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Abbreviation

Definition

C, and C,
dx

dp

Vol. fraction of dispersed phase
Delta
Change in interfacial area
Zeta function
Contact angle
Viscosity
Fuzzy membership function
Density
Interfacial tension
Porosity
Random weights
Inertia weight factor
Cross-section of core
Constant
Acceleration coefficients
Variation in the length of core
Pressure difference
Number of factors
Fitness function
Acceleration of gravity
Energy Gibbs

Interfacial free energy
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Abbreviation Definition Sy

h Height elis )l

k Boltzmann constant Ooide el

K Permeability S pdydaas

L. Characteristic length danie Jsb

n Dispersed phase particles oxiSTys 51 &l )3 slass
N, Capillary number Sge S0
Ny Bond number &b sae

Py Laplace pressure oohY jLas

0 Flow rate s

r Radius eled

S Solubilization capacity/ratio S py Pl Sl b

Scontig Configuration entropy Sleduz o951

t Time ole

ta Dimensionless time S e oo

T Temperature Leo

v Speed e

v Volume o

X Factor of the process Al sl

Y Response of the process a8 b
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- Solution gas drive

- Gas cap drive

- Water drive

- Original Oil In Place

- Enhanced Oil Recovery
- Screening methods
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1- Viscous
2 - Oil-water interfacial tension
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- Gravity

- Bond

- Wet

- Non-wet

- Pores

- Field production life
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Class Examples
Anionic Sulfonates
Cationic Quaternary ammonium organics
Non-ionic Poly-glycoside
Amphoteric Betaine

1- Amphoteric
2 - Head
3- Zwitterionic
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1- Co-surfactant

2- Critical micelle concentration
3- Micelle

4- Colloidal-sized cluster
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1- Monomer
2- Spherical
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1- Cylindrical
2- Lamellar
3- Dispersion
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1- Scopus
2- Spontaneous
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- Equilibrium

- Stability

- Translucency
- Birefringence
- Convergent

- Gibbs

- Le Chatelier
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1- Interfacial free energy
2- Configuration entropy
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2- Monomer
3- Planar oil-water interfacial tension
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- Metastable

- Energy barriers

- Activation energy
- Conversion rate

- Rearrange

- Diffusion

- Convection
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- Mechanical agitation

- Breakdown

- Brownian motion

- Atomic Force Microscopy (AFM)

- Nuclear Magnetic Resonance (NMR)
- Surfactant-to-oil ratio
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1- Transparent
2- Translucent
3- Gravitational stability
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1- Single narrow peak
2- Multiple narrow or broad peak
3- Packing
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1- High energy methods
2- Low energy methods
3- Phase inversion temperature

YA



Sao SYeb (5,lb -0-0-)

oS Sloj B oo ;500 4 sl Jlaly (Seolodge i Ojgots gadgels e gl G
O 3oy o piannns clad Lot 1y 093 (6,000 lod b S 5 pulai) (Seolinoge i oyl
A5l el (S az 5 el bl (Seelinoge i &jgoas amdsalgil Lol oy wsles ol 5
O 00 olzl (65, s gla ) @ o cwSls oy 45wl Sae (GYsb (55ll 6hls (St
Sygpods s (i g DD o] Glime sl g (Colisé s cii-Ol) Gaead gelgil pinsns
S Yok b b e salyil g Caz (6551 dw slml (sl Y KT (6550 Jlade «Jglaio
gy aile) (gamslS 5 (Senludg i la S ee 4 0dd wdg (63 e glas )| el o3Y
bk ol oled skt L ypdsal ©h3 cod a8 £ o)l (Kiey ((Soilinls S
Tr ol S Gz 0)d-0)d el sadsl slajlgile b A Sadge atine K0S,
el gladler slog i 5 Toas Jlosl (2

Sl 4 ygend gl pias S CaSld el atly o Alie (b cond sla g5l
CanSs 5 g oe aS ey Ll Byme 4 s 25w )0 a5 Wsd ol souims JSas i
9 o9 Swslie PH onijlu slizl clale (ol s £55 (L £65) i oS 5 4 (g g0lgsl

oy g gl £ 181 cyiodt Sl (gl T 48 —£-)

Sedimentation g Creaming —\-#-)
Orr Sl cul Sehpile 5 adly sl (2l Glag e T ol

1- Standard unit of thermal energy
2- Applied shear

14



Yo o gl Oy gayw CS o 4 e a5 0gd o obul w0 clale Lol S S
LT gaewsls a5 oo 40) wb 4 b (ail Lo saiils 5l eSS ] gaials ax L)
g Creaming leonssy lecds Cudja a5 005 o (il e atudls 51 o
o5 T wgd JoSad jagl v 5l yieS eauSTy 516 S slul 310545 oo ai5-Lis Sedimentation

YW G S sl onuay (pl olas

Flucculation -Y-%-
saxly ,o (D)3 o3lul Jo (6l md H9W) aemdgel OIS \M Jdods oauay oy
S T agas 0aiSTyy slagiis 5o a5 Sl | (g ily sadls (sams A4S was e Fy S5
5 oaSTy 5B DS il a5 je0 gl BT samdly (g5, a5 Wil o Bl K onuay )

oy (nl b ablie (698 (saxdly (595 Sbml Cuz slaggedsel Jole (lgie 4y oliSS g

Disproportionation 4L Oswald ripening -Y-%-)
ol sl (oole Sl 10 00,5 o 0y (pl Glulan 4 e mle slajl dgase o]
OIF s gmmdaal slml By 5l g Sl 98 b (Jy wites pililiel K0S 53 Ysess
"o F1 s 5SS Sld az iz oloy SBIS Lo yS ewiSTy s 56 s | 5l S o3
sonl Gl Wsd cenl, S, Sh3 g 0T b atugs Jlw S song 5o LT sloJsSUse

00ld Ggw S p polie Cuew 4 SIS (gojladl BF «yge ol e ...)JQ;GA Gl

1- Aggregation
2- van der Waals
3- Universal

4- Difusion

5- Bulk



2 Ogedgal (65lbl 5l sl sgame s T o T (i Pl a5 s 51 ) soliiw] 04 oo

Coalescence —f-#-)

So a0y wiz bogo o) \‘_;)L; Lol SHb Lo wld o mbe phd &S S0 50
) . ) . . Y . ‘
Goye Oeied Cawl (658 S iolas U osuay (pl (g9en 3o ailed o gZlisl 555 (60,8
45 dgdce g 5o OIS Suop el a5 cadl 0,5 mhaw b old Taas Slleg g o] el
Dgs g0 S Gilas ) Cailes 4 i dzeil jo a5 09l OS50 udlgyaily saidle g4y

D] 0iS o pgas 0 1) gmadgel (ol atuSls 4 yomie sl 3 glosl V-) S

- 3 o ® e =
KT DRI LA
( XXI K1 7
.o..o I
o9 o® -.
.o
% Sedlmitatlon 4
n, Al
o -.. .: <
® g o
oy, o
Ow
M Coale%ence '705- Q/O’
O~ Ooo . . .
(=]
°O°°C§> oo ® e @& .. ap
o ° & e P . .
oo OO

DY end gl iainSs Glisee sbrossay Y=Y S

99 901 93U/ g gunnd) 90l 3o S’ 5 T 510 )5 (4,59 o 32 V-
Lol golatdl laacizr 4 azg wwilsy ool slaig; (2l pte slojlne 51 (S

Ngd Dol (glaisS 4y g galgills e (goains JoSis glizl a5 Sged azgi Wl Liwly cul o

1- Disruption
2- Fusion
3- Fluctuation

AR



Bl cnl 5l (Se0pS R axg 8yse g8 eolall pdiamy (B 2L edle &S
ddyp0 s gy el i b Vb gan e b glaan S 5l eolitul el oS 5 (k) (0,5 g0
Slr g 1) o gelgilly See & jg0a sadadgs pls cis a5 Cdpdy lgv oo &S Tya taitens
S8 Dlye 4 (Blise sloan 8 5Sh 0gh B2)55 o 4 0)kgs 35 o eaibelr 4 pls Cdi o)y
B S e s JegdlS b e sl sy nl o Ll londs sleriiy 89008

elodd (2b55l s (Byre Gamdgaly S ge¥ge B CSle Coz a9y

s 3 S 935 —A-)
pdya @l 5l e Cul SL cSgn oo Gl S g plea b () oS
L bB g o)ls alS sl Cogw pl 0gd e asle alS laéy, il b
b I sloygise 0 oI b Sy o b sl slear lgies oo sw ool 5ol (Sijslsen
3,10 aslie L digad 4y Cnd (5 S U’f%ﬂ aS Solas (I b oges colaiwl oY &l o JSlos

el 38 ] i g oS 9,008 9 denSTgie 0 |

ol o as 3¢ oo 4L Transesterification pb 4y ciws ) Jog)l8 ol pow o ReR
5! QT o\ﬂ ey ol b ogd o ools STy LU L jild 5l ool ools jeue oLS )84, locl
L s a0 Ygame) (55615 5 5 (Joplie Ygmna) JSI S, b Jpazmo e g (2
bt GRSy JomadS 5 bl JSC25 sl 89, Slady jualS 65 098 o0 S S (el
albee 5 (S 35S o0 8 ookl 550 carhal Gl ey B Wigd g lazr 008y 5l g 5 w0 o0
DAL st 65581 at3 g slagiés) «BLS slapsds; oasls

ol cusgame VAl o)y Gl mlio o Slold las )5 5, b sesle ol

Ccd s 4 axg L aS wil ol el Wlg oo grie whide 0 oole ol 5l (6,0 e

1- Biodiesel
Yy



ool &= Y ‘b)"*’ 4 el S Cé) @‘)‘i‘ C)'l‘ s ) Jﬁﬁjlf '-‘-JB‘ Gud)ﬁu Oﬁ)é‘jﬁ)

55 S5k 55 e Lo 55 o8 Al oS

Ly gud g0l 550 (558 L3, -4-)
Aoy a1, emdgals e (03l9 VAFY JLu o Schulman ¢ Hoar L oz gly
b3l sty 53 9,8 Gln bl 2T o)l (el cn e B CiliSE gm (558,13, [V -]
Ql.&.iLc)'] 3 Glacgeme ol o jandgols S (5510 ,L8 ;) Cldlae ol cis oloonds clls
i)l 0SS Jelse il Cod (Seitew 5 (Sealinoge s calizee Lyl o sl JLd; a5 o
G LS89 £95 ¢ Cale (600 oo (jammen alie slo il )b (Oldlas ol jo 00,5 0
s 50 00 LSS (s galy Koo oz 5 £95 0 5Lad g by cdile pH el 5 Ol (gl
Ll s o b cwl Gl oSy JJGA Cawd 4 Sliaolesl o] sl as| A0S o gy
GRS (nyeS glls &5 wll (pradsely S (gma¥sed (pasl )l cddllas 0500 s
e 8 g chlize (SlaciliS g (5,5 byt sskie 4 Wl I crmizmen [NV cad xbanir
e Sl Sy b it Ko 0 Cd oleend ubls bl slaan T (giluosly sln oS 5

IVY] 598 o0 438,50 40 (o095

1 ¢y gund g0l ySro Gy dswd —1-4-)
VAYA Jlo yo (A=) JSs) WInSor gosymemd dogemd gl So (ot (2 ot
&) b g sely Ko sl e Jlaz ol 3, (6 lens 9,05 (556 L8, Slalllas ;5 a5 [YY] ol
0uiSTy Sl e5 sy w5 oz laan Conlgl uiprnds Lol slis (53 Ten 45 050

Yy



LY £9) cais g ol (slojls dawg )0 (i) ' ailos 51 Sy &gty (M1 () L Y £95) i jo-o]
IVl oo oo Joass gadgaly Koo 8 &) s JS 45 AV L ¥ £99) Taing Liles 5 (1T
oS 0)Js i T3 et oy (ol im0 i |y gy Sen 5 Sl oo (Al ol
oS slaypd o wbiee s V4 e 5 Vo) Gl Ganndsaly See g5 (g9 il
CliSE g slasSge Wl cii B a5 Jlyo o)l ol B o a5 s i Dl Sl g
St 38 55 5l s I cnl 0 09,5 o Jolme Lo desle e o () 5l (ke 5 o
S el 48518 Gl po VL aneudls Jdoay oS ead JSiS (gedgaly S 51 g i
SolisE g slaJsSge w8 T 5 5 955 0 JSAT i 51 G550 (gl iols S YL slos 9

alo 5B S Gloie 4 i g Ol Glajls 5l Lt sndgoly Sio 51 cdavsio slags)sd )0 ol

[\ ’] °9~’¢5" LS...«»“
oW Biocontinuous
:? Oil phase
&‘ @ Microemulsion phase
[ o B Water phase
Winsor-I Winsor-Ill
W/0 o/w WIO Biocontinuous
@ . I @
@ @ o A e @ &'
0 o%° o " I - 0 6%’ o ;
® ge@ K / 2 @0
@$°0®® O or @QOQQB or &f
@ [ ", - e ©® [ f-
® 0y . B | @ 04
Winsor-II Winsor-1V

[Y¥] Winsor (sacupmis slae » bagygnadgals o gleil A=Y S

1- Middle phase
2- Bicontinuous
3- Phase inversion

Y¥



S 2 Nl 5o ol -¥-4-)
V¥oles ,o a5 el | g iy Ploul Cas el iliSh e wie olsr 5l Kas So
L) Vp ol poe S O ygots (0 L) s 56 gl caols ol .ol oo 1,1 (A-1) 5 (A-))
Gy Bl g0 dgzge CiliSEige ez dy geediely S 5B 50 adl Plovl (Kol gz

Ol 038 iy 5l (Ko 5 )00 (0) (b 1iS b (Soo5 gabal; (8) el 05 s

ol oo a1l (Vo-)) dolee o 1, T Huh (galal, a5 col

_% (A=)
Vs
_W @-1)
Vs
C
_ - Yom
o= 32 (+-Y)

60 S sl abaly ol [YO] 3 o 48,5 Laijs /¥ Jlaie ol C ool Yeomo o] jo a5

b oS ol Laseie SYolae cpl jo Vo] cudl Golo Lo 5 (698 ¢ aloonds Slge glil 51 ey
Syge cnl )3 9 dgbies b pd sl el gmadgely So p3 Ol b s o> ol
SN g9 Ogmdsely o clo slp st jo 2l wales g paad JalS e S
g 4 ol Gaingy S8 50 (i (n)S5 e ge 450 Ay oo Sl 4 Ceul Wl ol Bas
sl logas 5l cils walys 6 iomly rhwon GRS Jyame Ggmdsely oo il 0aSTy
S g (%) SS9 4 Ol (6 Pl Cuns sl jloged (51 513, Slalllas 0 (50,15
JS8) Wgdi oo e S50 5 B Djpeds oS witus (‘;—Z) SS9 4 i (5 pdy Pl

S5 2l ilie Jelge amd 0 7y (S 90 (pl 0,95 p gahal jo A 5,98 (]-)

1- Solubilization ratio

AA



(LSS g SaS £55 ¢S g )0 £55 15,15 556 (6 pdy Plosl lad posd izren g Al

DIV ey g jLed (coliSe o bl o oo § ponedS ale 08,1 g0 (sloygs 9> Lo

3% 63/37 MEAC120XS/TAA,
48.5% 9010 I/H, 48.5% X% NacCi
T T T T T T T
20— —
16~ val -1
= L Solubllization — |
s
E 12 -1
o
= - .
-
8 .
4 ]
o < Lower _ Middle, Upper 1
| Phase '1P|hasar'l Phase .
UD 1 3

2
Salinity, % NaCl

D] 0 51 omb olsie 4 6 s Il sl el by A-Y JSC

£iS eass caz b Wl oyl 0 @iy Mol Coms el a5 col 53 4y a3Y
bl 5 sl ks, ol claslel o Ll LS 4 als s g ypedsely See oo e

Gy (0V-)) dobes 3o a8 0l ooliciasl (Sgis) ooiSTys 56 oy Dol Culils ol &y 6,550

199 50

Vy; -
Sy = dis % 100 1Y-Y)
Veon

wgm 3B e S Vion 4 s gl 9ol Sio j0 0aiSTy 58 e Vgis o] jo oS
S50 a1 aly e 0 1) 0aiSTy 58 6 i Pll ws o sl cpl (Ko O jle 4 o]

S o0

\id



Ogrd golg S0 (538 L8 o liso Jolge 30 -¥-4-)
Szl a5 conl S5 @ 0¥ gl e Bl byl cnl Gl (S 56 gy p 4 aslsl o
Pl oa gio oS5 S g 5l SiliSEyee Jold Cend pl Sla i 5o e gels S
s 315 S g plS i S g pem 55 O TAA USH g5 5l CiliSh, gur KaS MEACOXS
w3k Dglite (gl galy S szl K00 elgil slp Slts 2y Conl (Soe ot j5b 4 i

D] el oas o Ll lacugls ay 095 (l> o a5

i 95 il V- ¥4

GRS Geied 5 e 555 ibies Rl Silesyl LS s oS WSie
3 Selegyl GlaS 3 cuns a5 Ll 0 cmmes (Vem) JS2) wiboe pmalS (xbaw
TS S5 e ple ol S gyed Sy wl gl Ch S5
2050 ¥ e 9 T ) 55 gl Sie

3% 63/37 MEAC,,0XS/TAA
48.5% X% NaCl, 48,5% Oil

|

E e
S -
5 wad
@
=
=
-]
[
o
[7]
5
[
-]
Q
o
= E
g g
€ L

"3 7 2 3 a 5

Salinitv. % NaCl

D] s 636,18, 5 e g4 36 em) YU

1- tert-Amyl
2- Phase inversion

Yy



CliSS ygmim SoS £ 45 il ~Y-F-4-1
b Dol il 4 SaS anleie Lyl | colel 8 g0 laoliSs g SaS

Sl Gl cel ol Josdse (s b Sl pitann 5955 SS9 oSS 9
il Gl el Yo JiUse 59 b sladSil 5 wo Soe Of B e EiliSE g
059 Rl e oo rals Ol 5B e ) (6 pdy Plowl a8 b0 1ais 5 o i 5 50 oliSS g
5 aa3 e B YL polie 4 Iy b )90 (TBA & TAA 51 (1\-) Js) JSII JsSUge

B2 o Gl aie (5590 yo |y (s (LS e

3% 63/37 MEAC,,0XS/Cosolvent
48.5% 90/10 I/H, 48.5% X% NaCl

£ 10-1:_ Q\\
£ - N
] ~ N
E R
L \ /\/‘ p
g Q e
2 10 Nt .
g - ,‘h\ /9/
ﬁ - \ f b &
- L & R
d ‘\/

- TBA
Vo
s 107 TAA !
T E .
- ﬁ \

F e}

T |

(=]
-
Xy
w
E=N

Salinity, % NacCl

(V] i (5358 ,L8, o JSI JoSge (459 s 50 NN Sl
Lo il —¥-F-4-)
5 Pawim oS Giolidl cel Lo ioll ccwl aseie VY-) S 5l aS aigS Lo
€9 5l Hommdgly S (518 (555,50 el Wilgi po Lod il 8l 155 00,5 o iy (550 (pizren

Al ogSae & jgods K08 (S n sl

1- tert-Butyl
YA



3% 63/37 MEACI20XS/TAA,
48.5% 90/10 I/H, 48.6% X% NaCl

10 | —
L ) o |
L P" _/ wos Omo
e v sos Omw
C -
Jyze L 160°F
¥ I /oo .
£ .
: E
o 1 2 3 1 3 [
Salinity, % NaCl

D] a3 518, 5 Les 36 Y=Y Sl

SRR QNN S
s xRS Rl s A opd GRS Sel B Y Glapn ea>
S8 cul (g8 b g slags jeam 0 il e e Bl Joa i (ul 09d o

W35 Y g5 g gely e 51 psd Sl WIS e plogg e (VT4

3% 63/37 MEAC,,0XS/TAA
48.5% 90/10 /H, 48.5% X% TDS

10t
5 b~
g 10
HE-
-3 -
a
s Nacl, ¢

e
L x NaCl only
R Q
- A\
- r kS
- 1 1 1 1 1 1
% 1 2 3

Salinity, % Total Dissolved Solids

DN 0T 36,18, s a5 byl ¥ claysy ppim il IW-) S

1- Compatibility
Y4



oSS gm0 £95 il —O-F-a-)
St 3555 oo Ol oSS jgm 95 a4 s (56 58, ai p g Jalse

SR OB g sl ala SLS S 0 SasS sy Uk (RS gyen oy Jsb ol
@5 (S g oy Jsb RIBIL &5 was e plas VE) USS (L job 4 laasls

DNV aily o 2lS oxbans s GRS g 4t (59 )Y

3% 83/37 MEACNOXS/TAA
48,5% 90/10 I/H, 48.5% X% NaCl

112°F t

Interfacial Tension, dynes/cm

i 1 L 1 1 1
2 3 4 &§ 6 7 8 9 10
Salinity, % NaCl

V] s (508 8, 5y iS85 alliis b 36 0F-) JSCi
HLd ol -F-Y-1-)
S A2 O e 556 L8, jlad S0 ol LS, 1 (S Dlides mls
= 5 S3B GF S Lol Zal (See JL1S (Ll K00 (sgms Sl Al (lome S (s5ime i)

Iy#] 30,5 Ay (590 oS

1- Live oil



youdy 40938 G -V-Y-1-)
Ol Gl 4y azgi b (Jg 05 Az g 0550 a3 L8, el jpdam 55 ol o
cubloy obosl slaghy, 5o ol Giwgn Hpa> 5 5wy Sl 29l 2L Gl e esls
S8 a0 0 )8 36 o iy 1) a5 &S (L p0 o)y (b (REST eSS (oS
JSG cpl po a8l S8 4 w3V sl s (518 L8, sedy o8 236 4 bgype 10-)
CO-610 oL 4 frro SiliSd 0w £58 o 5l Gl goly Soo gV 50,8 50 CiliSSj5m oS 5

DIV el iy o, 9356 4o ooy soliiuw] ciliSs g 5 gl a5 ol

o | h//
2"3& //{v“ﬁi;&t‘,
AR

li

& a to
Salt Concentration, % NaCl

Interfaclal Tenslon, dynes/cm

0.001
2 v2

D] s (636,18, 5 yonly 3l NB-Y S

Ogmd golg 5o 51 dlmudls 5 (59 51,5 —1+-)
AV loas o polia b Ol 6951,5 b 4 jepn polie 5l wilgs s by gand galg S (59515
E5 5l 05 atine oS Caal ndgaly S JliSle conl S50 o cnl 5o azsl les s
s b O (glgimre Loyl i 10 a5 amo o lid V1) S ol je-cds b cl i om0l
ol Glyme Gl b bulyd b po el (Gl jom i (gl galy Seo) Vg9 g sl Koo

VoE$ Ogedoely, Ko g 020 2,5 5B (555,50 &5 ol B owbioe Sl staew 5955

AR



ShlS 4 i Ol lgizme Gl Il cnl )0 45 05l (Cdi-jo-0l £53 (gl ey )
Wl oo o5 LSS g S5 jpa2 (LB (i )3 0ud rlae Con Az gi b ogdi e 59515
975 RBP4 mie ailgioe i eyl 393l rdzmen 205 s (5915 et el
D9l Ggaamdgaly So pitnns
S AT olen ool MY B /A o Ygons oliliSE gur oS 5 el gu gaiails
SIS g oS g bS8 g €025 9,000 «Sod o Jalds (g goly e (slizl 0l o ey
9,90 ol Gl b awlio ;o ColiSE pu oS § SiliSE o Hpa> duo s a5 ‘_,;gl.?ﬂ 3l
9 (RS 90w Aledls polie odgazte )3 (ygmdgal Alenils 4zt o enl 22U Lo (255,000

30
S/
L B
0T«
g ot —AE
JEIEEN
K
& 5——3"1" N %
3

(1)
~ [~
M~
~
<
RN
1

/,

|
0 0 20 3 40 S0 60 70 80 930 100
% Water

A = Qil-external slug
H = Qil-external solution
B = Water-external emulsion
SC = Salt-containing micellar solution
1= Inversion point between oil- and water-external slugs

[T O lgioe i U g goly So (59 51,5 i AP=Y S

LT 31 i sl 535l 5 LS 50 11
IS g5 5l el g [YV] aims (o IS5 1, Lo 3 ) a5 i LS e
Sile sloSalKiw Gl oo 1) Lis 10 il 5l a8 nl ladiges (p g me 5l (S okiwn

Ao oo S 1) lpl gl g0 d i 5l e BB e a5 Sl olpl o 6)@.;]
Yy



S5 e pepes Wgdse Glpemd BEE 5 uile Slapiage 4 IS (5l
S oy il a8 Sl 1 50 Jhw 0lyz bl 0gdice 35 Ko gl ye Sl godes >
O3 5 Jlw Olyz oS S8 Iy Sl (08 Sl SVLws e s (] S 4 SIS
S 4 e yile jl ol a5 05800 atiy slaisSa (ilre (nl 5o Jlw Lz SYolee ol
Gilie Jalse 4 il cnl 51 adg IYAD aiS o 08 1o laoly o @ LT 51 5 058 Jitis
ol G5 0 Copde g o il Gl lSTg5le i g (e (SSenl i gzen sl atunly
S sobas Byl o 5l ail Tyl g5 5l (Swish 5 oS ol Fge olSim il nl
boxe o 2z BB \c)'ﬁswiﬁ lag s (LolS il oo LS (5le p3 Gy 5 slaan] )
G mile 48955 pas g b blie SIS 4l o5 Oyl Jdoa) i j5l sgz e Jodsia
& bl g5 5l ilbre nl 21 (Swiss s K0 Bk il g (O lae s (Kiage Lid s
5 omrle (9,0 4 SIS ol 39,9 (s%) Véoségop faL.i')T Wl (0 ] 9w5o¢4& Conss
S Sl s el il cal 5l ads e oy (0T ol Lalee 5 e (o 8 Lnls
gy ade Cuel Wl o aiey (nl jo LSS g 5l 6 2S00 Sl Jloy55 5 b TS
S8 1 5950 5l e gt 5 ayile gy & GBISE 5T 355 4y 5 90,8 T Siage " oS
2L Wl e g Cavga] Con a4 e ple Sl 5 s esmen [¥e oAl wls SLLE

2 LilsS gw 5l GpSo b Sughy e sloSgile s il 1) sog3usgs slsl

- Matrix

- Fracture

- Water wet

- Viscous forces

- Mixed wet

- Oil-wet

- Spontaneous imbibition
- Gravitational forces

- Capillary forces

O 01NN Wi~

AR}



T YN [ T Y VPO E K S PRI E PN W
& ooz i b T R Gl iSemn b TS e Ol aimen g o)l
L] ol 55 Siw g0l
S5 9 Lo lyls L°5*°~° %) o 0 Pl a4 Blael (5 g45 5 ly,ST )55 i
21y 03B 5l S ol s de 3lse [¥Y] aitie Cougocdl Caon 4 (Swish 5 Cundy s g YU
adel 0gs a5 ok samd e )18 T ctls p sbssl g s adgs Bl 5l sauzey ojle st
S (O3Pee Jlad ces pshate 4 5 L T Gy BT 0) agl g (e d9 jlad S )
D] el e caals s sbssl il la g, 5 g ymSo e diojld odsi gl 5 ol wal 5L
Llys a5 wble g ool wsle (e oo 0 a5 Sgmdgely, o 32,5 (sl yd iz jo
Sealindga i (5)lnl porie) Conl aiiS e Gl (g)lul el Sl s Seslige
ol ol Garwgi «S955 (sAlle, (2iulejl iy gadge ail LiSal, Wiy o (Ggmmdgaly S
GFoe) iz oS 5 b e gely Ko S5 0 Shas 0Ll 5 (ilwaatiin ygsYge,d b
» aleyS oS o cis el sbajl jskaieay (059 00 52 (loie 4 G Jmol

el (o, Szl (g4 ,0 YO) (55 sleo

Jodlouin lauzxo o gy wliio 50 J pdow Oladllao —1Y-)
03 Glu S b glavk sl lw | el Jodee e jo0 coojp) o jo ci
Sl (JEdsie e o dilie oleowd 5 (Sod slbanl s oile o g anlllas .ol saus S

SaS Jodseie e (o ool b5 cdagw @ Wil oo a5 SlaolBaus 51 (o 00,5 oo (938!

1- Ion-pair formation
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3- Uncertainty

Y'Y



3oy U el Yo}.s‘u G \o).&.> obie I Dglaie sl wlbide o obbJuw b il gl )3
Pl sliusgame g iy daJoe ol 5 SO 2 06,8 I3 w0 050 geie sloass>
Ayl 1y lbogs>
ke o Jlis laume 50 a5 sl laanTb (g3l ST daJong Koo (Shag 2 ek
Bl g ool gl gilwesly 9 b Sl daJos pl laca e I a8l o 5las] o 0>
5*@,iwu shls 3B (ABly lama 15 08,5 danlllas Couw 4 ool mhaw 5l ol 3 b el
ojro 50 & ydhow Slisle;l s s lislosl ol ploml (YU Ce oo el Syl L;l.«za‘;‘_,;;l..M.Q.czal.;
SO G, P WA USS (Ui jeb 4 005 wlide ol jo (6 i Sldlas lol cos Wlgs o 50
&3l ST Joog S Sy 50 2l 0y gl ) (Unegsl RSopsed 252 5me) s sl
obolS 0,5 ) cudi 5l (padu vl Sl gadgal (rbav Dglhas Cools 495 o5 wiled o

IVF] el ons )55 o gz 1 ()08 4 55,55 (sl 0583 5l s 5y ynis

N 7

[YF] G5 osmdgel S o i 51 Dol (g5le 1T AV-Y Sl

1- Pore
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3- Heterogeneity
4- Anisotropy
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- Quadratic
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3- Training
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1- Limestone

2- Magnitude

3- Aspect ratio
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4- Bobble
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2- Bond number
3- Macroscopic sweep efficiency
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1 - Pseudo non-newtonian fluid
2- Locally

3- Ternary diagrams

4- Breakdown
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1- Glass bead
2- Mobility
3- Field
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- Local fluid mobility
- Pore-throat

- Characterization

- Pseudo plastic

- Blockage

- Diverting
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1- Semi-miscible

2- Slim tube

3- Centipoise (cp)

4- Breakdown

5- Viscometer

6- Displacement efficiency
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1- Multiscale mechanisms
2- Capillary-driven mobility control
3- Slug

O)



S 2y wbiee Gl el ange sue kil 0 SusSy S gl LIS &S
LVe] ol Callas Jlow Sl 6 pdy S ,20

Sllasy wuds e galy o oS 5 SOl eolawl b Y- VY e o o), 4 Jeirani
3 Cble poobosl cus QT Lgo.oUS wr 9 Sy ol 6B s, sadlhas cpx |, s
Oy pU 4 Sz (055,008 51 S Il epgeage b (sl iaile il 4 lale lag g
o oilesl (Phb bty 5l ased Sile ity gz nizmen isges ol Tall
391 cewdle 3o o bl Culile yy sbasl jo eslatul Cya S 5 oyl ‘_,;J)lf Sl gl wo
IVY] o) plosl @ e slos yo clisley] oles a8

G5 oS a1 (65 5| oad LSS (slasedyaly Sea ¥ IY L 3 ol Sen 5 Dong
A YL jLad Lyls o slaskl .assges Uiyl g oleing s cudle p obosl jelaie 4 |y Sl e
Ogedgal 51 ols lis reety ol bl ;) ploul 4 o Ksle gax 0 FO sles § JSLLIK
397 b dulio ;5 6Vl ainls 5 9515 (Sl B8 Jlew nl Sl eolital b oty JiSas
Foml 8 ol MMP) T (il Lad 8o izmen 5 o)l (oSSl (o 39b
S (S 398 Jlw 5l oad LSCAS (gnadgaly S 518 2L 0l el 5550 slaa o cun
IVAL wsl YU Jlew 395

Seogedael 5B (Suiels, els> rSelwl ol S s Humphry (Y-AY Jlo o
Siwtnle sloosie Jodocis fame ;0 1) yerlmCiliSE 5m 5 jerlm CiliSE gL slansy] 3
SlaiseTo Il b 1y 0T ulis 5 wiogas JUs o5ke 53 (5dkems slagialejl 51 (850 b Berea

BB Sl gonanylas boamil b, wioges dslie yieg, sloolKiws dawgi (s5slst, sl

1- Favorable

2- Palm oil

3- Minimum miscibility pressure
4- Rheometer
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1- Dynamic capillary network
2- History matching

3- Ultimate recovery

4- Blockage-release

5- Local capillary number
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1- Soil remedition
2- Drug delivery
3- Micerllar
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- Alkaline-surfactant-polymer
- Surrogate

- Polynomial

- Kriging

- Radial basis

- Weighted average
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1- Net present value
2- Streamline simulation
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Order Trade name Chemical name Type Company/Country Purity (%)
1 Behdamin T Triethanolamine Lauryl Ether Sulfate Anionic Behdash/Iran 30.67
2 Behdaccinate Di Sodium Lauryl Ether Sulfosuccinate Anionic Behdash/Iran 33.20
3 Solphonate Kh Sodium Alkylbenzene Sulfonate Anionic Behdash/Iran 51.83
4 SLES Sodium Lauryl Ether Sulfate Anionic Padideh Sh./Iran 69.70
5 SDS Sodium Dodecyl Sulfate Anionic Merck/Germany 85.00
6 SDBS Sodium Dodecylbenzene Sulphonate Anionic Acros/USA 88.00
7 Triton X100 Octylphenol Ethoxylate Cationic Merck/Germany 99.00
8 Dicationic Dicationic Gemini Gemini cationic Novinchem/Iran 50.00
9 APG 0814 Alkyl polyglycoside Nonionic Spec-Chem/China 51.32
10 Behdamid D Coconut Diethanolamide Nonionic Behdash/Iran 84.27
11 Span 20 Sorbitan Monooleate 20 Nonionic Kimia/Iran 99.00
12 Span 80 Sorbitan Monooleate 80 Nonionic Kimia/Iran 99.00
13 Tween 80 Polysorbate 80 Nonionic Kimiagaran E./Iran 97.00
14 Behdaeen Coco Amido Propil Betaine Amphoteric Behdash/Iran 30.00
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Order Name Classification Company/Country Assay %)
1 N-Heptane Hydrocarbon Merck/Germany >99.0
2 N-Decane Hydrocarbon Dacjung /South Koria >99.5
3 1-Propanol Alcohol Merck/Germany >99.0
4 2-Propanol Alcohol Riedel Dehaen/Germany >99.5
5 1-Butanol Alcohol Merck/Germany >99.5
6 2-Butanol Alcohol Merck/Germany >99.0
7 NaCl Salt Merck/Germany >99.0
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Parameter Unit Condition Value

Viscosity cp 40 °C 4.0733

Density g/em’ 40 °C 0.8601
Flash point °C - 171

Palmitic acid (C16:0) % - 34.84
Palmitoleic acid (C16:1) % - 0.22
Stearic acid (C18:0) % - 3.66
Oleic acid (C18:1) % - 40.55
Linoleic acid (C18:2) % - 13.23
Linolenic acid (C18:3) % - 0.51
Cis-linolenic acid (C18:3c) % - 0.04
Nonadecanoic acid (C19:0) % - 5.81
Other components % - 1.14
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Component Boiling Weight Molecular Mole
temperature (°C) fraction (%) weight (g) fraction (%)

C2 - 0.0700 30 0.4326
C3 - 0.4200 44 1.7697
iC4 - 0.3000 58 0.9590
nC4 - 0.9500 58 3.0367
iC5 - 1.0400 72 2.6780
nC5 - 1.7500 72 4.5062
Co6 36.1-68.7 2.0000 83 4.4431
C7 68.7-98.4 0.9800 94 13.8140
C8 98.4-125.7 2.5700 108 4.4034
C9 125.7-150.8 4.3700 119 6.8301
C10 150.8-174.1 4.4400 132 6.2362
Cl1 174.1-195.9 4.5200 145 5.7621
Cl2+ >195.9 70.5900 290 45.1289
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1- Water oil ratio
2- Oven
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Mixing method Mixing time RPM' Emulsion type Ref.
Rotospin mixer 24 hour 3.5 Microemulsion  [135]
Hand shaking 1-2 min - Microemulsion  [136]
Homogenizer 3 30000 Macroemulsion  [137]
Rectangular paddle stirring 10 750 Macroemulsion  [138]
Ultrasonic - - Macroemulsion  [138]
Six-blade turbine stirring 10 3600 Macroemulsion  [139]
Ultra Turrax 1 8000 Macroemulsion  [140]
Magnetic stirring 15 - Macroemulsion — [141]
Rotator 90 Macroemulsion  [142]

Vortex - Macroemulsion  [143]

I .
Round per minutes
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Variable ;;;fe ggﬁ) Salinity (%)  Hydrocarbon CSR! xe‘i‘ﬁgﬁ (OE)
SDBS 10000 0,05, 1,1.52 c7 C41(05)  Rotarymixer 25
SDBS 10000 0,0.5,1,1.52 C10 C41(05)  Rotary mixer 25
Mixing SDBS 10000 0,0.5,1,1.5,2 Crude oil C41 (0.5) Rotary mixer 25
method  SDBS 10000 0,05, 1,1.5.2 C7 C41(0.5)  Hand shaking  75(=5)
SDS 10000 0,05, 1,1.52 c7 C41(0.5)  Hand shaking  75(+5)
SDBS 1000  0,0.5, 1,152 7 C41(0.5)  Hand shaking  75(+5)

' CSR=co-surfactant to surfactant ratio, C41=1-Butanol
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Variable %‘;;fe Surf. Cons. (ppm)  Salinity (%) CSR ﬁi‘ﬁgﬁ (OTC)
SDS 1000, 5000, 10000 0 0 Rotary mixer 35

Surf. SDBS 1000, 5000, 10000 0 0 Rotary mixer 35
Type& SLES 1000, 5000, 10000 0 0 Rotary mixer 35
conc. Triton 1000, 5000, 10000 0 0 Rotary mixer 35
APG 1000, 5000, 10000 0 0 Rotary mixer 35

SDBS 10000 0,0.5,1,1.5.2 0 Rotary mixer 20

T& APG 10000 0,0.5,1,1.52 0 Rotary mixer 20
Surf. SDBS:APG(1:1) 10000 0,0.5,1,1.5,2 0 Rotary mixer 20
Mix. APG 10000 0,0.5,1,1.5,2 0 Rotary mixer 35
SDBS 10000 0,0.5,1,1.52 0 Rotary mixer 35

SDBS 10000 0.5 C31(0.5) Rotary mixer 20

SDBS 10000 0.5 C32(0.5) Rotary mixer 20

Alcohol SDBS 10000 0.5 C41 (0.5) Rotary mixer 20
SDBS 10000 0.5 C42 (0.5) Rotary mixer 20

SDBS 10000 0,0.5,1,1.52 C32(0.5) Rotary mixer 35

SDBS 10000 0,0.5,1,1.52 C41(0.5) Rotary mixer 35

CSR SDBS 10000 0,0.5,1,1.52 C41(0.5) Rotary mixer 35
SDBS 10000 0,0.5,1,1.5,2 C41 (2) Rotary mixer 35
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1- Rotary mixer
2- Total dissolved solids
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Factor Code Unit Symbol/Abb. Lo.w LOW. Center nglf Hligh

axial factorial factorial  axial

Log (surf. Conc.) A  (wt%) Cps 0.00 0.25 0.50 0.75 1.00

Salinity B (wt%) S 0.0 2.5 5.0 7.5 10.0
Co-solvent content C  (v%) Ceen 0 5 10 15 20
a=oil/(oil+water) D  (v%) o 10 20 30 40 50
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Length Diameter Porosity  Air permeability Swi

()
Core name (mm) (mm) (%) (md) (%)
C1 75.08 38.57 12.64 0.57 12.10
Cc2 92.35 38.54 6.84 0.22 15.14
C3 72.44 38.35 15.70 0.87 17.04
s slaioles]l SYLw Lolgs Ne-Y Jous
. Basic Salt Salinity Viscosity o
Fluid fluid (%) ep@isc AP0
Formation water Distillated water NaCl 20.0 0.469 -
Sea water Distillated water NaCl 4.2 0.424 -
Crude oil - - - 4.400 31
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1- Core holder

2- Vacuum unit

3- Pore volume

4- Irreducible water saturation
5- Aging
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1- Restore

2- Water invaded zone
3- Amott cell

4- Residual oil saturation
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1- Treatment
2- Vibration free
3- Low-band axisymmetric drop shape analysis
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1- Overburden pressure
2- Scenario
3- Oil cut
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Pattern tvpe Dimensions Average depth Porosity Permeability Aspect Coordination
yp (mm?) (num) (%) (mm?) ratio number
Heterogeneous 60x60 60+10 50 6.25x107 1.6-6 2-6

1- Aspect ratio
2- Coordination number
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1- Breakthrough time
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- Case study

- Triglyceride

- Alkyl poly glycoside (APG)
- Glyceryl monooleate

- Chemical efficiency

- Recovry factor (%)
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Parameter Type Symbol/Abb. Min Max Average Standard

deviation
Surfactant conc. (wWt%) Input Capc 0.5 2.0 1.25 0.56
Salinity (wt%) Input S 1 12 6.20 3.98
Co-surfactant conc. (wt%) Input Com 0.5 4.0 2.25 1.15
Water content (wt%) Input w 82 98 90.30 4.18
Interfacial tension (mN/m)  Output IFT 0.0002 112530  0.58 1.97
Chemical efficiency (%) Output RF 5.68 41.81 11.92 5.57
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Standard
Parameter Symbol/Abb. Min Max  Average
deviation
Solubiliztion capacity (%) SC 2.5 12.86 6.62 2.65
Cost of chemicals ($/bbl) CoMP 5.55 16.50 9.86 2.64
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. Case study 1 Case study 2
Chemical Name Cost Name Cost
Surfactant Alkyl polyglicosides 1.6 $/L Tween 80 3$/L

Co-surfactant  Glyceryl monooleate 2.0 $/Kg - -
Co-solvent - - Ethanol 0.62 $/L
Oleic phase Palm Kernel Oil 1.2 $/L Biodiesel 0.94 $/L
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1- Mean absolute percentage error
2- Symmetric MAPE

3- Root mean square error

4- Iteration
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Run Factors Response
g D B cww P solibilisation
(wt%) (%) ' (V%) capacity
1 0.25 7.5 15 40 9.375
2 0.25 7.5 15 20 5.156
3 0.50 5.0 10 30 5.714
4 0.25 2.5 5 20 3.281
5 0.50 5.0 10 30 6.071
6 0.25 2.5 15 20 6.094
7 0.50 5.0 0 30 2.500
8 0.25 7.5 5 40 4.167
9 0.75 2.5 15 40 10.833
10 0.75 7.5 5 20 8.008
11 0.50 5.0 10 10 5.417
12 0.75 2.5 5 40 5.208
13 0.50 0.0 10 30 4.286
14 0.50 5.0 10 30 5.714
15 0.50 5.0 10 30 5.893
16 0.75 7.5 5 40 6.250
17 0.50 10.0 10 30 5.357
18 0.00 5.0 10 30 4.500
19 0.75 7.5 15 40 10.833
20 0.75 2.5 15 20 7.813
21 0.50 5.0 20 30 10.714
22 0.75 2.5 5 20 5.938
23 0.50 5.0 10 30 6.071
24 0.25 2.5 15 40 8.958
25 0.25 7.5 5 20 3.125
26 0.50 5.0 10 50 8.750
27 0.25 2.5 5 40 3.125
28 0.50 5.0 10 30 5.714
29 0.75 7.5 15 20 10.938
30 1.00 5.0 10 30 12.857
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Statistical results Central composite design

Model F value 46.41

Model prob>F <0.0001
Lack of fit F value 17.54

Lack of fit prob>F 0.0026
R-squared 0.966
Adjusted R-squared 0.945
Predicted R-squared 0.877
CV% 9.54

Adequate precision 23.414
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1- Entropy of mixing term
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Aqueous phase (60%) Oleic phase (40%) Response
Tween 80 (Wt%)  NaCl (wt%)  Ethanol (v%)  Biodiesel (v%) spred - geont
5.62 4.2 15 85 11.296 10.625
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1- Optical properties
2- Gravitational forces
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Porosity A.verage Reference
Sample (%) p?rtlcle/throat
diameter (nm)
Microemulsion - 56 [160]
Asmari carbonates, Iran 2-14 1x10°-30x10° [161]
Tight carbonate, Sichuan Basin, China (Type I) 1.3 126-320 [162]
Tight carbonate, Sichuan Basin, China (Type II) 0.8-1.7 20-126 [162]
Tight carbonate, Sichuan Basin, China (Type III) <0.8 <20 [162]
Middle Eastern carbonate 47.0 > 253 [163]
Tight sandstone, Ordos Basin, China 7.0-13.1 >200 [164]
Berea sandstone 23.0 28x10° [165]
Middle Eastern limestone 16.0-23.6 26x10°-44x10° [166]
Vuggy carbonate, Bohai Basin, China 6.9 20x10° [167]
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1- Rock type

2- Tight reservoirs
3- Flocculation

4- Phase segregation
5- Double layer
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1- Isotropy

2- Homogenity

3- Dark

4- Refractive index
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1- Anisotropic
2- Birefrengence
3- Lamellar
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3- No-flow boundary
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Output Process Parameter Value
MAPE (%) 0.8382

Training SMAPE (%) 0.8347

Ln(S) RMSE 0.0091
MAPE (%) 1.2493

Generalization SMAPE (%) 1.3437

RMSE 0.0099

MAPE (%) 0.0448

Training SMAPE (%) 0.0448

RF RMSE 0.0401
MAPE (%) 0.0373

Generalization SMAPE (%) 0.0373

RMSE 0.0369
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Statistical results Ln(S) CE
Model F value 139 1949.15
Model prob>F <0.0001 <0.0001

R-squared 0.9823 0.9987
Adjusted R-squared 0.9753 0.9982
Predicted R-squared 0.9643 0.9974

CV% 8.36 1.14
Adequate precision 44.147 132.698

iadloads &1L (A-F) 9 (V-F) S¥olee ;0 Bus &b g0

In(S) = —17.17441 + 7.70181 X Cape + 0.11965 X S — 5.25252 X Cgp +
0.43211 X W + 0.013832 X Cypg X S + 0.21979 X Cypg X Can +
0.031156 X Cypg X W + 0.048413 X S X Cgpy — 3.45166 X 1073 X S X

W + 0.060503 X Cgp X W — 5.03474 X C2pg + 5.47495 x 1073 x S2 +
0.024399 X C%, — 3.16947 x 1073 x W?2

CE = +321.27378 + 13.73704 X Cypg + 0.11330 X S + 9.93377 X

Com — 8.07206 X W + 0.014315 X Cyp X S + 0.31434 X Cypg X Copg —
0.14690 X Cypg X W + 0.010427 X S X Cpopy — 829430 X 1073 X S X W —
0.13499 X Cgpy X W — 1.06852 X C2p. — 6.10686 x 1073 x S +

0.15852 X CZ, + 0.051804 x W2
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Control variables Responses
Methodology
Capg (Wt%) S (wt%) Cem (Wt%) W (wt%) IFT (mN/m) CE (%)
PSO-FL: IFT&CE 1.04 4.2 2.93 94 6.16x10™ 13.49
RSM: IFT&CE 1.06 4.2 3.12 94 4.01x10™* 13.18
PSO: IFT 1.13 4.2 3.13 94 3.82x10™ 13.09
PSO: CE 0.88 4.2 1.38 94 1.97x107 16.40
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Statistical results Central composite design
Model F value 39.08
Model prob>F <0.0001
R-squared 0.9598
Adjusted R-squared 0.9353
Predicted R-squared 0.8719
CV% 6.92
Adequate precision 22.424

YA/ A e @ ol prob>F g Fvalue |5 cul Jow oglhe (o5ln S5le Jsoz ol gl

Sl e a0 19/ liwebl 0> L Joe wiS o L3I a5 ol ailre ofe 0 ) 5l eSS
Gap b g0 iy a4 (Vo-F) 5 (A-F) SVolee el Cewsas /AYOY L, Rczldj UV
PSO-FL sadansix (sjlwaings ool j0 ooliiwl (sl sanl cuvsas golaidl g 5 slagwl

agled o @91, 1,

SC = +4.36554 — 2.05650 X Cps + 0.26300 X S — 0.19228 X Cpepp —
0.17319 X a + 0.58720 X Cps X S — 0.18855 X Cps X o + 0.014500 X )
Coen X o+ 11.31933 X Cps? — 0.041087 x S2 + 7.58333 x 1073 x

Ceen +3.08708 x 1073 x o?

CoMP = +8.95501 — 0.88630 X Cps + 0.10864 x S — 0.037605 X Cg¢p, —

0.14921 X a + 0.81797 X Cps X S — 0.29422 X A X o + 9.17982 X )
1073 X Cgpp X o + 12.41793 X Cps? — 0.033243 X S2 + 5.32396 X

1073 X Cpep® +1.94732 x 1073 x o?

RN



adodwis gjlwaiags -Y-Y-Y-¥
Sz iluding sl 4 Bos @y (s 4 ond 03ld dnng ped a0 iy
Cawddy golaidl g 8 sbhacs e 28,5 laio b aigy polie U wiul 4ds5 PSO-FL
YITA gome o 56 az gl aeo o (L 1) Gomd ol Soe aiage gma¥se 8 A-F Jaz o]
2o, MPIVY (sgizme T 5B L o 0157 (59 2o 0 FIV (il (690 b ol yam (59 a0
LSS o o55,5b4 s bgla Sl oz ays VWY 5 i) Juos)lS (oo
(h,-cd) Vg5 Gamadsaly Son Jpame il (aoyo T plpal Fofe) Jlg of gl
N Y 55 ol cale auje g ook 0asSTy ol 5B 0 JT 56 as,s AFA T 0 a5 0g salgs

RUIWH LGRSy

Y 59590 axlllas )0 Gy (pyie 9 sedaelySee 55 a3 oSl aigy polie A-F Jguo

Control variables Responses
Methodology
Cps (Wt%) S (Wt%) Ceen (V90) a (v%) SC (%) CoMP ($/bbl)
PSO-FL: SC&CoMP 3.48 4.2 13.27 40.00 8.69 9.93
PSO:SC 5.62 4.2 15.00 40.00 11.30 12.18
PSO:CoMP 1.78 4.2 5.00 30.71 3.16 6.59
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Abstract

One of the main challenges of chemical enhanced oil recovery processes is the
thermal stability of surfactant slug, especially in carbonate reservoirs due to their high
temperature. The main idea behind this dissertation was the presentation of a suitable
solution based on the concept of thermodynamic stability of microemulsions. For this
purpose, four series of experiments were conducted to find the optimum microemulsion
at reservoir temperature through the screening of chemicals and evaluation of the
effective factors. The best formulation contained polysorbate 80 as surfactant, NaCl as
salt, ethanol as co-solvent and biodiesel (for the first time) as hydrocarbon source of the
mixture. Thereafter, optimized microemulsion was characterized in terms of particle
size distribution, zeta potential, electric conductivity, surface tension, interfacial tension,
and viscosity. Finally, oil recovery tests were conducted to examine the potential of
optimum formulation for CEOR purpose in carbonates. They were spontaneous
imbibition, contact angle, core-flood and microvisual tests. Experiments of different
stages were carried out at elevated temperature (75°C). The results of this experimental
study illustrated the efficacy of proposed formulation to increase oil recovery factor of
carbonate formations because initial calcite wettability (6=109°) was altered toward
water-wet status (0=57°). Moreover, oil recovery was increased 20.0% in fractured and
6.4% in conventional carbonate rocks. The second part of the dissertation presented a
new hybrid algorithm for the multi-objective optimization of CEOR methods. Two case
studies of microemulsion injection were assessed. The algorithm comprised two main
stages: first, response surface methodology (RSM) and artificial neural networks were
employed to find objective functions whereby mathematical relationships were
established between inputs and corresponding outputs of the process. Particle swarm
optimization and fuzzy logic were coupled in the next stage of the algorithm for multi-
attribute optimization of the process. The results of this part indicated the efficacy of
proposed workflow for multi-purpose decision making of CEOR field implementation.
Keywords: Chemical enhanced oil recovery, Microemulsion, Biodiesel, Carbonate

fractured reservoirs, Multi-objective optimization, Artificial intelligence.
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