oz Slei s OVA JSi) ams olaizl s jge dw o 0 5L

Lo sl iy ol b 5 5,5 F o
39z | ol g5 e oisS o 45 slilec 45 5,5 bl b ¥ ol S S G5 T s

S 50,5 S (61 5 L 5591318 50 JLtd
Loy Joab ;0 58 gl 90 (g8 wsodsi ol
OV Ui

sl amsly Sllee 4y Cond (6 5UL Caglgl b ciisy o
Sy b Tl 3G 5 8,08 o 5 4 LS, bl a8

0000000000000 000000000

.ooooooooooooooooooooooocoooooooooooD 1€opP UWJMMMJ[DS)OJLQ_WMQU;W



NPV
2038
20.33
2028
2023

20.18

NPV (MM$)

20.13

20.08

19.98

Numerical GOA SA

G995 39 31 eoliiwl b olawe S NPV 114 IS
[6F] 3LassT g goue (g 3lwains

G Injection Rate {MMSCFiday)

T (Manth)

—Well] ——Well? ——Well ] ——Welld ——Well§ ——Wells

[OF] golopuiun Joo (o )55 515 e &1 Y+ SIS

GOA SA

a
0 5 [ 15 b ] L] 5 0] 15 2

Time (meonth) Time (Month)
e Wl | o Wi 2 e Wl 3 e Wil | e Wil 2o Wl

e W] e W] § e W] f e Wl §

[6F] GOA §SA Joo sy 55 35 aiute &5 YY) Kb

=St sl Jaws 5l ol g Jele VoYY Lo o

Sl B G5 9 anl oz Ge i n adox 5598
Loyl ol ogle ais S oolaiwl s bl cilu 5 5 5lw Jae
S S S (g slmtinge wi o8 oL 4 o (oo )55
09> aslllaed g0 ( Slakoe sl el (05 4 10 )
sl S 555 058 b Loy T dols 1,8
csmas 4 5l T Coles e 0088 alie &l )3 alojl
OsesS 5 J=lie po U s s am gl (g
S sl S5 g aSsp 0 ilwde lm IS
@S g ooy LB el il Jds g oS>
Ot S S IS o oSl miaren N3 (g @

1o P UWJMMMJ[DSAOJLO_WM)LJ;W 4«oooooooooooooooooooooooooooooooooo.

e
o

Gas Lift Fraction of Produced Gas
e © o o €
N b = &

e

)

0 500 1000 1500 2000 2500 3000 3500
Time (day)

631313 5508 315 (G dans Ui 1 VA S
[8Y10,90 4w y» 40 35

Sdov] ol Sen U (s poad! gidaca Y- ¥+ Jlw 5o
ol S5 w)sl 3l 5 s3lmaned 6l s L3805
Slass (gl i ags aalidl Sualy S8 )5 &5 s leaite
ket (Al g Lo g a5 030 ,5 eslatwl ol 0L
L5058 Slacsiass gl 2l osilly (sblie ity S50
JLid Gl a5 by o Slalllas (pizpen o] .o ploxl
ol ot 3B gy sl T iles 2 5 350
sl (e adg yos 43 2 g ol wdgs o Sles Loyl
SEL 65032 slaaSaSs a5 ws,S sanlive aloxil yus il
5l g it s O yloo G b ol e
L a3l a5 sy Sl 4y 550 JLid el &0 0
>z Ol sl 4l ol wdgi o Slas g2 (sl g
S5 Sdgi ams oo o3zl ol ay 15 Bl oo dihe lae yas
94520 e dablolz )i ol e L33 0 (x|,
L T8 SisS a8 ol s g soladl s
olr o i aslyy) odss Olies stz R 5o ol oo
b anslie )3 Al sgw inlpl g 9o (alBl) lags 5
29, U 65w jsbar (b oaiS oy slacly

LQR (g0 () jl ez asls 5 Glige Y- VY Lo 5o
053 Joe by .058,5" eoliiwl 515 amass ¢ jluaigs ol
2o ks 8l | 5 (a9 03, (28 L )
Soslaiwl byt Slaalie ulwl 5050 ,5 (g 5lwaige oylo)
b alie ;5 SULNPV ey 2o LQR go0e sla s,
oy T andlas yo (VA JSCi) o BLaasT sy, 5l ool
2o SBlassl gl slap sl o 55 5,5 Gl
S sbml a4 e 4573, i e Sloj Jol e
0L Il Sl ey 2 50 (g9 (giludinge e g 05
ool all,l (goae g, oyl ol plo «(VV-Y - JSo) o eols
Samned 1§ Inbb S 5l 6 S5l s NPV (2al33 6l 2
[oF]oxils 5, SLeasT sla g, 4

3

0000000000000 000000000.



o0l 03 1,54 (651051 148 (g3 Lwadats sLo g £l A Jgua

adS s Jlw 4o
Silwaians s sg Jlw g odiens 9o
alts (gl S5 03,55 [ .
- G - ol Vaaf ) ISen § 3 le
3L sy9T3l8 sjleae S
Al gl (JelSS 5,551

il 4 5 s g il

COMBIA (sl 3, oS 5
L syslhs

S5 S rw)aﬂ‘
&l 6')’ O

Gl ol LSS g,
8 &P ES e (g3luaigy
6)5| ‘)5 5 (Qsmb 9 Qs;\m)

sl sl w05l
S GP € Geed sl 2l
o> o slp Aty

a3l Baaly S5 055l
EF 005 M g S g
s blaolr o 51 55
Sgite (o s ;3 55 (38,5

bt mi ;931 51 oolainl
Ao &l g, 9 D) el
At Gz 0,505, J> sl
&l

4 )LSe (o2l Jao Ko axg
S35 oy 5l oS 5 L
O5le8)le (g3l ) 9

b bl et jolaiens
sl p

S silwainge 55!
e (arass sl a5
ol 5l (29,5 & 5 axe

6“‘”1% slass b Q‘..\.:.a A 6‘)—.’

oo (1S5 &l 51 sl
O 8kee g3l ln (hnayo
o085 5L (o505l
Sl 6l S35

s a0l 5l S S

6')-’ =5 M)SS“
aass e & jlwai
2o ol Sl (oog )5 50 58

“eeccccccccscscscscsocscscscsccccocd>

[ysly- -5 S lus s,

[Vl - ASSg 5 S

[YAIY - q ol el g cdl;

[¥aly -\ olsi 5 L g,

Dal Yoy ot 5 sl

[F-1Y VY avas

(A Y Y o asls g gl

[EY] ¥y Bolo 5 sogemne

[EFIY N f oS 5 5036

[REIY 10 Ledl g g oolyemsld

[falY 10 o Ka 5 Joms,

Gty ol b Lo .oyl lae s 1y Lad alls sgus jlade
aile ol (sla S5rg a8 winls s o ,55Ul 40 4o 5l oasl
ol (S paradS (59, 2 Wl o0 (B304 o p2
90 o wgi 0ol a sl il )b (A Jguz) il 138 )

[o0].ams o olas 1) w65

GrIB S5 ot 5551 5l ool b ade o yiolyly 1 A Jgur

[66] mmscf/day 3w yws 4o 35 b elyd pl>ojl g

parameter units GWO PSO
Tubing diameterl inch 5.5 5
Tubing diameter2 inch 5.8 5.5
Tubing diameter3 inch 5.6 5.1
Tubing diameter4 inch 7 6.8
Gas injectionratel  MMSCEF/day 0 0
Gas injectionrate2 MMSCF/day  0.019 0.5
Gas injection rated MMSCF/day ~ 2.978 2.5
Separator pressure psig 110 110

35T 40 lyion |y 5 3lmtings S ye S5 b
Y Glbwdse ¥ gilwas ) 0,8 ganaiws Iy
N O S s R e e e
w—as baS b alex jlanus g ojudy, STy
Gl ;o ks jol ol oS oo eolaiul coiae
Slegoge ilwaige o 4k 55 L (ogian 50508
oS > [0A-07] o4t o soms i slaoje> S0
5430)|50054)JUL4)‘4JLM~AJQJ‘)_~44¢>59 ‘L)—“""
‘W ‘_g)l_wJ..\A Q"‘ » 05U$ Ju._u:la‘sau )|\>)5>.)g ‘5‘35
Gl a1 0l vales s (o5l 4 e
el aily gildoe 4 o day Bus AU slul 6l
aS 0,5 slael gilwaigy moli an led oo sloj s
aSl ol ol 0,8 Ogo CBo b g diw o (g5l Jo
9 e sy, b o9t (L Rl (earas ras
sl e Soe b3l

Gilwdigo ool a8 )8 IS as el sl eSS
Jouz) o )l 13 (g, & 3l gla e jo 55 &) 5
1wl ool &1 paise jebas (4

1o P Gliwoj . pds29 S>. 095 6 jlo—ib . pd J—mw



G5 Al g gaige Y
dxwgd 31 AS ) SO Al Lol Gas allis ol o
ko )15 g Slalllas 5 5L (55131 % (55lming o
sose il slagt) Elgil o9 s > (sl 39250
e gy abez3l 5L (sys051,8 50 b, 5y ()8
98 S5 oS e I pgo a2 0 (5 paslip
9ol 2 e sl el a5z on s8Il el
g (el A D e (Sorin o980l es S0k 5
gl pgaz 1o (5 ws Gl 5085 8 gy 2 5 )90
Saw il e il | g cnl )3 ilwane slagty,
855 50 L e Js B Clyr @ o 5lmaige )
Bas ol b4y ol alles SO (gl ail oo by dgaze

ool il allise oo & 1l ol Sl g5 g0 s 5
5o g Gl Wil o B 2 55 L T8 50 o5
03550 il 5L T odg als oSl by 5 alls sy
Lo dgazms G o yiws ;0 Oliee o9 S99 s
9Bk lee slaoly 51 G sl 5B Gy 5 e e
195 Sl (o ymsd 33 58 (e 5l g 5 ggerme 45 (5 5kt
ol (Ll Gl aite (mn (siltinge 5 Baa cnl e
S dindon b ateS Bas Al oS slasgSay

3 e plsl sl ilwaingy wb aiS oS b les
Bas b cole gl goasin sla g, o)l Bas Al 4
(smas &b ( Goxia (bl o 0,75 Ly ez jlo o 092
Llyy 9 (Gomie 3l slaghs) Slesliiwl g (ogtas
calrd s diails (3ke e sl slellas o 50 025
6l el e Su LT, 0T s ses iy il oo ol
el 2ol cnlpd et Gl 5 0,5 Jlesl ool 4o
Ol el oglle 9 oo (lwaisge aloe ooy (13
) s adgi Ol g i 10,55 50 (o5 235 Sl Lt
(s 45 0590l S 00 9510 WSl b 5wl
el 03,5 oy (3lwainty Pl ;0 09 Coonl (o9ras
Silmdae SBoa (gilmange slahs; o ) Shee 451
Silwde prkis slazel s 50 gl &bly )5 0)ls (S
Al e ol sl

Fodazes S ayas ol ylas allas ¢yl jo Slallas g lis
3l oslawl any Lo L pite sloces il3dl g s o
sode slaghy) cnl poglle Wb oo AalS sous slaghs,
J> g0 Mhes iz WS (o0 000 S 1l Fee 5l L
W co (il ) Dlawlors Cs jus g 08,5 ooz 1) Pluws

1o P UWJMmM}f"S)on—WMQJ;‘” 40oooooooooooooooooooooooooooooooooo.

Opadly g 5 Su piyesl [FRIV-10 saals g Sbage

s EDA wéun vz g5luaig
NSGA2 ddan wiz oy 65!
i odgi (il Glaal b [PAY 0 2l Ko g Lislons oo
ol g B pae 5 rals
el oy

slp SFyhas oas rass
935 b syl sileoe
1) 58 carass gjluaige
S e, o) 5 eolazl

[FAIY VY il e g S5

3| NSNS g o
0959 Caws 4 slp Ol 4 >
Sl s yge 55 Jlaie JBlas> [FAIY 1A Ll Sen g loels

O G Sl G 25 0
Codgasme S 4y 00

Pl g sluare w95
5 Sl o psSll el
J- LS‘J' 55 ol

L 50308 6)“% S
el e oy Cais yo 58

(01714 o Ka g 3]

emas a5l eolatul
ot ,s) esmae
& oo sl CMBR
oo 335 L sl Slilas (DY ) o g uslos pao
e (3l o580 5l
Slp 65k = el »
35 parass gludig

s (S5 o 5]
Silwtinr ln ek oS00
e o lfua,m‘u [OY]Y Y- o) Ko g o puseisgs
slbob wLm Io)

6‘)" [\ wl.: ‘ oalaiul
S w—*’)}ﬂ‘ 9 6)L~‘4---’
3 G5 65 it sl [OYIY-Ye o an 5 (5 502
u;‘x s o al8l Sasly
ol> ol j olaws

L5 panass g5luats
LQR soue g, 5l oolarul

5 SA w5 30 b deglie [DFIY- Y\ o Ko g Sboge
GOA

iz e b 6)L-°J*’~"
6)1-“4-‘-4? ‘5 g
PURRSPCIN Y “LM| L [0l YY uwldlicn; g Lol
b anslic 5 5,815 S5 6l
O3 plosl iy 63!

=Sy slaJoe 5l eolainl
2 Slede gl @08,
slaoje> (sslwage Jilaw

50005 (B «5,0B8 ¢ con
[OA-0F1Y - V¥l o

©
3

0000000000000 000000000.



“eeccccccccscscscscsocscscscsccccocd>

dmilzme o 3l 9w yio0 (bl 4 (g5l 0015 (6 o
Sep il o0 a5 jeailan ai il )10 )53 (6 S
Pl J> sl (ool> (5L, s 2 lils Lag )55l )
Fadse (nl (Folw b (Suuzmy o5 s gjloaige
Fosbo o8I Sl 4z 52 5 Sonl 1593 2 (53b 5 Coen
S o0 )l 2l el @ @ ey 5o 1) Lo il
S oo 936 T 05800 93l (651 Sl el cnl nal b

Oygots §iluainge Pl 2T ol S o5 jobiles
g Dloz d i) (1 500 (S iledy s s
8l b ,o51 5l (5 05 Sole ) Hlais 50 Cudgaze i
Ngd oe azlge JSie b laiusguze (ol o (g5l
gy ol Lol b 5 00l @) 1 censlinl gz ol Ko 5
plosl 1) ol llone il Jor (61 slainge s
Wb o s (slad g eosls x> o &dly o 020 0
Sloj jludinge 0d dalyS ouzey 5 0L o) 5 aloee
5 Oy Bpo 50 algn oS aas oo il (6 e slagly
ool (29248 0 i se

5 Llre (6,100 13 o 56501 (sl sy 51 S5 euled o
Slaws 1,85 slaws 45 wilgs so by T glis 9 05 lo 1) 995 olas
Soyp o yShes aazg Ly ail g 2l lo ccds dacly
S oo S Lo Shg 5 silwanate slahs, )
500 (Sleeds 05 b go (aseiia o g, K00 4 Cos ]
(Sl pw g 50 (2 Sop ale (alge 0 S5 52 55
OIS (K g ey 80 s LB (sl el )y Slows
oS SIS Gl g0 e dte e b gy Sl gl
S9zge allacs Lyl o L ool ooy gl s lie b Lo
5 S 50 D11 6y B9y piysSl oS855 ool i oo
lp o1 jebas (g5laaingy o )l plaS S Blg5 ool
9 oA 0920 jeb e Al oo el i S5 S
Sglite ;508e L 5 bty 981 5 Spm )0 o psits gy
O s olr Gl Sy 4 4z b lagl aen Lol g aalys
ante ]y B0 s50 slayelil cBoe Bl oy Hslateay
Sl Bl 33 (955 a8 5l (phm 0S5 o
iy 3l woass aid S 5 4 55 L estan sl 3
o GLsdlos 3 (3lmaings o sS4 s e L]
S5 il wisl eIy b St 3l o ,55)
95 el G395 (Gl (s3laite oyl (s S 1>
P OlFes alple 5 o )Lal Sl (gl o))
53 bt 4 Lo o8l nl lesliial b (sam Slalllas

S (o M Al Jins sl piite &5 Sloj pogas
oolat s g0 (6,101 18 sl )5l cdayl ) oyl j0 13
ke Pl )80l (s sloshg) 0055 o0 )l -5
S8 a5 (ST oy, oS oo > 1) oimn
) adsl slagls g9t Jolpe 5o a5 adlon ©)00 cnl
ol B il b gam J>lye 50 g 00,8 sl Bolas jsboay
153 lapits ;9801 oS (oo 0di 1) (6550 slaclyz (b
Wlowds 48,5 sled! Carls 51 5 009y B0l «(g, 1S
JreS Rl slo il ol ilwansy slapt;sX!
gl oS polie pl ol (glwaigy gl aS wi il so
gy ol Gleo 5o Lol oS o oolaiwl Lo el )by o
I pelass 8 sl el )y 457510 952 ol 55!
Cbionn Jawgi aLAS (0 0ad ploxl (g lwdigy 4 4z b
S5 s s 6 mSol 5 Ghigel s (s oS
i 4 aels a5 wil so oo 6l s 5> (g WS
ol [y s,y tnl 655 ey ol il i el
s £95 58 )0 35290 Sl Jge,8 ST aST 2 wms oo
o ol ) oudass b sl el oudas BB sl il )b (6l 1o
Ol ol ol ity oles Bus 4y ez 5 i O jgod
ablee g0l sl glyls g ools uul3dl ) aule
g9t b & ¢ 5 3ludinge slapt o801 5l (B 0 Geizmen
ploay oo conlinl g9, aladi a5 g jsbay .aiws yulus
Sldllas ay azgi b ogs co oo agy LA jo oldl
a5 A8l Cwd S opl Ay udiee 5l ool el i
30 oS ol dlaw g ioses ;o dw ) ;LS 4y i
a0l 50 a5 b po cazdl o pls ay  doxs dige bl
S 58 g ) S 5 ] it
S5k 5 (9ol (e o)l s o 45z 065
Silotinte L s plo & o 540 o 3,8 kes
ol pae @ plgi sy 5 0 ol isls lai o 5
i slage 3 50 J S BB sl el )l 4 Loty 55!
Blcires ;0 a5 0l oays Sldllas ST 50 0l Cad g
ey 351 LBy g l)d bl slaps 563l o Slas UL
SIS slap,; o5 )0 50l oo ol 28 BB Hsba
Sy b 500 lapt s 4 ol Ol a3 2 5 laaz e

1o P Gliwoj . pds29 S>. 095 6 jlo—ib . pd J—mw



137(12): p. 48491.

[8]. Momenian, M., et al., Experimental study
on Polymer Flooding in a Heterogeneous
Porous Media-Part I: Effects of Copolymer
and Silica Nanoparticles Composition.
Journal of Oil, Gas and Petrochemical
Technology, 2023. 10(2): p. 110-124.

[9]. Shahmarvand, S. and F. Ameli, A Review
on Recent Studies on the Simulation of
Foam Flooding in Porous Media. Iranian
Chemical Engineering Journal, 2021.
20(116): p. 64-83.

[10].Shahmarvand, S., et al., Experimental
investigation on the stability of foam using
combination of anionic and zwitterionic
surfactants: A screening scenario to obtain
optimum compound. Journal of Dispersion

Science and Technology, 2023: p. 1-12.

[11]. Crnogorac, M., et al., Selection of Artificial
Lift Methods: A Brief Review and New
Model Based on Fuzzy Logic. Energies,
2020. 13(7): p. 1758.

[12].12. Khamehchi, E., et al., Continuous gas
lift optimization using genetic algorithm.
Australian Journal of Basic and Applied
Sciences, 2009. 3(4): p. 3919-3929.

[13].Langvik, A.S. and L. Dzubur, Optimization
of oil production-applied to the marlim
field. 2012, Institutt for industriell gkonomi
og teknologiledelse.

[14]. Ghaedi, M., B. Aminshahidy, and C.
Ghotbi,
Optimization to a Group of Wells in Gas
Lift Using an Efficient Hybrid Genetic
Algorithm (HGA). Energy Sources, Part A:
Recovery, Utilization, and Environmental
Effects, 2014. 36(21): p. 2361-2375.

Improving  Gas  Allocation

[15]. Ayatollahi, S., M. Narimani, and M.

Moshfeghian,  Intermittent gas  lift

1o P UWJMWMJPSAOJLO_WM)U;W 40oooooooooooooooooooooooooooooooooo.

[2].

[7].

. Ameli, F., S.

3l 5 L 65l 8 opa

Iy
and S.

Shahmarvand, Polymer flooding. 2022,
Gulf Professional Publishing. p. 33-94.

Moghadam,

Ameli, F., S. Moghaddam, and S.
Shahmarvand, Introduction to gas flooding
technique: fundamentals and applications,
in Gas Injection Methods. 2023, Gulf
Professional Publishing. p. 1-43.

. Hayatolgheibi, S.H. and F. Ameli, A

mechanistic study on the behavior of
injected hydrogels in porous media for
enhanced oil recovery. Journal of Oil, Gas
and Petrochemical Technology, 2020. 7(1):
p. 75-87.

. Hayatolgheibi, S.H., F. Ameli, and M.R.

Moghbeli, Performance Mechanism of
Hydrogel for Enhanced Oil Recovery: A
Numerical Simulation Study Based on the
Phase-Field Approach. 2021.

. Hayatolgheibi, S.H., F. Ameli, and M.R.

Moghbeli, A simulation study on hydrogel
performance for enhanced oil recovery
using phase-field method. Scientific

Reports, 2022. 12(1): p. 2379.

. Hayatolgheilbi, S.H., et al., Investigation on

the Polymer Flooding in a Heterogeneous
Porous Media-Part II: Simulation Study.
Journal of Oil, Gas and Petrochemical
Technology, 2023. 10(1): p. 70-85.

Jamali, A., et al, Synthesis and
characterization of pH-sensitive poly
(acrylamide-co-methylenebisacrylamide-
co-acrylic acid) hydrogel microspheres
containing silica nanoparticles: Application
in enhanced oil recovery processes.

Journal of Applied Polymer Science, 2020.

©
3

0000000000000 000000000.



©
3

“eeccccccccscscscscsocscscscsccccocd>

(includes associated papers 10858 and
10865). Journal of Petroleum Technology,
1981. 33(10): p. 1887-1892.

[26]. Nishikiori, N., et al. An improved method
for gas lift allocation optimization. in
SPE Annual Technical Conference and
Exhibition. 1989. OnePetro.

[27].Buitrago, S., E. Rodriguez, and D.
Espin. Global optimization techniques
in gas allocation for continuous flow
gas lift systems. in SPE gas technology
symposium. 1996. OnePetro.

[28].Fang, W. and K. Lo, A generalized
well-management scheme for reservoir
simulation. SPE Reservoir Engineering,
1996. 11(02): p. 116-120.

[29]. Dutta-Roy, K. and J. Kattapuram. A new
approach to gas-lift allocation optimization.
in SPE western regional meeting. 1997.

OnePetro.

[30]. Wang, P, M. Litvak, and K. Aziz.
Optimization of production operations in
petroleum fields. in SPE annual technical

conference and exhibition. 2002. OnePetro.

[31]. Alarco” n, G.A., C.F. Torres, and L.E. Go’
mez, Global optimization of gas allocation
to a group of wells in artificial lift using
nonlinear constrained programming. J.
Energy Resour. Technol., 2002. 124(4): p.
262-268.

[32]. Kosmidis, V.D., J.D. Perkins, and E.N.
Pistikopoulos, A mixed integer optimization
formulation for the well scheduling
problem on petroleum fields. Computers
& Chemical Engineering, 2005. 29(7): p.
1523-1541.

[33]. Camponogara, E. and A.M. de Conto, Lift-
gas allocation under precedence constraints:

MILP formulation and computational

in Aghajari oil field, a mathematical
study. Journal of Petroleum Science and
Engineering, 2004. 42(2-4): p. 245-255.

[16].Oloro, J. and E. Ogbolu, Gas Lift
Optimization: Using Least Square Method
and Solver. Greener Journal of Petroleum
and Gas Exploration, 2013. 1(1).

[17].Rashid, K., W. Bailey, and B. Couét, A
survey of methods for gas-lift optimization.
Modelling and Simulation in Engineering,
2012.2012: p. 24-24.

i cpolee slmol> 51 (SO o Lcd il aule g
Sl 5 35 b esman 5,505),8 co j5aS Coir
weliale 0l 25 2 e Ayl SR8 G5 5055 25

AV G g cwi ader g BluasT ele

[19]. Hamedi, H., F. Rashidi, and E. Khamehchi,
A novel approach to the gas-lift allocation
optimization problem. Petroleum Science
and Technology, 2011. 29(4): p. 418-427.

[20]. G.Takacs, GAS LIFT manual. 2005.

[21]. Khamehchi, E. and M.R. Mahdiani, Gas
allocation optimization methods in artificial

gas lift. 2017: Springer.

[22]. Mayhill, T. Simplified method for gas-lift
well problem identification and diagnosis.
in Fall Meeting of the Society of Petroleum
Engineers of AIME. 1974. OnePetro.

[23]. Gomez, V.R., Optimization of Continuous
Flow Gas-Lift Systems. 1974, University of

Tulsa.

[24].[24] Redden, J.D., T. Sherman, and
J.R. Blann. Optimizing gas-lift systems. in
Fall Meeting of the Society of Petroleum
Engineers of AIME. 1974. OnePetro.

[25].Kanu, E.P., J. Mach, and K.E. Brown,
Economic approach to oil production

and gas allocation in continuous gas lift

1o P Gliwoj . pds29 S>. 095 6 jlo—ib . pd J—mw



swarm optimization and a penalty function.
Petroleum science and technology, 2012.
30(8): p. 775-785.

[42]. Mahmudi, M. and M.T. Sadeghi, The
optimization of continuous gas lift
process using an integrated compositional

model. Journal of Petroleum Science and
Engineering, 2013. 108: p. 321-327.

[43]. Ghaedi, M., C. Ghotbi, and B. Aminshahidy,
The optimization of gas allocation to a
group of wells in a gas lift using an efficient
Ant Colony Algorithm (ACO). Energy
Sources, Part A: Recovery, Utilization, and
Environmental Effects, 2014. 36(11): p.
1234-1248.

[44]. Ghassemzadeh, S. and P. Pourafshary,
Development of an intelligent economic
model to optimize the initiation time of
gas lift operation. Journal of Petroleum
Exploration and Production Technology,
2015. 5(3): p. 315-320.

[45].Rasouli, H., et al., A surrogate integrated
production modeling approach to long-term
gas-lift allocation optimization. Chemical
Engineering ~ Communications,  2015.
202(5): p. 647-654.

[46].Mahdiani, M.R. and E. Khamehchi,
Preventing instability phenomenon in gas-
lift optimization. Iranian Journal of Oil and
Gas Science and Technology, 2015. 4(1): p.
49-65.

[47]. Miresmaeili, S.O.H., P. Pourafshary, and
F.J. Farahani, A novel multi-objective
estimation of distribution algorithm for
solving gas lift allocation problem. Journal

of Natural Gas Science and Engineering,
2015. 23: p. 272-280.

[48]. Tavakoli, R., et al., Optimization of gas lift

allocation using different models. Recent

1o P UWJMWMJPSAOJLO_WM)U;W 40oooooooooooooooooooooooooooooooooo.

analysis. IEEE Transactions on Automation
Science and Engineering, 2009. 6(3): p.
544-551.

[34].Chou, J.-S. and D.-N. Truong, A novel
metaheuristic  optimizer inspired by
behavior of jellyfish in ocean. Applied
Mathematics and Computation, 2021. 389:
p. 125535.

[35]. Martinez, E., et al. Application of genetic
algorithm on the distribution of gas-
lift injection. in SPE Latin America
and Caribbean Petroleum Engineering
Conference. 1994. SPE.

[36].Ray, T. and R. Sarker. Multiobjective
evolutionary approach to the solution of gas
lift optimization problems. in 2006 IEEE
International Conference on Evolutionary
Computation. 2006. IEEE.

[37]. Wang, P. and M. Litvak, Gas lift
optimization for long-term  reservoir
simulations. SPE Reservoir Evaluation &
Engineering, 2008. 11(01): p. 147-153.

[38]. Zerafat, M.M., S. Ayatollahi, and A.A.
Roosta, Genetic algorithms and ant
colony approach for gas-lift allocation
optimization. Journal of the Japan
Petroleum Institute, 2009. 52(3): p. 102-
107.

Lo ads o jlwaige 5 o8 etal cad s [val
(o (owdign 9 (soud 4y S x5 9151,8
FAYN PO XN (ol

xS Sabady ol dand B panes  [F-]
Sal3lrd i (Silmdingy &8y Ly sl
ole aclinle oLl b oypsle 0 5 Ly e sice
DV-FO p (A 55 5 i adgr g BlacS]

[41]. Hamedi, H. and E. Khamehchi, A nonlinear

approach to gas lift allocation optimization

with operational constraints using particle

©
3

0000000000000 000000000.



3

“eeccccccccscscscscsocscscscsccccocd>

optimization of water-alternating flue gas
process using machine learning and nature-
inspired algorithms in a real geological
field. Energy, 2024: p. 130413.

[57]. Ghadery-Fahliyany, H., et al., Toward
predicting thermal conductivity of hybrid
nanofluids: Application of a committee of
robust neural networks, theoretical, and
empirical models. Powder Technology,
2024: p. 119506.

[58]. Naghizadeh, A., et al., Modeling thermal
conductivity of hydrogen-based binary
gaseous mixtures using generalized
regression neural network. International
Journal of Hydrogen Energy, 2024. 59: p.
242-250.

Advances in Petrochemical Science, 2017.
1(2).

[49].Namdar, H., Developing an improved
approach to solving a new gas lift
optimization problem. Journal of Petroleum
Exploration and Production Technology,
2019. 9(4): p. 2965-2978.

[50].Lopez, S., et al., Optimization of Lift Gas
Allocation using Evolutionary Algorithms.
International ~ Journal —of  Computer
Applications Technology and Research
(IJCATR), 2019.

[51]. Miresmaeili, S.O.H., et al., An improved
optimization method in gas allocation for
continuous flow gas-lift system. Journal of
Petroleum Science and Engineering, 2019.
172: p. 819-830.

[52].Khoshkbarchi, M., et al. Application
of Mesh Adaptive Derivative-Free
Optimization ~ Technique  for  Gas-
Lift Optimization in an Integrated
Reservoirs, Wells, and Facilities Modeling
Environment. in SPE Canada Heavy Oil
Conference. 2020. OnePetro.

[53]. AlJuboori, M., et al. Numerical simulation
of gas lift optimization using genetic
algorithm for a Middle East oil field:
feasibility study. in International Petroleum
Technology Conference. 2020. OnePetro.

[54]. Mahdiani, M.R., E. Khamehchi, and A.A.
Suratgar, Using linear—quadratic regulator
to optimally control the gas lift operation.
Arabian Journal of Geosciences, 2021. 14:

p. 1-19.

[55]. Zeinolabedini, F.A.L., A Novel Approach
to the Gas-Lift Allocation Optimization
Y-YY.

[56]. Naghizadeh, A., et al., Multi-objective

1o P Gliwoj . pds29 S>. 095 6 jlo—ib . pd J—mw



IRANIAN JOURNAL OF GAS ENGINEERING

Volume 10/ Issue 2 / NO. 18 / Winter 2023 / Pages 42-60

Journal Homepage: www.ijge.irangi.org

A Review of Gas Injection Optimization Studies in

Artificial Gas Lift

Leila Zeinolabedini'. Forough Ameli*

1. M.Sc., Department of Petroleum Engineering, School of Chemical Engineering, Iran University of Science

and Technology, Tehran, Iran

2. Assistant Professor, Department of Petroleum Engineering, School of Chemical Engineering, Iran University

of Science and Technology, Tehran, Iran

ARTICLE INFO

ABSTRACT

REVIEW ARTICLE

Article History:

Received: 01 November 2023
Revised: 26 December 2023
Accepted: 29 December 2023

Keywords:

Gas lift

optimization techniques
Available gas

Oil production
Metaheuristic methods

DOR: 20.1001.1.25885251.1402.00.00

With the help of gas lift methods, the ability of the fluid
increases and the production takes place at the surface. Often,
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1. Soft Sensor

2. Process Information Management Systems (PIMS)
3. Data Driven Soft Sensor

4. Machine Vision

5. Personal protective equipment or PPE

6. Post Office Box
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In the current sanctions situation and due to the
departure of many well-known western companies
from the country, the development process of the gas
industry will require the participation and diligence of
domestic specialists, suppliers and contractors more than
before. That it is necessary to examine their obstacles
and problems in similar plans and projects in the country
and consider them as a lesson learned and with the aim
of not reinventing the wheel in the future contracts of
the country’s gas industry.

One of the reasons for the stoppage or failure of many
plans and projects in the country, especially in the field
of oil and energy, is the unresolved or prolongation of
claims raised by domestic suppliers and contractors, such
as the failure to take preventive measures or the failure
to resolve claims. In the short term, it has caused a delay
in the fruition of the plans or their suspension and the
waste of treasury resources and damage to the parties to
the agreement.

In this article, while knowing the main processes
of claims management, we will examine preventive
solutions in this field that can be used in gas industry
projects.
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