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Optimization of EOR Well Constraints Using ...

A significant portion of the world's oil reserves is hosted in carbonate
formations. Recent studies on low-salinity water injection have shown
that reducing the salinity of the injected water can significantly enhance
oil recovery. However, optimizing well operating conditions during
low-salinity water injection remains a major challenge due to the process
complexity and the computational cost of reservoir simulations.
Unlike previous works, this study employed a combination of
a machine-learning-based surrogate model and a multi-objective genetic
algorithm to simultaneously model and optimize well operating
constraints, including maximum oil production rate, minimum
bottom-hole pressure, water injection rate, and perforation status
(open/closed). The developed surrogate model demonstrated high
accuracy (R = 0.989 for training and 0.984 for testing) and significantly
reduced the simulation time. Subsequently, by considering net present
value, oil recovery factor, and water cut as objective functions, a set of
optimal solutions was obtained on the Pareto front. The results indicated
that optimal well conditions could lead to a $135 million increase in net
present value and an oil recovery factor of up to 65.54%.

Received: 21 May 2025
Accepted: 9 June 2025
Page Number: 135-146

Keywords:

Low Salinity Water
Injection,

Carbonate Oil Reservoir,
Net Present Value,
Multi-Objective Genetic
Algorithm,
Well-Operating
Condition

Please Cite this Article Using:

Mohammadzadeh, K., & Tabatabaei-Nezhad, S. A. R. (2026). Optimization of EOR Well Constraints Using
Surrogate Models and NSGA 11: Low-Salinity Water Flooding. Iranian Chemical Engineering Journal, 25(144),
135-146, [In Persian].

©00000000000M00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000


https://doi.org/10.22034/ijche.2025.525262.1523

sy O8O

d DOI: 10.22034/ijche.2025.525262.1523 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

o le Jowo b cads el p 8L o)l sbdoly (Fldos bl s 6 5Lwdiagy
29SSl @1y daduis S a yeNl 9

5*";!53‘;\—,-19\13’ L,,}:Lp.x:..., “e:b-\-w ,5,95

P o oLl (i g 0l ol IS (g gmeils -
Fog s oSSl (s g Sl Y
tabatabaei@sut.ac.ir : ;55 ely

oS
VEFIVINY redl e )b Olallbs Casloasgdly 41,5 slocKiw o Glpm 15 5 cudi 55 5/ g>g5 b o
VEFYNRhnd )b S 5l |y Sl i Wi e )55 T 558 AL AT Celoslog L
VEP BT oo o )leds =S Ol iy 5 0 Lool>  ldae Lyl i gilwdig o ol sans iulisl
b iz S o il o5 polej 5 S slo Sy JSoas

oo Al S o joro SO jl o g jlvans (sloools LUy dellao ] .09 cociguio

e b s il 3Ll sole Slles byl pd (5 jbodings

Sl iz sla oo ely sl200ls L T Sl s 45 ool

IWO-1EF :(1F-0) Jlezades 9 30 dilosds - oy 9Cumny Jw = Ol (ouds o digo 4 o

LJ"ff’L’ ‘JA_A LL__: ‘-A—ﬁ—rj’)/‘u—ﬁ-ﬂw uLﬂ...vu J){))J cdefllao ‘JJ/)J w/awﬂ...é..f

(J‘}éww 9 a:‘j.k.a.’u) o

it 5 ilwded sl b SCUS )55 b il 650k tieo
iwojlgunls ol s filim wadyr o 25T folis ool ildas (slocysgame Slojen

‘)9...:‘@5 UT sy /_zu.zj_ib‘lfd_o Mod&w/[‘b‘;jUM OOy diww L:)L: Corsg g uiwjf~@J
M_,L_,)S U)L’u (LJ}-"J/’JL‘-’ /A fj uu)}_A/—‘_;uod/.) L;/)—’ /A9 M ‘.A:r).‘é) wL..a AIN)

PERVRTERE KT PCHR [ o s IS 5] 80 b e i (Sl A5 g e g0
5 iy sloele llae Lyl g0 dig slo [>ol, ] slcgazms ibun slodazio ylpicd ;_qu;})g; Cuai 8l b
g, o digy (Tldas Lyl b Sl 45 ol L mly delcwwoa o)l dp> LI

bl g o lis g b 5 ] 0 (6, Y Gaidio 1TD )38 4 pzio

KPR INWEIRY 24 V/A ) il AT

(s3dg

skt Al )

o (i 09,5 oyl pl Caro g ple oRisls oyl 45 %
o 4 olow!
adaanis S i, g sl Joe b cws canls y obojl sleels Slles byl il (gilwaige (V- 0) Lo pdeanw ol Slblb 365 w0oljoess

NEEAYO O FEIFD () o (pokige i 9565 &l 52,55


https://doi.org/10.22034/ijche.2025.525262.1523

VWWO-VFF oo — 315 SLbLL 5 o3l jdemee

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

wdo b Gl Sl o ool srols  Sldee byl i (5)jlwdingy

Conmdy 5 (6,5 Somiin (§95—as Aold wolzr dlols: Joll caslllne
Gl oSl L baamasein ol olad 45 3 baes 5 Smsin
8 Ol Slwlre couizen bl Getile 6530
ozl o sliiiirn slocuabd pue (28, Tl 0 Ly alls
S3lbdand ol )0 (g pddeii g JSlS ol nss
5l S0 el LS en g 0giles Y- VF Jlw yo [V e ]ed Solxl
Ll s dasaiy S5 slaei o8l 5 (eyan oras slaased
2l G Jsb s a5 32,55 sleelr sl |y Slkes

DV ]ss 5 s 5loange oSeal o35
s, Sgslw as cul o1 5l Sls 3 alRal;] wlaalie
s e S35k o s Gl sl lSles oS 5 alise
Jols el 50 sla) S5l o longzrg (s 5 Ol (5,5 rals
(SN S @ilgs (S S ALY blal wlBoir Sa
Ozl 5 Lagls Plosl (b (285 20l PH ol 33l
ol )| Galisee slo 555w e 5l DY YV O e 5, 13
b oodiSlid g5l o 5 ol Glgrean (Swisd 5 s
5 b (S el PH Rl allas Se Jobs @dly)s
Kol ol sleasgomany Glorear aliys (S sl &Y bl
S 0 (SHigdf ydd d i (Sod | ) g oo B yme
o oy o= dlen il Laols Slidee Lalys [V Pluses o
GalS ole i (o TS Cundg g olra JLid g
,:.,L_: Ot Dol 8, Slee 1 SCwlind O jgod 45 dilis
o wlis plis lisee Jolge 5b cod lbaasiin cpl 05,08
5 Jl (S0 Slasiine (0 )Vl Sliga (o s 3
M=l (i Glojlwands az 510550 18 55 adgl Ll
Lol gy o0 slod @ Lndasein ol i slade (oend sl (oolie
O3S Ol G5 50 saie slasiloancs ¢l Gog ok
el yo V] ealos S slon!l i ladllas 3 gas Sudgame
Cudgizme dddaniz (iluaing 4 lojen jsbay @islS Slallle
A L sl S S )0 a5 St Zandg g ool
aalllan ) )5 Cmulonis 4l solaidl ladasie (33,5
b a8 ol atbiangs (dle 65050k e Homeosls Joo S
§ B ot QL] damaiz S sl L ol oS 5

w|o..\wp.a:|)_e Lmol:> LsJL.L‘).C .la.u‘).w d)LMJdau-Q,J

doddio .Y

asly S sl yo plaz (8 il Sl Gloaee 5o
Dsjls ol cis bl cu s b jsbay g casloniadly
2 @S B 5 i (Slea 6l Lol (Bl vzl
O3l damags 5 BLasST %03 sm 51 VI8l ez 6551 (el
b bs, sleslinul il ple ol anjo 5 leds anld e
WU e s sasbe Bb e glesl rals gl cuils 5 sl
loby, e Olysar ;5505 ol Boy35 Celos,S 4z >
Slo0 yinS azgi « loards Cebloy SLojl s )0 g CeaBiyly)]
50 bl Jdods iz op (Canlos Sl vgmd il s jo |
il Sl sl by, ple s a8 pon g ke 5 (e
Irlealons ats p cds cais 4o sl 18 gbay

U saas,Las VAPV Jlw 4o oL 8es 9 3,6, LialesT ol
ot Gl g Sl S GRS 001 59,5 sh2y5 2 6 )9
Siesaly ol ils liime A2+ Lo o [Flog i cab;l
9 990 23,5 qay 0 |y 00l J S (698 wlale b O 35 anl
5 sy ok Sl s 1) O (5598 5 5 o en
1295 Jlow )3 5590 9 ok [olass s 51551, e bl
e SN L I E JE LU RS LR EY
wligiss Lalaze [#ls)ls O (Sjodb anlp s e el
iz 5 el BPY o858 By bl ais) ol o (55
) s o0 i Slalllas 5 (SLdsdod 55150 g (oh 05 0
Yeof Jlu o ol —gil s wslopll gedge ol LbLs, 1
e o RS palS el Sl (650 (Rl a5 sl
a8 a5 SIS Ve o0 Jlu o oles 5 6,5 Se [V]ogs o
O3S S Ly (G 5o Cdi utla Gl (Lol S5l
TNl Lajls o nbas o S 0lS 5 (Sigd 5 i
35 1y Sy lagiale T Vo) Jlo o ol Sen 5 dbl i
Solite slacs s b o sloslinull calides Covgacis slao jie
Loyo o drcaas ojmisms of G5 a5 slales gl .asslspl!
5 Lo Yo Yo Jlw o[855 ol jamany 1) (g i i aJs
Sl (( Siwdnle 0350 o j0 1) He8eS O Gy 5 o) Sen
5 = &l |y Lagiles] Joaz CMOST Jgslo sloslazull 5

S 90 sdasin Ao ,S 2l oS slansie giluaiyge

1. British Petroleum

Iranian Chemical Engineering Journal — Vol. 25 - No. 144 (2026)



Hln P Gliean gaiil Ol s @l 5 abas Sl o
Sl g Ve v eppm il Of (5555 jlaie .abisilu@as,
P @l 6y Olie 5 aiand S iy Fevppm 5y )33
w5 Slles Ll sladasiin ;86 535 ow)p jolites
Ol i 2lsl5 Grools iz ea awloabaridlodss coli i
sebied oalaiul 3550 (Gmly 9 Yo ()0t Lalys )0) ()5
() Jgaz 52 i SO slo)lSgile sl (g 5 hcrg
Jolse S 5l a0l 9,0 dastive s 5l . Cawloaionlo ylis
Jols cod,b ay 595 SKenl asazgily DAl oseolans! e (SS9
i Al sl (V) ddsbae 510550 808 53 (SesSlS

Lya-v- losestars! 2,5 ,» 0 obogyo

alllao 390 (s 350 5B 520 Y
oy SLe Sl sl Wil )S (55 S jleas cadllas (nl o
a3 j50 el olnsl ey Cepsed § CopdlS 55 )5S
Jolss (glaSiis b g 0 cxSo g8 Pe Yo x £eYe x Voo Ll
5 ol oS5 olie b epnd (g jlodnds S'sh Y x Y x O
SSgs G )0 GRedls Ojsmoay SeSLS Jols cd b
3 os=2eS T G @il dde $lm comizen (V) JS—5)
eslial gty Ky Sl Uslen e oS 5 lvdend
5 Sled B Az 0 VIVID ol ol Fan 55 Ayl Jlad g Les
oy pamate 035 Lad glls oyite i el ol B+ ¥4
o Jhw ole 3 Jae 5,0 m ot aledbl g ol YYNY

_ [Na—x]xcEcC \ ol O jgmody 8,3 ol S y5—0 .;';_w‘cg\...‘bco”“‘ ) Jgu—z
T CEChm M
i I
. B
L I . B I
Porosity distribution Permeability distribution in the x and y direction '
B [
N |
L I'. . I
Vertical permentifity diststbution Cation exchange capacity distribution
00 8 yiudS ju (9018 Jalud Cuad Hl g (ol gl 5 (JAIAT a5 95 (Sumydan bl ) JSid
Figure 1: Distribution map of porosity, permeability and cation exchange capacity.
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Table 1. Fluid properties of the reservoir.
Parameters Value uUnits
Reservoir temperature 212.5 °F
Reservoir Pressure 5049 PSi
Bubble Point Pressure 1942 PSi
AP’ 23.13 API
Dissolved Gas 437.44 SCf/BBL
Oil Formation VVolume Factor at Ps 1.27 bbl/STB
Qil Viscosity at Ps 1.31 CP
Water Viscosity 0.45 CP
. . b
Oil Density 50.67 73
. b
Water Density 71.15 ]?
Connate Water Saturation 0.15 -

1. API: American Petroleum Institute
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Table 2. Water-oil relative permeability values under high and low salinity conditions.

High-Salinity water injection Low-Salinity water injection

Water relative

Oil relative Oil relative Water relative .
- L . - Water saturation
permeability permeability permeability permeability
0 0.7 0.7 0 0.15
0.065 0.4 0.45 0.05 0.3
0.19 0.175 0.255 0.14 0.5
0.7 0 0.04 0.43 0.85
- - 0 0.49 0.9
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Table 3. Variable cost in net present value calculation.

Economic parameter Value

Cr MM$/well 2
Cpros Cinj MM$/well 2.5
P, $/bbl 60
Fy $/Mscf 3
Ga ™" $/bbl 5
G $/bbl 10
(g $/bbl 8
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Figure 2. Matching laboratory and simulation data for reservoir fluid.
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Figure 3. The impact of well-operating conditions on the net present value.
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Figure 5. The cross plots of training, testing, and total datasets.
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Figure 6. Pareto front of Target parameters using genetic algorithm.
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Figure 7. Comparison of optimal values predicted by the neural network and simulation.
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Table 4. The optimal operating conditions obtained from the multi-objective genetic algorithm.
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Figure 8. The oil recovery factor curves for the base and optimal cases.

(16:0) U o ke 9 340 0 Lot — pmiggemsmmnsy Jw — Olral o w0 igee &3 puiss

YWWO-VFF oo — 315 SLbLL 5 o3l jdems

wedo b s Sy o 0ol saoly  Sldee byl (5jlwding



VWWO-VFF oo — 315 SLbLL 5 o3l jdemee

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

weddo U G Cadls o 5bsjl solz Sldes bl i (s

(1]

(2]

(3]

[4]

5]

(6]

oil produced in the n year
cwini Cost of injecting a barrel of $
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n of a barrel of produced water
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N Number of time Year
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Npro Number of producers Dimensionless
NPV | Net present value $
Gas price $ /Mscf
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cas | Total gas produced in the n
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