Gl U e 3600 31 iadioligd (390w 1 eslisiw! b cllls o oL o)

(6}5)“’ oli.i’.g.l,aﬂ 9 ‘59L\.A‘.u) e o)|o| REINC RV SEY d.]aL.A L_,;Lca J).w) §do>| dazxo
Ahmadi.put88@gmail.com

(u)lyu L5’b))‘ o)‘.)‘ «Dga> ),ou.xu dblM Gln J]w) ‘5)&5 o
Al - -
Mosayyeb.Kamari@gmail.com

oS

D)9 ,olOlnl @ erer SE O dhex DLSs (il bues (b adg Al e GLL 4 (RBS035 4 Az gl
Oleie 4 Caadigh (J5dlew® alldS dad g0 ;0 gd oo (wle! i 5l oo s ol slo oy, syl g o)y
s el i3 Ol slagm Chle 5 608 siluan O sloe a5 Cenl 0ad (yma cutlsy Sbojl sl e 55,
Lol ool 28 )5 )3 C Cantio azgi 950 s cDshly slado 5 (2RLe3T Glaguy 55 T az g BB 0,Slas 5 o5
39 3,18 (g 500 S Olalllas slowl 4y 5La g el s liil o] 51 565065 slvaca 5o (g, ol (ogds 4 azg b
5 S 15 5] (gl S oo aslllaedy; LI slapilSe (5, lioes o5 alSils iz ogdle o3l slo Lo
Alosls sl griwy Slawe 5 2EKislejl Dldlace s55)53SS cpl 4 obicwws jshaie 4
s aalllas (nl o a5 o5 92y O leaned (SisSz 5 0,es dapillle wiadisacl 5580, hlize SVl
ol el sl (55lel 5 05le Jlgan 1) 09290 sla lle 5l (B Wilgs oo 9,509, Gl t09d 0ls Gl Ll @y Cenl on
w3y oF Gilwand Sl 5 Go9; nl Gl 05 Az )b & rizmen (Bl al o Bl 5588 (noles 5o g,

W PR W

goulS Slols

9 JoLS (( SWigd i s Wly,S 3 (ol g5 b ol Wiedigd 53 s ol )


mailto:Ahmadi.put88@gmail.com
mailto:Ahmadi.put88@gmail.com
mailto:Mosayyeb.Kamari@gmail.com
http://www.sid.ir

doudio )
50 okl el cppd Ol G,y aS ol las Yé)l}).g Al ol olgries VAPV Jle o ‘\WS oo b ol G,y bl
LRy \“C)l_stz..x_? GBI YA Jlo 0 aSul B ecd 55 1,8 axgs 0550 il 4o au,las ol o) cage gl 4 5 0,
slaglo jo [V ]ogi oo (Sow dmle sldojie 5l poa A po j0 codls p obojl el o (5,90 b Ol 3,5 a5 ol (ylis
oz lcwl ool oole lis V Jgaz 0 a5 Wo,S molae |y g, ol o Sles 5l savas sy laase (g0 4 o
. . . ) o =y . . f .
3 o kulyd 05 ol B e YooV g Ve f oo o e 5 SY 559 Ve o0 Jlo o ) en 5 g B
YooV o yo o Kee g SY GBI imen .[AB\]xalo S8 anl 0,50 1y ol 0,8kee g Sb,l 1y Uiy ol ool
7 S8l gy Gl Lasgin e 5 255 ol o3ie siges Y shasd (s, siny ol slinn 7 1y (sipdlem SLilos]
[V]as ol 0 Shoae lacsbl ;o ol (pl a5 30,5 85l ao o VF
Llod &y g ol ool Byme oiils s obojl sl 550 g, Glere 4 05 )5 b ol Bay5 Ly, &5 Gl dro wiz sga>
Slop e St (Jl ol b bl ool a8 3 15 o g aBails (pdbze &Me 5550 o] 090 o5l 5 09 o
g_:L> a4 wﬁ) w‘ 5)1.3)») aJlaso 6)&9.“7 Slaws s).»_>‘ C’,‘LQJL» o o] 0 43|)| wj) w‘ 6‘f G@SLM o5 9 s_JBLD.».A
9 Lbuy &) 9 cdale sJL....u 9 S g_)L...oﬁ.»a} uu.n.: d.l.o.‘> )l)..\.‘\oolo )‘)3 R O ‘) U—l )‘ (_éd...?m oL:.J FLIGW 0w y
)l J..J)L& )55..\.41 ASJ)}D uy‘}w (RN fdéﬁ)ls 9 uja)ﬁ.i.u uy‘}m ] J‘}w Ao g0 lJ 0)9.‘;).3 ‘ul.a..m Q”‘ 6[.....0(

STOWWESICON. IV

fastd (LaSG (38, S O 08 (6)9d b ol 52,5 5 atedign O U3, LT -

SatelaS o5 (6555 b ol Gy gy slopiille -

fasslas
Sk 38kes 55y S iz g Cd SleS 5 o ol g Wil O o sezge S Sl 8k -
§ iz Loty

5l be 58 60,5 oY lswbaes

$og dplgs aigf> ouisl 10 g CelxnS Lis j0u5eleiss (ol g5 ool> -

Sably go SIS g, nl llas (sl oalEtale)] lalllan s LT -

Sz gy rl o 8dee (o) p0 Lot 285 -

fardle e wulS willgs oo by, nl 6ln Sl 4z -

Togl aizlop s g,y ool olul plaS a4y (g lwdcds 4 snli.:;il.oﬂ Sldlas jo Conl gy -

D 0018 Fewly OYI5es ol 4 codliplonl Olalllas bl 1y 04l o (crw anlsl o

ol 69 b T 82555 by (B yme g U ) Jgua

el o Jls

"Low salinity water
’Bernard
*Jadhunandan
*Webb et al.
5Lager et al.
6Recovery factor


http://www.sid.ir

IVV ] et ST a5 B0) B yme 5,6 VasY

[V J68 oh90 b o Gy 8l (e Olailass \aa.

(VW] seis sl 53 3a3) s T 32,55 b (Sigd 5 i 5590 5 Slilaoe AR
VF] S5l ol (555 1 0 09250 i S 5 i 5905 b V247
[VY] s, codbgn 5 o) 5ol o)z 5905 S 1444

0] s 005250 ol DS 5 g ool 5,90 9 b A

(7] Sl e 10 by, ol s Ceridye 5905 Sl Ve
(W]l S slasslo jo Gy, (nl 0 Slae (o) il 5 Sl veev

535 B 51 o (gl T
055 e Vi (559 5 bawgio 5)9% 0F ($155 (Ot B Jlaz & 699 Oliee B 5l Glgie ] o
molaS J o il Vooppm B+ 5l Jlosl > jo Sowdigs Ol (5,00 bl co VPPMl S (5,58 (s1yls (s
L sl (o ganaiws 10 04 so oolituwl Sowels] Of flaie 4 ol bla 5l cam ;0 00+ (65,58 b cow sl

S5 09,5 oV eeeen Oe v PPM 390> 10 5,98 b Lo Of [Flasal b c-Fo - oppm (5,508 Gl)ls o5 (5,90
.JL:) 6)9....4 l) le.@u] Gawd B as "\*"bus" U}JM B ..\}‘5 Yoeoooo 05..\9 )o).u ..\J)Lu: g_j 6)5..» ojjso )‘)3 Ja...uj.uo
[o]s,8 o )18

F Sdigd i Ol st

D98 Crlple oo (e Siw )3 50 llyh S92y 4 by pda | wielige (Sl Cuddse clalllae T s
ol ) oy pee S (Sisd 3 eopmiions 5l 6 b olizel ay ool pibolint T slopilse 5 Swisd 5 g5, Slalllas
63 (5w slageidlanl g lacn;, waas jsba)pls i )0 09250 (ol szl 5l (S (b Qi b el 00gy o]
S9y 1y slos s Slalllas ( wlba S (e jo cublize 5 ool slawio,S valyd s o] Swighy « K zhaw
Sh a5 coge bapslSa¥ v+ Sl 58 syl T GBT losls plol Lo IS msbaws 55, JT olge iz sloppilSa
Lol 00l LIV Jgax ,0 a5 05 ganzex |y 09 00l dasllas

M S5 59, JT slge iz Glapsilke Y Jgu

@i p il 0ulS &8 i I Slgo 09,5
SelS Jols Sesleg,T ail> NHEiL> o yeel
SB35 NS 52,5 o Jese)S doirel
&l b ol SSIOH g5 oS 55 sl
Sy olx] CSIOH (L S M 525" oy
S5 Jobs S 91,5
1
Morrow
2Yildiz
3Tang
4Zhang
>Austad
6Wettalbility Alteration
’Arnarson
-



http://www.sid.ir

(390D Ngm

SHIOH sy, «odS 55, o]

odlgyaily 1S o

Lo JI slaasls

R . e e a . \ =7 . VoL
o ad (Brae e Siw 50 (SNeb S et lp 08l Glge 4 (LU GBI Ly VRN JLo o S5
Iy S5 Jols pruilSe 5Y GBI Y-8 Jlo j0 aSul b wid 55 )18 as gl 950 Sl Sl wdige 0 bopyilse
[V ]as salss osls zogs dalol j3 a5 ols J1)8 axg5 5,50 o5 (5,58 b Ol 5,5 Cpeud

Ub,o}g,;&nf

o5l 55l iz e el oad bl wiadsn M oS SlappilSe 55, 6ol Slalllas (el sla Lo

kel 07y Slalegl 5 wlosguyi glozl @ gl sy Qlaie Seie Lol (Y Jgaz)cesl oad Slerig ook

Sos ol B2,55 580 o JLio @ 555 50 () s9a> 4 bgie  Siwdusle (il 50 Logas 1) oy ool Codge (e
h]*“"bs" %) S Neh S s 01y 3.8,

olig (59w 9 o5 1> (GOl Lap S Y Jgu

Ol il S g9 iz Ju
Oy5

Dol5, Ohd @pales o )0 (SHgby i | Siw aubs 5,90 9SGl | 194

[YY](Ssgs 5 pesIFT ials o] o 50 o PH il | Ko aule T Ses g g S | Yee0

[lgho 4 Jate locts Gud ol o g 59 5 gl G2 Jols5 00,55 oo S Kl g Tyl | Y00

[YFI( S5 5eit) dsbo wiz lopg Jols | Sow ale Oen 55N | Yep

Sy o ilSe ) B, paiiene sl 511, LS S olpe 5 PH aaldl s (nl | Ko aube isess S|
[V]sislo oo ((Saigit 5 unis

S oy ok Slie Sl s g bl el oSt &Y bl | Sew anke T oluYs congs als, -
DAI(Ugloxe

Lo oloer Sppe @ Sz iz legn JolS 5 alFse (dy Sl &Y blal | Kaw anls sy Sa |
[YOl(o,5T s & 1) 2ol ol oiins sla sialo]

sl & Jate glocds pad ol o1 (g 9 9 s Sr SOl 09,95 082 als,s JUICCPICwS .

DAl e 51 i o J>

4 Olgee Neataiload o, 35 L 5 48,5 13 anl 5,90 85 5 wloaile Bb and b 0> 10 sl onl 5l (5 boms

3, kb..m L o) g B g 0adline 055 alisle;l lallas jo 1) ol (pubitzma 5l oam a5 0,5 o)Ll Lwy &l,3 & y>lee
i g od Ligele Olaiitans &L \GHBJ.EM g Jobs piille 5ie lappilile o 3l [N Y]as

!Cation bridges

2 Buckley

*McGuire et al.

*Austad

5Lager etal.

6Liegthelm

"Electrical Double Layer (EDL)
8Berg etal.

*Hiorth et al.

Djvalent ion exchange



http://www.sid.ir

OB 6l Tam g ey ol slacKin awle slp loml a3l cpl WS oo Glo o & 1) i S (Sgd

S dwlo (330 50 (Jg1 JObS p 3l \-F

a b oo, oyl 50 a5 ail atils 0939 p (), 00iST sladus 0 wnl San ( Siwdwle (yjbee b Dl)d LS jo
9y b Slge iz prlSelo S92 g (18 b Lol g ime slaa¥ 90 b g (o8 slaails sl idgy SO Olgre
$9y Pz 4 by Dolite hled 4 azgi b aS 0,5 by Ojgo i 4o b @ (g |y ey sl oS
WelS e b i (oo i vy oo 59y o 4 MGP 5 o il glage ilfs 3 Job a0 5 oo
5 Wsder Jate (el 5 0n5y) i 5B 50 d5zge (ohad LS 5 @ o) sk 3y A wz lagsslS g gl
INTO )05 oo Kiw prhan siwgociiis Sloogas (il 3l el a5 aims oo JSis 38 - JT saums SLS 5

Ll g Ko pSI &Y s yb 5l b el de Seilad ) Kb

GloggslSip il (nl 000000 &) B8y Kb ol G5 plin jaccanl oo Sty Gubiizms bawg o5 Sg Jobs ol
il 5 ouila SIS mhaws 4o Sszse S5l sl uShoaS b JT oo SleS 5 a3l o5 Sod &l 5 Sgzge o]
“ e Sebloy 50 obojl ams (o g (egeol G 4 zsban ful (Saigd )0 i cage w5 S e LT,
Az 52 05l cpl o s oo ) S Dl glad il Gl zg,5 g ool Sl cls al gl B3lal il d ) gl
TIAV YO YT casls aalss (i m03l Lig, ool il atsls jpas Ko dwle (3l 8 (6 i wy )3

ol Sglicie adglan ol 10 Uy (oo 08 sl o AL 093 4 )13 g argn bl b Ly oS Ceuadly ol
Aozl oo ©)poinn o i g

Li*<Na"<K*"<Mg* <Ca* <H" ")

W g oas sy (JToslge (Saigdo plojen 5 wisd oo iz (o) g 5l Lopygdls 09 o5 Jolas ol ©f (5,55 4z 0
LPH oy g 5| booysuils zays g e o0 wllonds Lo ) gl 4 €277 Jy gy o5 LlocSlonSsy S
INWGT e wauMaal, gl saax Jobs g osls i3]

Ca®*—Clay +H,0 ——=H"—Clay +Ca"* +OH " ™

i Jlade F a4 0 I PH aldl Jle glp wams o jiolS 1) o, mhaw g5, okad JT olge L PH 2ol58l
223 oo yhalS Ao > Ve | (o) SE 6:9)‘@99935 O S sbagul

'Kaolinite


http://www.sid.ir

Wlo)S zobw S Jol (19,95 o2 2 pilS0 Y-F

O SYlew b cwled g 0aldl plo 4 S oS5 5le 0 4 Canl b i b g 0l05 092 oy b w5l S 5l o
Obsy nl lp (S anle 5l 50 &5 plaesilile calply aibioe T plyl )38 gy bz s @ cl 5 0l
Dyl (GloaisS yxi 1B oy y95 3w slap e ;o 1y cols paesd (3l s lei ced |y el slpainy

o il ! Gldlas jo @il S slaSiw [0 Saisd )y Ol o \fdaw oS rals o xdaw 8aisS Jlad olge il
S5 Lawgs oo ploul Slislejl ()] 5l ey sl 0355 Fige G915 ebaws 50S Jad Slge bawg Saigd 5 pead ol b
oo G, oda Sl Slge 5a> e 3 alea Sl 0B Slidga g 45 Sl les Yo Lo s il Kes
TA V] aisn vgupe 1y a5l 5 o Swigs

ok Sl slaKin ;o by Ol gog5usss alal #30lSe (40,51 Cavosts 6l Vo0 Jlo jo 55 (il Ken g 05 il
&35 Gly e (nl ool p3lSe aiSloy anl cnl jo dgzge e Jewily sy She slaps Sl swin &
ol bl el ool ooy LAY S )0 abaw ol (Swigd 5 Ol 5 S sl mhaw 51 SleS gy S 0lse
3y 2 pelS G 22 SR cage g (V> po)asl Al mha (die )b Sllgw Glagn i Sl el
PR 9Ca2+ op b siSly o 50 maw I SS9, slge al o ol o (V dl> 0)00 5 0 S mhaw
el Jazxe j0 a5 iix (655 092 e @ oald laa sl uSLeS [A](Y Al 1)l oo St e () b uSeS
Al 0 S a0 Jodsee bame (49,0

a

'r-;: .I‘,!!+.’.’! _r".;.- /"rr. ..""4!" J’;I: .".;:- f';’r.'+_";; ,-'.J.J .r'r.;. .-'.Jr;+.';’( ,"’; .4'!: .-':;’47:!.' _f’.
caco,

AT (151500 5 5 ) (S S b (St et g9l 5250 ¥ S

D950 gl (69 S (g2 Sl 4z B il Sl 5 S o0 Jes 59508 S lsre a4 Slges g bl o

ez Loy 98047 (g clale plyy 93 sga> )il o i MO® g dbys O 50 95750 (8 b 9 slagys b
@ S (6 i bled MO™ slayg b duslie j0Ca% slagye caimme slod jo sl oo I)ls 1, (Ca% g clale
(7 abal )yl Seglgs jiaiSTy 3ub Mg2+ syg (O, Kle & 0 1Y s50 ,0) YU slales jo Lol ws b Sl mlaws
IYA s o Ca®* slagygy il

Ca —CaCo, + Mg?" ——=Mg—Ca(Co,), +Ca*? )

YInterfacial tension(IFT)
*Strand et al.
$Zhang et al.


http://www.sid.ir

G Swiol 31,5 g Ldigh (JpMew B
S 38y Sod ©F By 40 28L5L Galdl il ST L gl (Gr Jobs 5 by jeim e ay (S ansle (jl50 50
5 = g sylubl ool g wgd (oo pgie Loy (ml lacsygh 5o b o )LiI B &S axs]  egdle 1) g sa odls
-LSA)"',[))L‘M U)m uyl—h—ﬁh‘ Lu U—‘ u.ul.o.u C.]a.ij‘ ool ra‘é d)x_i..u u,uSJ))Lo)é c..\.wl; S9>g0 w&;‘jw..J‘ u.ul)
o |y dedign O hgy i ol 50 adligad e 3l (nl 135, SeioDeS 65h b ol Gy onlaln il
sl flae w0 Lo Of sl lawgie 5,98 b slacs] 1).51 g ol Cad Je slacdale Slaialse Ol 4 lgs

wiedsn Ol By F ol 5 (e (3 S O 3,55 45 8 S Al gk oo Nsdse WAl 3 cnl lp
Bden Jold 1) iy 5 ol 5l (s S ams A8 S wiedisr Ol 51,5 (B, 5 wdb oo

weigr O 3,55 6,50, F
SiF 2l Sleogad 5 e Jhw g Siw olpilin olaygiSh @ axg wiaden Ol &5 by il sl
Loyl ol F Jgazr all oo oglitte a5ly,S 5 (S anle (3lre sl Sliogas (nl eg9)lge 0 o wllige (5552
Lol 03,5 (Gl ()50 S £95 Ay Ay

oogh O 32,5 ey 5, xE FJgas

aly)S o3k

S dlo 310

ol 0ais plol (635 yetie Dlallas (g:ST

Coid Bl az i Jasb o Coenl Ple wy SIS g
ey (o) S 9z el g Bl S

o 350 gy ol eiloads (6 ol a5 Sleoiae (o

‘_glm.\,'.wl) ke G.ks 6‘}?‘

il (bS58

shyls

LSJ""L Al dudal 6L°C"'éj 2 M9y L}J‘

RYIRY

Al SelS 53,5 slaosal) aiile b (sl sl s

...S)L\j 6}""1" A ddual él.mw JENEIY) u-“

& Jl

Al ezl wle ol gl as o
Mg™ sCa”" sl pgsls Tyl Wl gwijl O

il

Al el wile O gl as o
Lyv]astMg® s Ca™* lag,ssls (slyls wb sssler &

$ood sl aS ok, O 5l eysbe opl slp
ool 00 oolatul cwaiins  Jawgie

Fooonoo ?““ppm:kSJ}‘:’ U‘J""

.[‘\]@;’;L,\ e =Y e PPM Gy (695 Gl

(-slosls Slgz 55 O e ppM s, 9l b éLtbuT adl)

P Ol 69 ol

S oo Ll 1) 5930015 285504 o3
iy il 5B Mg Ca” oy
Ayl Swigh 5

Fpo lewMg™ oaVl sles b il o
Dyl st .

A ool Sl o B3 ol 4o o|)"| slayssls
6 Ca g e pus oS cal sols Gl Slidos

IV]as oo S8 casls ol

P Ol Gg olas

5 e ) YL slales o bs, onl
Ivel sl 5o (o Kl a0 VY

GrweS el Lod (yilee (pl j0 &S a4

bl asls

(PX)



http://www.sid.ir

Lol B3 ooy ousl sl le ;o Ll o)ls SYsb Caand g ol od 4LidS ans 90 & @B ol CudS (55, adlllae

"oy by, (nl g9, axdllas Gy, 4 5y 5 Wlead (Byme ity Cloy Sbojl Cuato 4 aieder O 5 by 5585
15 e, ol 63y anllla oS sl T ke gamoce i |y Wby, ool ggy 35 pe3 b opdiiie w¥lEs Lol YUSE il
ins cale loolSly g Edlome 4 e yiite Ylie & bosye sl ol sl @il gz BB b iS5l gla L

35 -

20 -
15 -

1445
144y
149A

“ - o~ > 3+ 9+ a
o . . B . . .
o . . . . . .
— > > > »r» I

Yeof
YooV

YeoA

Yoot

Yoy
Yoy
Yoy

Yoo

REIAg

AYIY g0 U (B ymo oyloj SaS (53940 b T 30555 9 aoiioh (350w (35 52 35 p03 b oidd e Yo ol S

@ Oldae iz 53 by, ol Al sl oS dgamme (aEislej] cwyp w4 LS aiedign Ol 5,5 by, LelSS e
amo_a i | e ol daaSs oMbl B gz a0t Lzl LalS | 5 gl &5

JoS L Dbl O g0 a4y alizee ol (0 diedisn Sdow g, szl 4 bogs e ledbl D Joux

S . &s Sl :
Sy b oo Ju Ol ol
O (E ]
Ival ws osalie cusls p iulisl as 0 VP B A o B0 (o> &) Sl | S anls AERAY BP Alaska Prudhoe Bay
Sy oy A as T ol dlsl co o 3990 bl S awle | Yoo BP Alaska Endicott
9 00 Ll anulesl &js0 4 05 (690 gy el o \aA-
3 eS Gse b ool ),.)b as ol lid guw Sliass 3950 Ol S dlo \ay WOGCC' Wyoming
Il i YU )50
é» j .l B99ali (ol B) wobl | Sawawle [ YN Statoil Snorre field
Iv e Tasls oo o550 limgs O (Saigh i1, ' '
ooib by ol 5 355 it o0 Vo diader ol f
s < - (f] }‘Q ’ ﬁ:s‘) 8ge (ol SB) ol Gly,S Yy As;glé?clo Ghawar, Arabestan
AVIols (palysl
L=l J& Bisley]l oldlas e Ssbl oyl
I s SR ore ok A I o Sl I;1 Yoy KOC Greater Burgan,
Lolewl | 27 ) w3 ©8 Kuwait

Siwad g gilwdoe ¥

s 8 e Wb 1) e dialisn Ol 3,5 (5ludnd )5 ppe S g0

! Wyoming Oil and Gas Conservation Commission



http://www.sid.ir

)5 ol ilwand 5o (Shaiz Coenl (lads 50 5l Sl -
5% 65503l b (3L 6558 5 05 )3 ) slaalsls -
“so Jsbe 2 50 Sed O (6558 (lime dslme ciadign O oy, o0 Slee (Gl 6l jlutds slayl8l o5 ol
s o iliie slacyle; ;o 1y e 1 O (6,55 e el jspion | Scod Uolas 4 aS(F)akl, J> aily
£150) T o
dt{ B, Bl 4 ot : %)
5° Jolie glo ol e @idle S0 il oo ) & js8s 5 2l 5B po S Bl (lieecad b 4 Hsert 5 Cs o1 50 a5
el Sy @ aidee jLad g Cdi g Of B (b Slaalgl 5 ((SaSeledl wo s oS was e ol ST I
g Jlos! jludds Lol &¥sles ;5 5 3ol c555 e
S, =FS. +(1-F)S )
Ky =Fky, +1=F)ky, *)
k,=Fks+1-F)k/ )
Peow = FoPoou + (1-F,)Py, W)
[Flocal oo S clalislins 51 b i ls o aiq aolgs aSFo g Fy

Oebizenjl (Lol el o (Bymo udlo bl (sl (oB9) (lie 4 ez 5l (65l Lawgs (B9, nl aSLl 08 e
S YA Sl o T, 6T alen 5 adlosts 45,1 55 csaiice golis deol 1l Ll sl g o cas S350 |, sy o
8>y 30 C8b3l curd SRl 55) 5 3b 05 6590 b ol 5l eslitul wrie (S slaialejl 5w Sl ;3 oS ol
Yede Jlo yo \cd)lio.:o g 958 (Yeee Jlo yo oSCLS 5\“Lo)l.:; ale (6,550 Gladoy pusmes .l alblad Clls y pguw

Dilonss 5501, 0T oss alagbesl jo g wlos,STo, 1) Sis, onl 0

ool 00,5 MW g ol zolaesiedsn Ol §0,5 by, 5l eslatul b cilsp obosl boakal) jo SV calllas ool yo
5 S Dglite Sleogas 51 bb wad slgiiu cilie slopslSe 050 sols oyl a4 g, gl (i Oliiss
4 090 wlid i) ol il sl b el p3¥ ool glo o b 5 alSiyles] Sldlis ol by il oo oy Jls
Cal piiloliz] Sl Olles 4555 50 51 LS o] slacus ploil &g 00 wioalad poe Lo

b Ll biiglis 5 bagg sl 4sS) mbical oais jitie 5 Ll Glis (oliio ;5 by (nljlodned @l (o555
S et |y ol Slogshe g Gogy ol Gl oSl wilsi oo Slidos s

“Sshly Ak Jb 5o eeloaibsenishl Wiz gl Ly ) an G800 iz o5 CAS Wl (s, ol eanl 90 5
88w ol il 5l glise @sSal)T s BP w800 aniloe (39, cnl Slbes sl s 550 (olie L il
©,5 Ak yiiie |y 095 gl oy

Ol ailaie 1 s9zg0 (GeseS ool 5Ly SN Gl g5 aizmen 5 ol G Jlws 5 Siw Slogas
565 (Dbl 5 S (b ye Jailate slo,5aS gy Slalllas 45wl o cunlio )35 5l (sl by, (nl 4T aRo 00

'Brine equation
“Rivet

*Sharma
*Filoco et al.


http://www.sid.ir

L)')‘ 9 Mbsa w&” 5o )L..ud.u...u 6‘).' )L».‘ S0 6[.@00‘& J.J}.' 9 LsmliMHLﬁ)] Sldlao sj..ol.‘> LJl.‘> o Q”‘fL"’ el U] ..b}o

Al jeaS 5o cudls p obosl cngs slaghy, 4o Jerv o el il ga 0,0,

PG g g

21 Gty ol aslllae e d oS e bl ol ey Glady, 2SS pgadl e Cgia pSas Gble asges
oS e S5 lools 15 Lo Lz

&b

[1] Ali A. Yousef, Salah Al-Saleh, Abdulaziz Al-Kaabi, and Mohammed Al-Jawfi, Saudi Aramco, Laboratory Investigation
of the Impact of Injection-Water Salinity and lonic Content on Oil Recovery From Carbonate Reservoirs, SPE
137634,Unconventional Resources and International Petroleum Conference, Calgary, Alberta, Canada, 23 June2011.

[2] Ramez A. Nasralla, SPE, and Hisham A. Nasr-El-Din, SPE, Texas A&M University, Coreflood Study of Low Salinity
Water Injection in Sandstone Reservoirs, 149077-MS,SPE/DGS Saudi Arabia Section Technical Symposium and Exhibition,
15-18 , Saudi Arabia, 2011.

[3] Eric P. Robertson, Idaho National Laboratory, Low-Salinity Waterflooding To Improve Oil Recovery—Historical Field
Evidence, SPE 109965, SPE Annual Technical Conference and Exhibition held in Anaheim, California, U.S.A., 11-14,2007.
[4]Ali A. Yousef, Jim Liu, Guy Blanchard, Salah Al-Saleh, Tareq Al-Zahrani, Rashad Al-Zahrani, Hasan Al-Tammar, and
Nayef Al-Mulhim, Saudi Aramco, SmartWater Flooding: Industry's First Field Test in Carbonate Reservoirs, SPE 159526,
Annual Technical Conference and Exhibition held in San Antonio, Texas, USA, 8-10 October 2012.

[5]Farida Abdulla, HashemSayedHashem, BadriaAbdulraheem, Meqdad Al-Nagi, Abrar Al-Qattan and Huw John, KOC;
First EOR Trial using Low Salinity Water Injection in the Greater Burgan Field, Kuwait, SPE 164341-MS, Bahrain
International Exhibition Centre,2013.

[6]Chuck Kossack,SchlumbergerAdvisor,Denver. Colorado, ECLIPSE Black Oil Simulator — Advanced Options:Low
Salinity Water Flooding, Schlumberger Private, 2012.

[7] Lager, A., Webb, K.J., and Black, C.J.J.Impact of Brine Chemistry on Oil Recovery. Paper A24 presented at the 14th
European Symposium on Improved Oil Recovery, Cairo, 22-24 April2007.

[8] Austad, T. “Smart water” for Enhanced Recovery: A Comparison of Mechanismsin Carbonates and Sandstones. Force
RP Work Shop: Low Salinity Water Flooding, thelmportance of Salt Content in Injection Water, Stavanger, Norway, 15
May2008.

[9] M.B. Alotaibi, R.M. Azmy, and H.A. Nasr-El-Din, A Comprehensive EOR Study Using Low Salinity Water in
Sandstone Reservoirs, SPE 129976, Texas A&M University,2010.

[10] Geoffrey Thyne, SPE, PubuduGamage SPE, Evaluation Of The Effect Of Low Salinity Waterflooding For 26 Fields In
Wyoming, SPE 147410-MS, Annual Technical Conference and Exhibition, Denver, Colorado, USA, 30 October-2
November 2011.

[11] Boussour S., Cissokho, M., Cordier P., Bertin, H, and Hamon, .G., Oil Recoveryby Low Salinity Brine Injection:
Laboratory Results on Outcrop and Reservoir Cores. PaperSPE 124277, SPE Annual Technical Conference and Exhibition
heldin New Orleans, Louisiana, USA, 4-7 October 2009.

[12]Alotaibi, M.B., and Nasr-El-Din, H.A., Chemistry of Injection Water and its Impact on Oil Recovery in Carbonate and
Clastic Formations. Paper SPE 121565. Presented at the 2009 SPE International Symposium on Oilfield Chemistry held in
The Woodlands, Texas, USA, 20-22 April 2009.

[13]Jadhunandan, P.P. and Morrow, N.R..Effect of Wettability on Waterflood Recovery for Crude-Oil/Brine/Rock Systems.
SPE Form Eval 10 (1): 40-46. SPE-22597-PA, 1995.

[14] Yildiz, H.O. and Morrow, N.R..Effect of brine composition on recovery of Moutray crude oil by waterflooding. J. Pet.
Sci. Eng. 14 (3-4): 159-168, 1996.

[15] Tang, G.-Q. and Morrow, N.R. Injection of Dilute Brine and Crude Oil/Brine/Rock Interactions. In Environmental
Mechanics: Water, Mass and Energy Transfer in the Biosphere, ed. P.A.C. Raats, D. Smiles, and A.W. Warrick, No. 129,
171-179. Washington, DC: Geophysical Monograph, American Geophysical Union, 2002.

[16]Zhang, Y. and Morrow, N.R. Comparison of Secondary and Tertiary Recovery With Change in Injection Brine
Composition for Crude Oil/ Sandstone Combinations. Paper SPE 99757 presented at the SPE/DOE Symposium on Improved
Oil Recovery, Tulsa, 22-26 April, 2006.

[17]1Zhang, P., Tweheyo, M.T., and Austad, T. Wettability alteration and improved oil recovery by spontaneous imbibition
of seawater into chalk: Impact of the potential determining ions Ca®*, Mg?" and SO,%. Colloids Surf., A 301 (1-3): 199-208,
2007.

[18]RezaeiDoust, A., Puntervold, T., Strand, S., and Austad, T. Smart Water as Wettability Modifier in Carbonate and
Sandstone: A Discussion of Similarities/Differences in the Chemical Mechanisms. Energy Fuels 23 (9): 4479-4485, 2009.
[19] Hiorth, A., Cathles, L., and Madland, M. The Impact of Pore Water Chemistry on Carbonate Surface Charge and Oil
Wettability. Transport Porous Media 85 (1): 1-21, 2010.

[20] Jadhunandan, P.P. Effects of Brine Composition, Crude Oil and Aging Conditions on Wettability and Oil Recovery.
PhD dissertation, New Mexico Institute of Mining and Technology, Socorro, New Mexico, 1990.

')


http://www.sid.ir

[21] Bernard, G. Effect of Floodwater Salinity on Recovery Of Qil from Cores Containing Clays. Paper SPE 1725 presented
at the SPE California Regional Meeting, Los Angeles, California, USA, 26-27 October 1967.

[22] Tang, G.-Q. and Morrow, N.R. Influence of brine composition and fines migration on crude oil/brine/rock interactions
and oil recovery.J. Pet. Sci. Eng. 24 (2-4): 99-111, 1999.

[23] McGuire, P.L., Chatam, J.R., Paskvan, F.K., Sommer, D.M., and Carini, F.H. Low Salinity Oil Recovery: An Exciting
New EOR Opportunity for Alaska’s North Slope. Paper SPE 93903 presented at the SPE Western Regional Meeting, Irvine,
California, USA, 30 March-1 April 2005.
[24]Lager, A., Webb, K.J., Black, C.J.J., Singleton, M., and Sorbie, K.S. Low salinity oil recovery—An experimental
investigation. Paper presented at the International Symposium of Core Analysts, Trondhiem, Norway, 12-16 September
2006.

[25] Berg, S., Cense, A.W., Jansen, E., and Bakker, K. Direct Experimental Evidence of Wettability Modification by Low
Salinity. Paper presented at the 23rd International Symposium of the Society of Core Analysts, Noordwijkaan Zee, The
Netherlands, 27-30 September 2009.

[26] S. Strand, T. Puntervold, T. Austad, Effect of Temperature on Enhanced Oil Recovery from Mixed-Wet Chalk Cores by
Spontaneous Imbibition and Forced Displacement Using Seawater, Energy & Fuels, Vol. 22, pp 3222-3225, 2008.

[27] Lager, A. et al., LoSalTM Enhanced Oil Recovery: Evidence of Enhanced Oil Recovery at the Reservoir Scale. Paper
SPE 113976 presented at the SPE/DOE Improved Qil Recovery Symposium, Tulsa, Oklahoma, USA, 19-23 April2008.
[28]Austad, T., Strand, S., Madland, M.V., Puntervold, T., and Korsnes, R.l. Seawater in Chalk: An EOR and Compaction
Fluid. SPERes Eval & Eng 11 (4): 648-654. SPE-118431-PA 2008.

[29] McGuire, P.L., Chatam, J.R., Paskvan, F.K., Sommer, D.M., and Carini,F.H. Low Salinity Oil Recovery: An Exciting
New EOR Opportunityfor Alaska’s North Slope. Paper SPE 93903 presented at the SPEWestern Regional Meeting, Irvine,
California, USA, 30 March-1 April2005.

[30]K. Skrettingland, Statoil; T. Holt, SPE, Sintef Petroleum Research; and M.T. Tweheyo , Snorre Low Salinity Water
Injection Coreflooding Experiments and Single-Well Field Pilot, SPE 129877-PA, VVolume 14, Number 2, 2011.

AR


http://www.sid.ir

Enhanced Oil Recovery by Smart Water flooding:
from Mechanisms to Simulation

Ahmadi Mohammad', Kamari Mosayyeb"

Abstract

Many oil reservoirs in the world come to near end of natural production as well as Iranian oil
methods is in schedule of oil )EOR(reservoirs. So investigation for best Enhanced Oil Recovery
companies. Smart water flooding has been introduced as EOR method for two decades. Smart water
improves oil recovery by impact of salinity and ion composition on oil/brine/rock interaction and
draw trapped oil out. Because of low cost and high potential in laboratory tests, oil industry considers
this method in future plans. This method is so young, so some aspects of them still are unknown.
Recently many researchers have developed their researches extensively about different aspect of this
method and published their results. Many companies also begin to investigate with respect to near
term field application. Some extensive research has been done in this paper to specify situation of this
method in the world.

Different questions exist about this method, for example, what is the exact mechanism? What is its
performance? How could simulated it? A lot of efforts have been done to answer them in this paper.
Also history of field application of this method has been investigated.

Key Words:
Enhanced Oil Recovery (EOR), Smart Waterflooding, Low Salinity Water, Carbonate Reservoir, Wettability Alteration, lon
Exchange.
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