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Introduction

The effect of low salinity water (LSW) injection
on sandstone has been investigated and researched
since about 50 years ago, and its mechanisms have
been investigated in different literatures. It has been
observed that when water with the salinity of much
lower than the salinity of formation water is injected
into a reservoir, the amount of oil recovery increases
[1].

Various mechanisms have been proposed to increase
oil recovery: wettability alteration, particle migration,
mineral dissolution [2], wettability change towards
hydrophilicity [2], emulsification, pH increase and
IFT reduction, saponification [3], ion exchange,
Multi-components [4], double layer effect [5], salt
withdrawal effects [6], and visco-elastic increase in
water-oil contact surface [7] are amongst the most
important of these mechanisms. Of course, there is
no general agreement about which mechanism plays
the main role. Although, in recent years, the change of
wettability has been drawn more attention by authors
[8-9].

Injection of LSW along with other materials has also
been investigated and researched, and methods such as
LSW injection along with surface active materials or
polymer have shown their effectiveness in increasing
the oil recovery rate.

The use of combined polymer and low salinity water,
due to increasing the sweeping efficiency and reducing
the amount of oil remaining in porous media, brings
many advantages. The polymer is used to produce
the amount of oil that remains behind the water front.
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Polymer injection reduces the dynamic ratio of water
and oil and the phenomenon of fingering is delayed
[10]. Hydrolyzed polyacrylamide (HPAM) polymers
are also widely used due to their low cost and higher
viscosity than other polymers [11]. Heat resistance,
high viscosity, lack of oxygen in its chemical structure,
minimal adsorption on the rock surface due to the
presence of ionic hydrophilic groups and high chemical
stability are among the important characteristics of
HPAM polymers which makes it suitable for reducing
residual oil [10].

In this study, according to the characteristics of the
polymer, by injecting (LSW) along with HPAM
polymer into five sandpack models, the synergistic
effects of injecting polymer and LSW on heavy oil
production have been investigated.

Materials and Methods

In this study, five tests were designed to study the effect
of LSW and polymer on oil recovery. All the tests were
performed at Sahand oil and gas research institute.
In the first three experiments, polymer solution was
injected in a tertiary mode after LSW injection, and
in the next two experiments, polymer solution was
injected in a secondary mode (before LSW injection).
In both series of the experiments, the effect of polymer
concentration on the oil recovery was investigated. In
all the experiments, the LSW and polymer solution
were injected into the sandpacks at the constant rates
of 0.1 cc/min and 0.05 cc/min, respectively. Because of
their low values, the injection rates were insured to be
lower than the critical flow rate. The experiments were



conducted at the temperature and pressure of 75 °C
and 2000 psi, respectively.

Results and Discussion

Tertiary Polymer Injection

In the tertiary injection of polymer, firstly, LSW was
injected into the sandpack model in a secondary mode
in the amount of two times the volume of the pores (2
PV). This injection amount was chosen to ensure that
the salts of the formation water, especially divalent
ions, were almost completely removed from the sands.
This makes the least negative effect on the polymer
viscosity and decreases the surface adsorption of
the polymer as well. In first three experiments, oil
production increases due to the decrease in the mobility
ratio and hence, increase in the sweep efficiency.
Figures 1-3 show the oil recovery versus pore volume
injected during the first three tests.
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Fig. 1 oil recovery factor versus pore volume injected (LSW
of 1500 ppm followed by HPAM 3630S of 500 ppm concen-
tration) in Test #1.

~¢=Secondary LSW Injection =t=Tertiary Polymer Injection

100
90

80 ?
70

60
50

4

I

40 3
o |
N

Recovery Factor (%)

20
10
0

0 1 2 3 4
Pore Volume Injected
Fig. 2 oil recovery factor versus pore volume injected (LSW
of 1500 ppm followed by HPAM 3630S of 1000 ppm con-
centration) in Test #2.

Secondary Polymer Injection

In the next two injection tests, polymer solutions with
the concentrations of 500 and 2000 ppm, respectively,
were injected into the sandpack models after they were
saturated with the oil (Figures 4 and 5).
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During the secondary polymer injection, the surface
adsorption rate of the polymer increases because it is
in contact with the highly saline formation water.
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Fig. 3 oil recovery factor versus pore volume injected
(LSW of 1500 ppm followed by HPAM 3630S of 2000 ppm
concentration) in Test #3.
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Fig. 4 oil recovery factor versus pore volume injected
(HPAM 36308 of 500 ppm concentration followed by LSW
of 1500 ppm).
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Fig. 5 oil recovery factor versus pore volume injected
(HPAM 3630S of 2000 ppm concentration followed by LSW
of 1500 ppm).

The increase in adsorption amount decreases the avail-
able volume of polymer and increases the speed of
polymer movement and shear rate in pores. Therefore,
the breakthrough time is expected to be earlier.
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Conclusions

The injection of water with low salinity can
increase the production rate of heavy oil by different
mechanisms. Low-salinity water injection is one of the
low-cost methods that can increase the oil recovery
rate by controlling the conditions and creating a
situation for the operation of mechanisms related
to low-salinity water injection. Polymer injection is
effective in reducing the residual oil in porous media
by increasing the microscopic displacement efficiency
and reducing the mobility ratio of the displacing fluid.
In general, the following results can be obtained from
the experiments:

1- As it can be seen in the production diagrams
of tertiary polymer injection, with the increase in
polymer concentration from 500 to 2000 ppm, the oil
recovery increased from 2% to 15%. As the polymer
concentration increases, the viscosity of polymer
solution increases and its mobility ratio decreases.
As a result, with the increase in microscopic sweep
efficiency, more oil is produced and a smaller amount
of oil remains in the porous medium.

2- According to the results obtained from tertiary
polymer injection, in order to increase oil recovery
from the model, it is not necessary that the viscosity of
polymer solution be close to the oil viscosity. In fact,
with the increase in the concentration and hence, the
viscosity of the polymer solution, the amount of oil
recovery increases.

3- In secondary polymer injection, due to the direct
contact of the polymer with the saline water of the
formation, the surface adsorption of the polymer
increases and its viscosity decreases. Therefore, the
efficiency of polymer injection is greatly reduced.

References

Bernard, G.G. (1967). Effect of floodwater salinity on
recovery of oil from cores containing clays, In SPE
California Regional Meeting, Society of Petroleum
Engineers, doi.org/10.2118/1725-MS.

[2]. Buckley, J., Morrow, N. (2010). Improved oil
recovery by low salinity waterflooding: a mechanistic
review, In 11th international symposium on evaluation
of wettability and its effect on oil recovery, Calgary,
63(5),106-112 doi:10.2118/129421-MS.

[3]. McGuire, P. L., Chatham, J. R., Paskvan, F. K.,

Sommer, D. M., & Carini, F. H. (2005). Low salinity
oil recovery: An exciting new EOR opportunity for
Alaskars North Slope, In SPE Western Regional
Meeting, Society of Petroleum Engineers, doi.

org/10.2118/93903-MS.

[4] Lager, A., Webb, K. J., Black, C. J. J., Singleton,
M., & Sorbie, K. S. (2008). Low salinity oil recovery-
an experimental investigationl. Petrophysics-The
SPWLA Journal of Formation Evaluation and
Reservoir Description, Petrophysics, 49(01).

[5] Ligthelm, D.J., Gronsveld, J., Hofman, J., Brussee,
N., Marcelis, F., van der Linde, H. (2009). Novel
waterflooding strategy by manipulation of injection
brine composition, In EUROPEC/EAGE Conference
and Exhibition, Society of Petroleum Engineers, doi.
org/10.2118/119835-MS.

[6] RezaeiDoust, A., Puntervold, T., Strand, S., &
Austad, T. (2009). Smart water as wettability modifier
in carbonate and sandstone: A discussion of similarities/
differences in the chemical mechanisms, Energy &
fuels, 23(9). 4479-4485, doi.org/10.1021/ef900185q.
[7] Bahaloo Horeh, M., Ghorbanizadeh, S., & Rostami,
B. (2020). The Effect of Water-Soluble Compounds of
Acidic Crude Oil on Surface and Inter facial Tension
in Low Salinity Water Injection, Journal of Petroleum
Research, 29(109). 52-63.

[8]. Alotaibi, M. B., Azmy, R. M., & Nasr-El-Din,
H. A. (2010). A comprehensive EOR study using
low salinity water in sandstone reservoirs, In SPE
Improved Oil Recovery Symposium, Society of
Petroleum Engineers, doi.org/10.2118/129976-MS.
[9] Morrow, N., & Buckley, J. (2011). Improved
oil recovery by low-salinity waterflooding, Journal
of Petroleum Technology, 63(05). 106-112, doi.
org/10.2118/129421-JPT.

[10] Malmir, P., Hashemi, A., & Soltani Solgani, B.
(2019). Experimental study of polymer injection on
enhanced oil recovery from heavy oil reservoirs and
determination of optimum injection concentration,
Journal of Petroleum Research, 29(98-3). 120-130,
doi: 10.22078/PR.2019.3503.2602.

[15].Kyani, A., & Hashemizadeh, A. (2022). Successful
case studies on the use of polymers to EOR by polymer
flooding, Journal of Petroleum Research, 32(1401-1).
24-50, doi: 10.22078/PR.2022.4508.3033.



°t 2 &
Lo . B &

CppCm S A 93 g oy L Of odd 8™

215 bl Lo yele s 9 “obiglas Sl colj il (gidgn s

Ol e i (Sio o83l caign 5 g i 0uSlipgh 5 5 Gl pwdige 0aSiisls

VEY/ YT (s gl VE VBN sl s g b

2SS

ad S )8 Gliie g 090 3 slaglo Job o il p sbussl slagty, 5l (S0 plsted o5 595 L ol 65
aiile (o gy 5 48,8 1,8 G 5 (o2 0550 5 05 69 Ly 2l B3 Lol e ;00 (sl 5l eoliiul o
Cds Cb b e pd 0,5 pdin az e 1,093 (LS ey L (xlas JLab olyo Lol en o5 (6595 L Of o)
ks 9 plian 03,58 5 o 55 g5 4 s Lo o8 (6505 Ly T 3 L il o5 e ol s
G Oimlejl aw g late e dn Wl 4B S I ) 0550 Sk 0y o oS (6500 Lol g ey Gy SISl
5 P9 el po g0t el (30,5 gl el oo il pgs al> e 5oty ilejl 50 5 pos 4> o Sjgods ey
G A S |y (6550 0 Shae oy a0 50 s aily 5,5 45wl o GLtd 05 550 L ol Lolya g al> 1o
L s o yo 55 o 8 sl i TV g0 S a1 (g i EBll lies g 315 g0 Al e
oiml8l 5 i ou S raly Jlw (6 mdiS 2 AlS Gl g5l cdled L cis Bl L (B ey cdale sl
Ol il o jlmn O L wlad Jdos pgo alo o jg0t ey (535 50 0900 i 295wy Sre (0331
DH 36l 3550 505 e el 5 o0t b s (ol 5nlS g 5 458 Al ol e i
SNgd i yeis g 009 Jlad PH il 555k 08 (505 L ol 55 Jsbo 50 a8 aimo oo )Lt 5 (g0 slac]
9 Sl o 6 yaF o 31 ool Ly e alllan (] 5 59 so i bl LAl g ¢ gt Ceay
o 9350 3 o5 G5 L Ol g ey (mlralr ogon il O ()5 et (SisSz Sik 4S say slac]

JONR TR S Sy I
o S Bl 3 g ¢ poaly (3253 (s SIS 1 3L 31 S (5580 b T 1 galS Lol
g Sl a8 S 1,8 5oBod g (2 990 i Sl dodle

Sl 00y () ldizes alio yo o slo ) 5Tg5L B+ dga> 5l S dwle 1o o5 50 L o 3G
o gye—i aS ol aS Sloy el sois sanl e

Sl gt

RIRYT o s khodapanah@sut.ac.ir Sig Sl eyl
Sl 2l g 5l S
(DOI:10.22078/PR.2023.4877.3179) : Jtezus aulis



VI-AY o NPT jg9 p0es 9 31550 AT 0,los -U_,M",}
’

oolii_wol 8,50 ciwl 0aile b ol 4gu> ciy 4 S
S 2l zrgo pmarly G5 05 o0 )15
A o SiSl eaay g ead i g ol bgy
J— ST e sl oy N F] azdl o 50
430 S 4 53 (HPAM) oo 5 Jg,aum ool
Lo oy b a Cod iy (55,515 5 Sl
Cnglio [V 0] il oo (5 500 1S oslin il gl
O YL (59,515 bl cpols Lo )5 il o
932l 09,5 s e oo JlSL o (5 nS]
g S ghw o e Ol g biiear (S
Sloyodly sla Tig adox 51V pload s)loly
G oo 00l lgcas | ol g &l HPAM
DVE] oS o Tamails” 35 oasile Bl cods ialS
Loolyoo 05 5,00 L ol 30,5 L asdllae (0l o
Jos,id b Jae g9 ¥ 4 HPAM 36308,y
Lol s el G5 Sl s i a5
R g (e S a1 oS (5 )9

el 428 518

Wi dS Ol 5 (55950

Sl oy ol Gy 1) Gl gl sl
S gy i A8 S8l (i |y (Hgeme
Sos—o L ol jo cay el as 5,5 cnnlin g9
3 g ey ad> e j0 pa Lyyo Ol as s ;S
35> slaialojl (g5 0l oo inl38l pos al> 1o
S8, A g ol ploul alise slas e Lo T
Ol Sed (5s T l eS Glaisyet )0 48
55 oanlite (rizan (63 395 go o260l e oy
slacl 5l gyt i, laie Ol G55 45
0,5 oanlis (55 .05 o 0—Jgs NaCl sljls ;o
&y jtd LB e O 6oy 55 Lo yo 45
00 0= g |y ol (59 A4S 09 e oaaliee
g Lols V] ol cons g pd g S5 o aiay g
Sy 4z (b talejl sl Ly 5SS
<8b5b ol—e NaCl 555 7Y oljap Ol glil jo S

1. Sand Pack

sy Lo

Ol Al czrge w092 55 75 4
)_».».2.) el 00 4_:5‘)‘ Ca La‘JL’)l) w_").‘!‘ ‘5‘)_)
IV L o5 ot o )3 &y 2lpe o Saig i g
Y] as elo JFT aals o pH il o
Jol asBgs any 51 df] S5 0 e Jols
RPN MOV S 1¥ 1 P2 I NS CH
AN JIN) ERPUE JUN
l/\*\ ’J S| 09— u_,.;z,lyo 4_9-9) Sy9— s

g obwl o8 (558 Ly ol )3 599,550 sl
I als o3V 1) s el il e

& ")lSao..Q 3 G}‘ .”) x’. )b O ) . .
(WY sl b s ) ) o>

Sl Sep g ol o 4t S )0 (wy j5—i> e
(Y sl b s ) ) s>

s )s) >.,Ja.9 3 ‘5‘)9" )9.2:}' °

s 2l o (b Bes (sl slaps jo—d 0
‘(Mg2+ 9 C32+) \.\J)L..J

WS lase o adgl O glosl e

Yoo ppm g e ppm o oy ol 5050
Al ;550 ailed co e O o ppm L adl o il
ppm L5 Ve e ppm G (5,55 i 5 0l >)
S L ol (O] assls ;530 1, Ve e e
Bl g (omwy 350 3 ;S0 Olge Ly ol yam o S
G Lo ol Gy aile (labg, g a4 S 1,8
Cdd Cdljl e po 53,5 pion az e 0 1) 09>

ol ools lis

J_JO‘D ‘W‘j t.g)?—”" l—’ ‘-’] l—’ °‘)—4>-Q )—»ov-l-’ )‘ ool
g gyl o5l sl
loailid slacy jo  fsdsie bams ;5 sale Bl
s Slate o gy jetateds oy 50 ls ol onas |,

S )lx 9y B



OIS0 5 0313 i (gt s

e S i o i bl Ll ol Qi 4 S
iz ol Car clale Lyl oo bls )l 6,50
i LT il 5 e S sy (ki ol
Lo 4 ails )8 g5 (= e ) (S92 5
gl 5 555 ol 5 cd (o G0 gy eSS
s PH Gl sl i jlhss oo oloml Sow
aee¥o [N | axs Lol g5l ol & oles
al> e g pgd al o Ojg o ey 3,5 Els
sl 00,5 oy TS Gy lae 0 ) e
T A meek G5 3l ol eael csay el
Sygmots yonly 35 cdlo o VY] aal (e
J=B Gl sy (s g (7P JLid pgd ad> e
Sl 09 10 LT (2 o g bl el
ey Sl ol 55 e SIS 5l S e Lt
G0 Obe) 5 spgm ad> e 53 ek 35 <l o
b 3l il )5 lad g ok (s oo
5 Sl Gl S e s gl ST G e
Bl eals ey 35 L s O Jlaie o
Al jo a8l aalsl YL Gl o 0 aJy g
G—0F 0 =l SBlon (a0l Gl ¥
po—m oo 5| i pod Al 0 D90y el
oy ao slaalllae jo oIS an 5 ol el g
O3 S (S i o NaCl Sas 3G
Solins (g5lmas ool wl L Lyl ozl p
i Cl 5 Na sLayss a5 0o, sanliie JsSse
bl CodS mlas (SWig55 jsd )0 ) (o—otee
sl plosl L o)) 5en g o135 VY] oS o
4 HPAM 36308 ,—ods 3,5 (loawe g 2B ioles]
G,y aS ool lid eud 00 ,id slad Jae
Fio g cege pow a0 D jg oty oy
ol an | ade Al ol Ll oo, S e ok
Aol e Ay s gyl @jald

Iyl

1. Connate Water
2. Pelican Lake
3. Oil Cut

v Gy S iole;] anlllas

ARSI A 5 PP R PP ST BN
sanl i Lgsl a =l a5 o5 (6 —ts NaCl 559
il inlS STy e Bl (55 5148 as S
o=l Lol ol oo il s e 8l3l ol
ey (Fogdnl S (SWsbg 0 it A | ey
gl pials sl a8 hwgie (Suigi ) Ll
D#] sl by e g co ool b s
ST olyan pondy 5l oolil g, oS om 5 Y1,
Ols=se P9y Ol 5o e S adll ) o S (5,00 Lo
S92 3 (25— S (mlralr (05l S Lo
et oy g sSnySLe (lrals

DV o) ecas ol el 5l =YL

Ol Gyl ccd e 5 1 oS g add

e =l bk Gl g e (SWg 25
se3 slaile;l plosl Lo oyl VAl axn

L ol 3 31 (S ale slomosin (55,
ol Ll gl ase S (cmoy 1) mony 9. 05 (505
S 6 235k 05 (550 L ol 45 aas e
O—izmen Lyl 0y la Yo (6565 Lo o 35 4y
2 sk G5 0 s e8bilb e wy p Lo
Cble Uy el a8 0 S sonltie ag alo 10
32 S o5 i o Sl e LS 48 oS
A ) e adlib ol 9l o s )l 3k
iy sl il ams il ool Jlaie
oadl e dd &8l 3l ioldl e g 0o 0w,
JEDVRRE S IO [Nl OWRNI L AR UK &
SlopSe (s Lo pgw ad> o g pg ad> 10 50
55 oamle Bl e gl e 4 Sl S o
5 SSb Y] il pgs ad o 5l 1S pgo ad> e
Slooyio dn 0 S (6500 L ol 3oy 5 Ly i Koo
oala Bl ) oS 658 Lo o 3 e e
=iyl S il 030 jo ca L olLS
oo dm o5 (55— Lo ol Gy Lo Ll ass )5
A8 S ot gadg slacl pH g, Sejlail



VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons “u_/“",;
’

G915 als wal it 695 Gl az e

Lvavv] sgm amles iy
o Sai
E e A

Gl s (55 OD YL (e L ol 5 Y S
] el S1 9,15

ol Ko

w

9ot |y e yod Of ey Jodome 45 Ll
b (mlral e wols s Lol ol
ol el Jodoe (59,15 S-S e o
aals gy allilesl slaadlas o [¥Y] 0l oo
Gl a8 Eul o sals Gl 3 o Ses 5 S
S ordy Jodome (280 (59,115 ialS Eely (5500
o2lS 3l 5 S ol (sl izmen Ll 09— e
959,5 wow |) ek (o9 ol 0y o 65,515
S92 5l s i Cnglie 555 mln 50 Wl 4
Jstome 69,515 Gl cozge (s g wms (L
byl 90 slaiyg LacSas oy 3l [T 55,8
I Na™ ol —8,bSS oy Lo awlio (o
I 00)ls el Jgdome (69,515 ials jo (6 s
b b SS slasslS 5l i Lol sl 5o
0 clapssls jo x> o widl oyl o ol
30 B9 S O gty pebimo Loy 8,
IAR i ERGET

Lo

D2l ez ga el Lo Al (IS ol
o sloles 1036308 ol 09— o ] (59,51,
v s [l A2 co Cewd jl 1 0g 3 (gl AL
OLa HPAM oy (55,50,8 aals 1) Les 30

.J—QJ‘.SA

1. Dispersivity

g3, alie

G5 S pBtalesl () L oo 5 soln 3
98,5 eaalive Sdi s, 05 50 Lo O
(900 oy S S¥igb S ,wws Ly a S
100 et Gl Sow Ayl (SWigd i Ly
Lvol sjls K 5l oo adgy coi i g i
Lo g oallilojl laalllas jo ol San g iy
G5 ;5! ey a0 (silmand leolat ]
sanl_ie Lyl o3l p HPAM ;o g 50 o]
o= ol d ey Yoo ppm o958l L aS ass S
- CA R U SR RVEC g CN U PR TN
5w i ol ccdalée g , ol e bale oL

Iv#] AHls SIS i ekl )_ul.:

P i g 59,7515 = The (Lapeile
HPAM oy

G—p oo, b J2b e ey 4 S Ly
S9—S als el (ilitie Jslge g oo
ol rhs Cdz izen 5 ek S5l
oo jo—e olad Los aile (o Lalge g5 o
03B 3)ly (b p &y o SHLS adg) by b 5l oy
Jobss sl ol (690 (Jodste e S5 o
Oyled) oy S8 > 5 By plejde 5 (g
Selles (o p3 (85 51,3 ol Sae 500
o=l ek (59,515 eams el Jslge ale
2 ol sl Cix
Sg—Bion (s z Jsloe

$9515 5t e Jolys

Srg e

Sl olie 5 g0 s alox 5l (55 Ll

Ol e aalal o Iyvoy.] o

23l 5 IS Sl i alS el Al e S
09953 3l Jol 6ol (59,1,5 095 ey 5,5
3ol oy slowo iy Jdoas ol 4y oy
adsdle ol gy o il oo (Sl ulg 2SIl x s
Sl alS (59,515 5 ot ans Lmo o
)l 35 550 j0 4 lassls () JS)
kS5 09,5 Sl bl ane L L (2STy S



OIS0 5 0313 i (gt s

Th-

gl S

,
".',.ri -

(€P)

(=
M

w85 A alfile;] adllas

b il

—— b sk
O~ HREM L =

A T 1Y AVE .

(0 L

[FF] oo et b oy Jslone (59,531,5 yeeis ¥ S

Ll 08,8 (omwyp 00,28 oy Joe 10 easle S
oiml33 L HPAM Qs Jlafo 4 S 08,8 a5
Ca? o le )l 90 sloarys 5 Sod o
NS VO | P SR Py [
ou oddline yizmen .0 o Na™ g d Coid oy
PAM ;| sio HPAM s - Ca?t 5 oS el
slacg Yo olie joa YV -F) ] asb o
ek ks poe el Ca? ojga (85l 90
Ca?' Lo S92 09,5 STy ;51 50 5 00
Slaie 48 50,0 05 o JeSitd oy STog, S
3 Sl - Seee ey 0 BL YL el g0
o=l LFVT 0 gy 8 g0 laysy s
ol 0oy 0l 5 o, Koo o Lime Lo wgi ]
A S oy o leis £ o 0 sla s [F) FY 7
Sl s Sl (650 Jlae Al L Sy
obos il s (e iz IS S
Lo e

00 iz yandy e y5te gles Ll L
W asld ol oo Sl e S s
L as asdly o ool salojl glaalllas 1o o >b g
i i e Sl e e il
LAl ool oo Ll 33 HPAM oy

1. Acrylate

J5_1>m M)9.§_.w5 éu@m slwo JS_W Q—.’.‘ I
DS oo s WY C L5 Y °C 51 oy
eREF

9 o Lngoﬁ.?d)' 6‘)“3 Y#Y. S ,._a...b 3
)—Nl’ Py — 6‘)_2=A >0 R )_iﬁx;:u_éUagjl
L0y s ym! o 00 p Jloial ol 55 ,L
LYV] c8l aalys ials 69,0,5 g oo iy
oo pion ,S3Yb lacdkale o i als ol
Jsloe [¥o] el < IAVO mm ,Las s glady) s
ST B yme 5 38,5 S, 8 0 ile 55 5, Ko
3550 y—acly 3,15 hals o al Loy 5
IYA-vol s e ;550 colix .l

P Dde g g Jolge

Olyas gl als eel ady xhaw Od >
C)""’ 9 QL—’)’ N ‘Q—-,{‘)gli.f 9 ¥ JL»J “59—"‘“’&5‘
9y shlisea Jalge [YA] 055 o o o>
ay aalsl o S at e g ety (e i
09—"“’(5" °)l—M)| uui )‘ 4_>9N =

Sy

G e e (5,98 il Bl L (S g b
oy oo 1y (T e gl oSUl 56 [+



VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons -uu",}
’

Cdz 4SS olfin 7,8 g S She gl ) Sl B Sl
[va] el ool glas! yasly el

Ko g, SIG
Y- g/L NaCl

Yo ¥ pH=Y HPAM
b /————4
) P il

o8- .
4 \PAM
Frot
£
[
2

Yoo

Yo

\ \ Vo Y ¥ Y. T i O
CaCly (g/L)

PAM U aslin ;0 HPAM ko Qdo iolidl & Sl
[£1] CaCl, Sas (5,8 i3 L ks 59,

O ool g Wby oo |) s (55, 42Y S
IFa] og ooy ta8 S a5 ey Sy v
gl 4 ey az Ol ey e ile AL
cbale i e 56 [0 ] ol o ilEl s
oldize vy (v G Sl o ey
Lol el sas sanlin s , Koo

ooy ylado e

ok i il eel ) SLS vg 2

Lov] sg—s o

Ol 5k g dlgo
FOSIPIA L )lf 9 s awjf PO LQQ“JL“)T
3 —alre Slig g olge .l 0o ,al-?d‘ e ——

NETIpUER

(€p) g9p'5

: .
A Neo 1.5 Yoo
(bar) ,Lis cal

Slgmol gl Yo 59 Ly joly (50 4o ¥ St
[vol «/AYS mm ady) L

(mg/100 g of sand) suis i jlade

(hours) sle)

—a— T wit% NaCl
Fwt% NaCl

—a— Y wt% NaCl
—o— Ywt% NaCl

[fv]

(P

0 iz ey e 3 sles ilsél L
W Al ol o Bl e S s 4
L as ol o allilel slasdlas )0 o >b)
s i jlade (Jliie bz sles il 8
LAl ol oo Ll 33 HPAM oLy

Kow (2lgly e

ool S ezl il o8 (2l Ol 4z 2
omlply b Al (s iz g e
L sloyordy slal o5 (bl L sladaze (ol
L] 5,8 oolaaal (ol (HsSTge o3

e o5l S g Ceis Sl e , S

O)gmods i )y b o0 ax ey 6 eS



B0 5 0358 (G0 s

oo jloslai vl by el (8 sloaF 5 0 o
ol 515 g il ouS iy WiiS'g eSS
BRYCAT-SANN P P g% ORI E2 JX g N PRSI S50

el oo ools s A Sl

HPAM ¢4 3l ,onds aslllas o] o oolaiul oy
¢S 5 Js—ames FLOPAAM YFY+ S s, Lo o L

o o JsUge 0l co 4wl FLOERGER SNF
990 039 9 039 i ;) Ojgmody oy
Ol atlion podlls pglee Yo 390 L il
g0 a0 g 005 (sl Lo el £ 5l ondy
SNF & ;5 5l oo angs s [YO] cul ¥
Al go St S5 6l 5 005 (599 D yg—oa
aS gy o8, s L a s 5 plosl a sl b
LS ol e AN ey ] e L5 o e
3B 5 S saS gy a oo Jlws)l ey 5l (e
e BB AlS T o Loy oyl ol oo siges
Ayl glos i WS 5 )5 Cal i j0 g A
oy SNF 8, L ugs oass 4l oledbl 5
P90 oo d ol ol da Wl Ju ST L
Ivol coilos,aé (i @l )3 5l b o dgs pllin

el 555 s 855 1t ki S Sl achy
e (COO) S 52,5 09,5 5 =il &S
9 e

Olg=e4) 9IS maas Joloee il Ol 4 ol
Sl ol S S ol 5 (o5 (5,55 Ly ]
el 00 oolaiwl Vg j0 00l 453

SNF S 1 Lawgs oo ags HPAM oy & JSC%

w5 S alalejl aslllas

yobods aslol o a S el oud solaiwl A sllas 4ol
Aloads 8 e A

Sl

O Jome 218 SVl el G5 po-Laien
a0 ,S eolaiwl —alisee sl S Slil 5l ws,id
Gy o Ve e psi Lid |ess LB oS
FeBll J21s 58 09290 (g SeS 4 SVl
L bie Ol S Opg o iy 0, 00 S j5o
900D 3y 5 g Sy 4 eyl ool
G5 ezge Yo Sty &S > L s
AV JS2) 5 om (gt 53l Sl

00 yid oy 9,0 SVl B, Cua Sy Kb

la S alil (ol (e gled (s j5 ooy
W8S S lee ples J S 5o

Clie

i go 3l Gimgh ol o esliwloye e o
4 598 anrg b oo VD PAPT 4> 3 L 5w

Yoo
VA N
\# \0‘ —— T=rt'C
Tt O —r —r —_
VE-
VY .
“, A =it
™ '\\ cﬁ——~-|——-—-—MT Y_AAC
: | ‘ i
a N . T=fr'C
g A \\' -
______ =fy°
) ey _TotYC
O, =7
= Ottt PSSO bt Coo
Al
; .\.\3 T=vo°C .
Y ¥ # A ) it A

(I$) iy &5

Lmd:.ﬁu)'—l)o oolatwl 850 i pl Se5, A S



VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons -u_)gl",}
’

FENTIUER

)Aalé J}{> g_i.o.)u" 9 WS 6)5.".: L: uT “b)LM: g.J" ‘-"ﬁ" 5o oolaw! Sjy90 Lngh_im‘ de?

o..\j)'l..u J]w

(g/gmol) JsSse &35

Sd o3

Sy (plred ;38 &84

NaCl

(Home 1S

VEV/Y CaCl,

Moo piS

Y

MgCl,

(Moo S0

Yyv/ia

Na,SO,

e 5

V- 0/44

NaHCO,

u_ula )L._w; oo ol 6‘_&)‘5:») Sl 4 A >gf
J—ol> bl o o g0l o Lo i
Hlid g Lo o eSSl o jlaS o, S
Sy Voo w psi g VO °C ol i ay 5

Pgw dla g0 5> podly (82,55

l_g \_j ‘J._u| Y S 4_1>).c O Hyg—ody ’_Q.»-Li ) Gy
x> =l Voojlasilan ped ad>ye 0 0 S (5,55
ol slases Ls o 5,5 (Y PV) I sl
29-bas Lo i (8, 90 slagyg 059 4 wijlw
i (31 o yiaS U g gyl i o 5l S
oy (s Cdz 5 0 0SS ey (59,505 o,
Joe ¥ L) slaiolesl o 0l ials 5
Gl s S 2 Aals g5l L ey
Y 5 lowd i loj!

ol ypld cea Lyoo,ad b 0, S glal slas
psi oaS p ,Lad 0 (YO« + ppm) oS (5,50 L ol
VI eo, 28 i Joa S5 VO C glos gVee-
VY S b ol 3,3 00 ppm o clale U pg
s il Bl el ey Jylne 3,5
CaSls adndy o g omie G B Y e
Gy ol a S C Wl VFD sga > ca a8l sl
4o Jlaie ol (oS 6y L of 5l o iin Jade
monds Jodore 3,55 L o5y 35 dcalol o o, LYA
bl lade g cdl el cosile Sb s lade

el il gl cci A 4 S

slasSes olad 5l w5l je—i Ol 4y sl—
SR PENL P JPE. ) W VY R R PR
20,8 eola_wINaCl o 5l la a8 , o P>
59 00 ool wl gloaSe clale [ Lo ¥ Joo >

el @ Lie sla P>
Do 5 55,155 lls i oslanwloys e (b
S s g 8 5l Sg o) (o5
S G oS, el Bl egla! g U]
S BT g o samline Vo ISUs j0 aS ol ]
S ol sael VY IS o iolesl ol mols
Uy 5 XRD 56T Sl sl Uy i o8 e
¥ Jgors Slasie L b 5l .cawl oo oo yg] ¥
ool L jiolesl plssl (gl 00 i oy & 4 Sges
F Jyos o 00,ib slaryb oyl Slak e o

&P sbews
ol e cess cesls p olusl sla siales] A cgoma
po— 3 p93 J—>lr0 5o merh 35 Jold casllla
Oimlejl a0 il 0 5 655 L Ol Lol ,sa
53 i S8l o o ey kil 5Tl
el b gan aolesl 99 50 5 py—w 4> e
0t 350 o3> Ao yo 50 Gy 0T o ey
Sy Lol o iolesl oles jo.oulazs 5 )1, 8
ad>yo Ly pgd ad> s 9oty ol Lol on o5
00/ 05 69 Ly 2l ) (0 5 9d By po
L og— <[+ D ce/min jody 5,55 =0 ¢ +/) min



Ol on g 00lj S (guge0 v By A il aslllas

Josks Pl OT g 05 6590 b ol el j5i0T ags j0 oo eolaiwl slacSes clale ¥ Jgus

ook Pl 0T jo S (ppm) cdale | oS 6,98 L ol e (ppm) cdale 655k o s (ppm) clale s

V- IR VWY oo

NaCl

YPeoo CaC

Yf-.- MgC

0aS_gy «l)d olasl g e 5 JUT oK s Vo S

O 33 ol m e Hloged VY JSC : ‘

== pgo al> e O LSW G1)50 b pge alope 30 oy G357

¥
¥
I
I
1

(%o) <8l b o3
- =« 4 4 O v < > =

g e \'a Vo Yie A\ A\ral A2 ¥

(fraction) ea 3253 J> glad po>

Y tolesl wead 3,5 Jlw JB slad poe> blie jo e <l LY JSSi

03,8 pls oo dngs o oolatwl 590 dwle ol SIS oS 5 ¥ Jgus

M).)

S ey

AD

Sl

A

Siglils

9

CoedS

SlaS 5 50




VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons -u_)gl",}
’

s,

oo oolel 00,28 ops slaJae plsm F Jeus

S IOIP (cc) ® PV (cec)* K, (Darcy) é3 (%) L2 (cm) D! (cm) 00 pd s digad
<IYY v Y\ & Y/ ¥ YVY/AYA \# A V.
< IYY \a% \YY AFIAIAIN Yanoy \# Ay v
QAR \t4 YO YIYYA Ya/YA \# A v
-IYY A \Y- YINAY YANQ \# A A\
-IYY \A# \YY Y/-¥% YY/AY \# A ol

aS yoboles ol 5, —Sojlasl Ladigei pH (pg—u
i adgr il L ogd ce cmline VO ST o
$o—dg Ol pH oS alasi 5l om slagylo; yo
Sy Gl Ly Sialen oty L i
17 sga> 3l laul cader of pH cl s o0ls
oeals L Salon e g a8b 2ol8l AIVE LS
a8 Y/AY L pH jlaie cocts adgy o3l ag,
Gy s ady 5P Lo Aol o b e
Slas oS Hlade a5 S pH g a 8L oldl
dovhy adal, b ol e sl AYR L
am Jate slogsil 5 oo Lol
P lanesll bal Ly cwl ) sla 5
u,..._a‘)ﬂ pH ‘Jj_l.‘z.a 5o H* Lguuy l_s o) C.'a_w
Clay-Ca **+H,0O— Clay-H'+Ca **+OH" o)

29 Yl o g s e
Lg Ay w—)L‘))T 9 o..\_.»d.».’y LELQA_AT )l_.,.S.,I u_:).,o
e 3l o dg Ol ladiges sl cwow
o S ol s jo (K il 5l ks
P 7S I T Y L SR W O K U PN g W ¥
== > | Brix) o0 LSSl o Ol s
S5 Gl ams o ltd (3 el g 9-b0]
L aS) oy o 595 s oy p Tl 0 V7
Ly = 1Y PV 030l L (8,10 ok bl 5o

Y o lowd di;.gbo)‘i

Gl ey VL glaclile 3t ) ol
Clale Uy yady onilo 3l cii g, a3k
Jome am 05 (5595 L ol Gy 5la Ve o+ ppm
">‘—35) )_i’l.u V'Y LS_») ) Lﬁ—’))" YT oé,_w” ,_w
Wil oo el ol o cca cll g udes il
S S Lo ol 3,5 wwe—b o 0y ol o
30 Gy aalol o g o B AT L et wdgl ez ge
L ol Gy sl ol ceis a8l olie ol
ook 32,5 L ey adgl e UV an ST (6590
2l Cb5b (e g o 8b il 0 ek el
ey ddol Cdi Jlaae TAY 4 cas

PV ST SV S/ S - SN PRGN -1 P A |
r:L';;S‘ A o Lo 00,8 i (59, 6)—?‘.’.‘3 w_,l.c)T
Sr—i Lo ol o 8 sla jiolesl asile lonl o
Gp Ve bl b ey Jodome o 5 o5
sloi,y ol cca 8l Jade VF ISl ol
as )5_10L)L4.® .A_.Q»)Go OLW Po—w 9 ‘njé J_>‘)A
et CBl5h o 09 o omliie VT ST o
Al oo adol @ VP dga > C S aadi jo

sy LAVID 4 iy a8l b e o
S ok g ol gglaex 3o ¥ ol iolesl jo
5 Sy 5l ed g ol o a5 - SIB ladly
9 9O J_'>‘).o o 03— A_Jj.: Mﬁ u_j )_M)LM E.A_AJ



OB g 00l) S (G I

b g al> e 0 LSW 50,5

G5 A 2ol anllas

s Pyl 50 yaly 3

" o= > o

(o) Bl 3l i
TE X P

D o ph

A

[Imclinn)nm@_‘,pﬁjﬁ, clad o=

e Toa ¥re 8 ¥

Y ombesleoads 3,5 Jlw JB slad o> blis jo cuis 2l VY Sl

e 233 al> e 0 LSW 53,5

s g Al g0 50 pasly Gy 3

+ & M = = =

(%o) bl 3l cu pa

b ol \r Vo

Yre Yrd ' T2

(fraction) eud 335 S glad pom

¥ oileslwad 3,5 Jlow JB slad oz blie o cuis cdbL VP JSCs

e ¥ oA VY V8 Y, ¥ YA e s
(fraction) oo &5 JB slad o

2 9l Sy 58y SOl o a5 N8 Sy
Ay U"HL")‘ O G—uy JL._..u (J_]l:- 61—'43 o JALM

L el cpgd ado o O j5o Gy il g0 50
oo gll i o Yoo ppm g 0+« ppm slaclale
o al> o 3 aly )35 0 0nd G ek by
O oled 0 Jedody pady (xlaw Qi ol
i3l anl oo il e Sl wijle ST L )]
ks s )0 e iealS Gel (o A
5 ey &S Lo Al czge 5 05D e
Dl 1o 0gbign g 5 S 3 i 2
Al o Bl 595 Sl akais a5 el ULl

/e V2 Ve V8 Y. . o o

(fraction) ool 32,35 JB Las o

¥ ool 5o (g5 ST pH olois 18 S5

YV PV L 5 godss ©f 6595 oy G35 5l e
Y laie J 8l Ay e 5-\_:La60u_,l_,l_,_,)&_,
Sl i e85l (e )L, L el LS
5 o9—igo ooaldio V7 IS 50 45 55 boles
55— 0 5500 L O Sleads,5 ez 1) PV
‘\PV)‘>5C’_“"\”"‘ppm.>9 &-’]6)9_“)
ol iy £o 0 ppM Sgu> 4 gudgl ol Sy

P93 Ao yo 43 pouly 81,5



VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons -u_)gl",}
’

aS o> ;e B Giobel o .sls il 70 sgas oF
G5 5 s i ey il L
e iz ol (e 8 Gl (s b
Syt Smde ;3l , a5 Cl 0095 (glojlaslay
DS ale o)l ool 5 NS T Ces
a8b ol e aJe (Dl Olie ol ple
RL

PH Ol jis o

=95 2 PH pgd al> o 50 aily 55 Jobo 5o
ojlol g pH 3l ool wl Ly 0 o )lo— i los]
Ol aS s oo lzi VY S b e b a8 F
L g onboo pimldl 5 pH ccss o dgy a8l L
Sy oS 55 PH ks 0y anl38l as, B
5= PH il e a g e S Lo clys o
PH Liml38l slo sovie anlin Ly 09— o0 cadgio
S o, Soaml o lgT o0 V9 V0 sla Sy
O ioleyl 5l i Voo les Lioleyl jo pH i3
ol o

b gt ale a8 ey )P e pges ale e 0 LSW 5,55

(%) <ol 3 s 3
P

i A 18 Yis

(fraction) s 3a,5 JS clad oas

b B sLad g Jolie jo cods el 3L VA S
I\ ‘_,'2._3~Lo)'1 Al 3,

A&

FENTIUER

JB1o a0 e ppm clale b oy Giolojl ol 5o
i ddgi adgy S0k VY IS el 5 awle
oy B ptmlesl o ol e ook cBlsl (li
G oS oo Ll ol Sham 5 VY PV ojlail oy
e ey s B3 oy sl 00
el oo ools Lz VY IS o 5 S
WS adads o e SBb5b e AV 5SS o
5355 s T 5 4 o A5 el IOV 90
Dbl co ,eS TN e D90 (pg Al 0 j0 oS

0 2 lowi ikl

ppm <l U ol Jodome d o)lod Giolejl yo
Gy pod adpe po 00,28 b LSl a, Ve
Ol 9 Sl 3 i gy Sl VA St e
PV ojlosla ol & iolejl jo .ol oo odlsl
ol 00 3,5 oS 8yt L ol o 5o g VY
ahi o ek adbb lme A ISt b
OimlosT a s a8 a_il oo OV dga> S

e 290l ye 30 paily 1337 o pgaw Al o 3o LSW 34450

(%) Sl b i

T e T e e T

iy b AFS V8 Yo AT Tie
(fraction) sas 35,5 J5 sLad oo
Jh B slad g Jolie o o codlsb VY JSmid
F ooyl ot G,

e o

/e

Ve Y/

(fraction) ool 33,5 JB slad ex>

B o,les ub“La)"—l)o ST <! pH Sl s 14 S



OIS0 5 0313 i (gt s

039 ydr O (iles] )3 (Ggiy S, VA U
g oy aw Od > Il doay ey Ll se
Sl il Jdieis b 5o (] ol (8L
s il sl ol g8 9 [ el
el 0asle 90 yady yoyiws 3l z 8

521l il e (el Gl e

bome (ol ey 3205 B oy 8
oals oalo Bl cm yo s mlejl (S
sl plomilon )28 (58 aiged S o (lglS
L oo,m2d (08 Jos gl Sl oms i p0 ) e
oy 4Ll ] (sl e 5 3l j5t
5 ek (=gl g 0t 3 00 - ppm o chale Ly
A R VU I KSR P AR
aolos NYEDa b ol sady lsls o VY w55l
VMY L ol Fye RE=k k) a5k 1 o 5
b iz sy (Sl palS Jale 09 oo
) Jodsie aome 8 9 JHS (ot s g e
G | P OG-S RGN | P PR AT L SR DU S P Y
a o 0 5 F sloiolosl )0 pgs a0 5,5
Cela Y LY sla o]

= .

oS el

co A e > .

e o /e V8 \D

(fraction) oo 53,3 JUB Lad wxo

Mﬂ..\_'ny}Js_b)o”_;)Lmiﬂg_Uz u’l:._alfr\ Js—
I\ ui*—.'.l-")" 0D By 3 JL._,..J Lrll"’ L;L.éép_?o

v Gy S iole;] anlllas

29 Sl pib i
sl bl goasady loac] LSl o
ools Lot V) 5 Yo sl JSi o o gia b 5 F
o 6y iedlS i Vo IS8 ol oais
P LI~ SN B N OGOV BNICON 2 B SO
Sl e ppm e bile Ly, ol iy Jol )
Lale oy e

Ll Yo oo ppm < Syl

F Jls0giman S5 o (AL g oo 00 s
Sebolen A SL VY Sl o saisS Lol
G—5 VPV o0 b oodal i VY SO0 0a s
ppPm dg0> 4 o Jg ol (6 b ol oo
o ¥ ol L aulie 0 aS el oo, A0 v
S 08l By enhy 69,515 Al a4 L
=5l S pgmoas sacl 5 Cl o5 )55 L T
5w e ol 1 S o Loal> 1) ailw j5i0]
el ool )ls 00 8 b5l Sgis O g0y
Cid Sl b ey 5 (59 Sl o alie L

pedad> 0 0 0 S st L olg ol 5,5 50

Ay Lo ;e aS o) aods ool an (oS o

Sy 2 ls

<« 4 o > -

o 8 Ve V8 Y/ Y0
(fraction) ouls 31,5 JB sLas o>
> J—‘-’?‘_J?—"’ 2 55 eSS po ials Ve Sl
¥ ui;_.“l.a)'\ 0 =55 JL._,..: ‘rll:- LgL,é:é o—n>



VI-AY aziso AF+Y jo st 9 315 0 IWe o5lons -u_)p!",}
’

Seos o Jodome G, 5 Jdoar Jsdsve e jo
el a8l palS ey Jode 3,y 5l S8
slagiole;D) pgs ad> o & jgot oy G5 0 Y
L oy e (g olod o anazg L (O 9 ¥
95 (b sk 50 slagm il Wil jei]
6 iy Cah Sl A iilgis g 48l ialS Jodoxe
ol oyl |,

pomms ad>p0 50,35 5 jo-isol pgo Al po 55,0 -F
&= sele 055 a5 pH 2l g5l oy
PRV BRI ‘5';_».:90&7:1 Comwdy éme )_M.:u
sl JSb 0 a5 s boles (ol 00,5
bk e i 09t o cdmline cai o8l 3L
sla byl an caws ¥ L5 ) slaale;l j0 oo
oy 5,55 5l ol Gty moll a A g L -0
S35 i 5915 el (5,515 s Y
masdy (9,515 o) dale Al asdla sl
lon il e il e

ol ga s slacl (5, LSl Ul -7
O Hyo—ody W‘J ‘_g)j_w l_> g_j Gy 5o as AR 0
Lol o YL (s mdaglimel J—do a pgo al> e
..\_...4)69 . |7 03.\_'> a sd_:)); Y PV 399 H}\.\J
ipy ad>yo Sjpody ey 35 0 A S J o
JJ@)_»«.: R_J‘)-~u U—)‘ I\ o)l.o_& u.u_)Lo)—l 5o L.os.«a?m
/4 M)b&)‘wfa)‘m \ PV)")_Z.J).)soéj_g
YL LS)—.E‘J%C‘}J-“ )iLw.) P TPy ;_:\)_U.su NGNSy

FENTIUER

8 5 4o
S g ey Wl e o5 550 L 0l 3
Al e aize oS sl g, 3l oS s Lo
&l bl i ool g bl i S L s o0 aS
o= L 2l G35 by pe sl S5l o Jled
S SR SNSRI [E [T
Jh— =0 S o0 Cad ol ials 5l oola
5 easle Bl cdi yolo ialS o woa S Laal>
13,55] Cwd 4 oo slzmil slaialejl 51 g o |,
ol 3=, adg slwsloges o 4S5 blen -)
Gl8 Gle ¥ e ppm ey O+ ¢ ppm Gl oy
A N TN [ A YAPURA S O ORI
s 5 4Bl 23 sl (55,8 yacly il
il L Az o b oo GEalS (6,0 S 2
S S (968 wg S mlral> el

Lo 0 ol 5l =S Jlafe g o0l Loal>

g 4> 0 Oygods )_4,..1_. Jos—xe Gy o -
Ol eV cble Lyas b b oo clagy

e 13,13 8929 (5Fre S )3 o2 9 (e Sed
9 00— ;o) i (Slmo iy (0B (59,5
Bg—b oo yaaly (o DA g g, 4y
05 ¥ sloagilesl jo cods el e ol e
30wl 0o S Y L) la iolesl an s

H)b 99 (_gL_.QQ% )5_»42.> YL (_gL_mquo)T

&2l

[1]. Bernard, G.G. (1967). Effect of floodwater salinity on recovery of oil from cores containing clays, In SPE
California Regional Meeting, Society of Petroleum Engineers, doi.org/10.2118/1725-MS.

[2]. Buckley, J., Morrow, N. (2010). Improved oil recovery by low salinity waterflooding: a mechanistic review,
In 11th international symposium on evaluation of wettability and its effect on oil recovery, Calgary, 63(5),106-

112 doi:10.2118/129421-MS.

[3]. McGuire, P. L., Chatham, J. R., Paskvan, F. K., Sommer, D. M., & Carini, F. H. (2005). Low salinity oil
recovery: An exciting new EOR opportunity for Alaskars North Slope, In SPE Western Regional Meeting, Society

of Petroleum Engineers, doi.org/10.2118/93903-MS.



Oy Se® g 0013 Sl (GMo - G0y A pBal;l adllas

[4]. Lager, A., Webb, K. J., Black, C. J. J., Singleton, M., & Sorbie, K. S. (2008). Low salinity oil recovery-
an experimental investigationl. Petrophysics-The SPWLA Journal of Formation Evaluation and Reservoir
Description, Petrophysics, 49(01).

[5]. Ligthelm, D.J., Gronsveld, J., Hofman, J., Brussee, N., Marcelis, F., van der Linde, H. (2009). Novel
waterflooding strategy by manipulation of injection brine composition, In EUROPEC/EAGE Conference and
Exhibition, Society of Petroleum Engineers, doi.org/10.2118/119835-MS.

[6]. RezaeiDoust, A., Puntervold, T., Strand, S., & Austad, T. (2009). Smart water as wettability modifier in car-
bonate and sandstone: A discussion of similarities/differences in the chemical mechanisms, Energy & fuels, 23(9).
4479-4485, doi.org/10.1021/ef900185q.

[7]. Bahaloo Horeh, M., Ghorbanizadeh, S., & Rostami, B. (2020). The effect of water-soluble compounds of
acidic crude oil on surface and inter facial tension in low salinity water injection, Journal of Petroleum Research,
29(109). 52-63.

[8]. Alotaibi, M. B., Azmy, R. M., & Nasr-El-Din, H. A. (2010). A comprehensive EOR study using low salinity
water in sandstone reservoirs, In SPE Improved Oil Recovery Symposium, Society of Petroleum Engineers, doi.
org/10.2118/129976-MS.

[9]. Morrow, N., & Buckley, J. (2011). Improved oil recovery by low-salinity waterflooding, Journal of Petro-
leum Technology, 63(05). 106-112, doi.org/10.2118/129421-JPT.

[10]. Han, P., Geng, J., Ding, H., Zhang, Y., & Bai, B. (2020). Experimental study on the synergistic effect
of nanogel and low salinity water on enhanced oil recovery for carbonate reservoirs, Fuel, 265, 116971, doi.
org/10.1016/j.fuel.2019.116971.

[11]. Austad, T., RezaeiDoust, A., & Puntervold, T. (2010). Chemical mechanism of low salinity water flooding
in sandstone reservoirs, In Improved Oil Recovery Symposium, SPE 129767, 1-17, doi.org/10.2118/129767-MS.
[12]. Sohrabi, M., Mahzari, P., Farzaneh, S. A., Mills, J. R., Tsolis, P., & Ireland, S. (2017). Novel insights into
mechanisms of oil recovery by low salinity water injection, In SPE Middle East Oil & Gas Show and Conference,
Society of Petroleum Engineers, 22 (02). 407416, doi.org/10.2118/172778-PA.

[13]. Jerauld, G. R., Lin, C. Y., Webb, K. J., & Seccombe, J. C. (2008). Modeling low-salinity waterflooding, SPE
Reservoir Evaluation & Engineering, 11(06), 1000-1012, doi.org/10.2118/102239-PA.

[14]. Malmir, P., Hashemi, A., & Soltani Solgani, B. (2019). Experimental study of polymer injection on en-
hanced oil recovery from heavy oil reservoirs and determination of optimum injection concentration, Journal of
Petroleum Research, 29(98-3). 120-130, doi: 10.22078/PR.2019.3503.2602.

[15].Kyani, A., & Hashemizadeh, A. (2022). Successful case studies on the use of polymers to EOR by polymer
flooding, Journal of Petroleum Research, 32(1401-1). 24-50, doi: 10.22078/PR.2022.4508.3033.

[16]. Sharma, M. M., & Filoco, P. R. (2000). Effect of brine salinity and crude-oil properties on oil recovery and
residual saturations, SPE Journal, 5 (03): 293-300, doi.org/10.2118/65402-PA.

[17]. Ayirala, S., Bogmi, A., Alghamdi, A., & AlSofi, A. (2019). A designer water process for offshore low salinity
and polymer flooding applications, In SPE Improved Oil Recovery Symposium, Society of Petroleum Engineers,
2019, 1 - 15 doi.org/10.3997/2214-4609.201900094.

[18]. Fjelde, 1., Omekeh, A. V., & Sokama-Neuyam, Y. A. (2014). Low salinity water flooding: Effect of
crude oil composition, In SPE Improved Oil Recovery Symposium, Society of Petroleum Engineers, doi.
org/10.2118/169090-MS.

[19]. Shaker Shiran, B., & Skauge, A. (2013). Enhanced oil recovery (EOR) by combined low salinity water/
polymer flooding, Energy & Fuels, 27(3). 1223-1235, doi.org/10.1021/ef301538e.

[20]. Cottin, C., Bourgeois, M., Bursaux, R., Jimenez, J., & Lassalle, S. (2014) Secondary and tertiary polymer
flooding on highly permeable reservoir cores: experimental results, In SPE EOR Conference at Oil and Gas West
Asia, Society of Petroleum Engineers, doi.org/10.2118/169692-MS.

[21]. Yang, J., Dong, Z., & Lin, M. (2015). The Impact of brine composition and salinity on the wettability of
sandstone, Petroleum Science and Technology, 33(4). 430-436, doi.org/10.1080/10916466.2014.990093.
[22]. Delamaide, E. (2016). Comparison of primary, secondary and tertiary polymer flood in heavy oil-field re-
sults, In SPE Trinidad and Tobago Section Energy Resources Conference, Society of Petroleum Engineers, doi.
org/10.2118/180852-MS.

[23]. Mokhtari, R., & Ayatollahi, S. (2019). Dissociation of polar oil components in low salinity water and its
impact on crude oil-brine interfacial interactions and physical properties. Petroleum Science, 16(2). 328-343.
[24]. Zhao, Y., Yin, S., Seright, R. S., Ning, S., Zhang, Y., & Bai, B. (2021). Enhancing heavy-oil-recov-
ery efficiency by combining low-salinity-water and polymer flooding, SPE Journal, 26(03). 1535-1551, doi.
org/10.2118/204220-PA.

[25]. Farhadi, H., Fatemi, M., & Ayatollahi, S. (2021). Experimental investigation on the dominating fluid-fluid
and rock-fluid interactions during low salinity water flooding in water-wet and oil-wet calcites, Journal of Petro



e? F-3
YV-AY axio NPT S g old g IV oylos @) & g aJlio
09 ykew 9 010 o ) VM/’ B9y

leum Science and Engineering, 204, 108697, doi.org/10.1016/j.petrol.2021.108697.

[26]. Darvish Sarvestani, A., Rostami, B., & Mahani, H. (2021). Polymer-enhanced low-salinity brine to control
in situ mixing and salt dispersion in low-salinity waterflooding, Energy & Fuels, 35(13). 10540-10550, doi.
org/10.1021/acs.energyfuels.1c00871.

[27]. Hashmet, M. R., Onur, M., & Tan, I. M. (2014). Empirical correlations for viscosity of polyacrylamide
solutions with the effects of salinity and hardness, Journal of Dispersion Science and Technology, 35(4). 510-517,
doi.org/10.1080/01932691.2013.797908.

[28]. Lee, S., Kim, D. H., Huh, C., & Pope, G. A. (2009). Development of a comprehensive rheological property
database for EOR polymers, In SPE Annual Technical Conference and Exhibition, Society of Petroleum Engi-
neers, SPE-124798-MS, doi.org/10.2118/124798-MS.

[29]. Atthawutthisin, N. (2012). Numerical simulation of low salinity water flooding assisted with chemicalflood-
ing for enhanced oil recovery, NTNU Open, hdl.handle.net/11250/239817.

[30]. Gao, C. (2013). Viscosity of partially hydrolyzed polyacrylamide under shearing and heat, Journal of Petro-
leum Exploration and Production Technology, 3(3). 203-206.

[31]. Sorbie, K.S. (2013). Polymer-improved oil recovery, Springer Science & Business Media.

[32]. Lotsch, T., Muller, T., & Pusch, G. (1985). The effect of inaccessible pore volume on polymer coreflood
experiments, In SPE Oilfield and Geothermal Chemistry Symposium, Society of Petroleum Engineers, doi.
org/10.2118/13590-MS.

[33]. Ghaleh Golab, E., Riahi, S., Vatankhah-Varnosfaderani, M., & Nakhaee, A. (2019). Synthesis, introduction
and study of the rheological properties of a novel polymeric surfactant and its effect on interfacial tension in dif-
ferent salinity, Journal of Petroleum Research, 29(98-4). 74-88, doi: 10.22078/pr.2019.3659.2670.

[34]. Al-Hamairi, A., & AlAmeri, W. (2020). Development of a novel model to predict HPAM viscosity with the
effects of concentration, salinity and divalent content, Journal of Petroleum Exploration and Production Technol-
ogy, 10(5). 1949-1963.

[35]. Thomas, A., Gaillard, N., & Favero, C. (2012). Some key features to consider when studying acryl-
amide-based polymers for chemical enhanced oil recovery, Oil & Gas Science and Technology—Revue d’IFP
Energies nouvelles, 67(6). 887-902, doi.org/10.2516/0gst/2012065.

[36]. Kumar, S., Tiwari, R., Husein, M., Kumar, N., & Yadav, U. (2020). Enhancing the performance of HPAM
polymer flooding using nano CuO/Nanoclay blend, Processes, 8(8). 907, doi.org/10.3390/pr8080907.

[37]. Almansour, A. O., AlQuraishi, A. A., AlHussinan, S. N., & AlYami, H. Q. (2017). Efficiency of enhanced
oil recovery using polymer-augmented low salinity flooding, Journal of Petroleum Exploration and Production
Technology, 7(4). 1149-1158, doi: 10.1007/s13202-017-0331-5.

[38]. Sheng, J. (2010). Modern chemical enhanced oil recovery: theory and practice, Gulf Professional Publish-
ing.

[39]. Chhabra, R. P. (2006). Bubbles, drops, and particles in non-Newtonian fluids. CRC press.

[40]. Lakatos, 1., Lakatos-Szabo, J., & Toth, J. (1981). Factors influencing polyacrylamide adsorption in porous
media and their effect on flow behavior, Surface Phenomena in Enhanced Oil Recovery, Springer, 821-842.
[41]. Lee, L. T., Lecourtier, J., & Chauveteau, G. (1989). Influence of calcium on adsorption properties of en-
hanced oil recovery polymers, oil-field chemistry, American Chemical Society, 224-240, doi: 10.1021/bk-1989-
0396.ch011.

[42]. Seright, R. S., Campbell, A. R., Mozley, P. S., & Han, P. (2010). Stability of partially hydrolyzed poly-
acrylamides at elevated temperatures in the absence of divalent cations, SPE Journal, 15(02). 341-348, doi.
org/10.2118/121460-PA.

[43]. Rashidi, M., Sandvik, S., Blokhus, A. M., & Skauge, A. (2009). Static and dynamic adsorption of salt tolerant
polymers, In European Symposium on Improved Oil Recovery, Frances, doi.org/10.3997/2214-4609.201404862.
[44]. Moradi-Araghi, A., & Doe, P. H. (1987). Hydrolysis and precipitation of polyacrylamides in hard brines at
elevated temperatures, SPE Reservoir Engineering, 2(02). 189-198, doi.org/10.2118/13033-PA.

[45]. Davison, P., & Mentzer, E. (1982). Polymer flooding in North Sea reservoirs, Society of Petroleum Engi-
neers Journal, 22(03). 353-362, doi.org/10.2118/9300-PA.

[46]. Toulhoat, H., & Lecourtier, J. (Eds.). (1992). Physical chemistry of colloids and interfaces in oil production:
proceedings of the 6th IFP exploration and production research conference, Held in Saint-Raphaél, September
4-6, 1991, Gulf Publishing Company.

[47]. Mishra, S., Bera, A., & Mandal, A. (2014). Effect of polymer adsorption on permeability reduction in en-
hanced oil recovery, Journal of Petroleum Engineering, 2014, 1-10, doi.org/10.1155/2014/395857.

[48]. Ghaleh Golab, E., & Riahi, S. (2022). Evaluation of adsorption of a polymeric surfactant on reservoir rock
in different conditions and its comparison with HPAM, Journal of Petroleum Research, 32(1401-1). 95-107,
doi:10.22078/PR.2021.4383.2988.



Oy Se® g 0013 Sl (GMo - G0y A pBal;l adllas

[49]. Broseta, D., Medjahed, F., Lecourtier, J., & Robin, M. (1995). Polymer adsorption/retention in porous
media: Effects of core wettability on residual oil, SPE Advanced Technology Series, 3 (01). 103—112, doi.
org/10.2118/24149-PA.

[50]. Needham, R. B., & Doe, P. H. (1987). Polymer flooding review, Journal of Petroleum Technology, 39(12).
1503-1507, doi.org/10.2118/17140-PA.

[51]. Lyons, W. (2009). Working guide to reservoir engineering, Gulf Professional Publishing.

[52]. Piderez T, 1. D., Austad, T., Strand, S., Puntervold, T., Wrobel, S., & Hamon, G. (2016). Linking low salin-
ity EOR effects in sandstone to pH, mineral properties and water composition, In SPE Improved Oil Recovery
Conference, Society of Petroleum Engineers, doi.org/10.2118/179625-MS.



