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1. Continuum Liquid Flow
2. Deep-bed Filtration

3. Straining & Interception
4. Squeeze

5. Snap off

6. Viscous Shear

7. Re-entertainment

8. Capturing

9. Soo and Radke
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1. Sand Pack

Archive of SID.ir



Archive of SID.ir

VY-1AY axins AF+) 1 g ol 5 IYY o jlocds

*? &
9&24

s, W

44.5; r:l?u‘ GUU)LM.J Lng uMJLQ)" &9.1 ) salawl d)}o L?t.lM Ja:..?bo Slasie Yl JSJ?

oiabeslojleds | aysl S5 zalesl | (cm) Jsbo | (cm) ylad | (1) Jselss | (D) sl | (co/min) s )35 oo &.)é ;’nL;*’”J‘
| e oS VY YIEVO | FeAD Yo <Y Yeoo
Y oo ligds O VY YIEVO | FVY- \ilg <Y Foono
¥ @5 ook Wil o VY [N fr \ilg -IY VEeren

S5 el 5L gl Sl jLaiedy
Ol 05 0)ly ek g O by e 1 (o (21>
Sy bglies ml an (cmbline (ot basgi (55,
Sle—o 1) geadgal jo oo i ol @3 )
25 gy 50,5 5T GsSg Koo oy
e D 1, SLS el Gle oeSg S
ol )l 3

Sl el olay gl oot 4 lw g gel ¥
Slo plol 1) gy slacus fle—u Ls

Slaie Sl an ol aislw yan—wdgol g Y
S5 el 5L gl Sl jLaiedy
Dy o )ly Lk g ol by e ;o lio (25
byl (ol dn (anbline (e g 655 (2
dmoyd azr L gedgel a Sl a an b ol
Ol g Al el 1,8 gload i sy O
L Sy S o et 5555 L o] ot
S )yg—a Sk D9 o0 4By (9,50 (i L
) el e L (S gt o ) s
bl am Ve min ojlalan (9,05 o2 5l oy
g g0 a8lol Cai a0, dad o, lad g way O
SLb 5l e g 00,8 loy aslol Yo min a8 ol
Lo V0 min Soeds Jhw IS ceds as Ol 5,5
g oo by Lo (ounbliio (3o bwgi pa
Gt 9y o=l Ly oud a3l (ornl (g
Ole—or lamebl Lo g 09— ol SslS ol ¥
53 s ol sl 5T L 1 et slaces
a8y o 3l Ogemedgal ol 55 ol 751 ey o

.09_3

boe Load 50,5 1 sl jotate ren 4
/A WY W C EFWON DUVRN. - B YV R R W S0
ool ol ol Voo pm 5l eS T @l)d ojlaslas
LesT degazo 5 035 Cermgdl SalS 3 oyl o
D23 o, YD om0 gl YW — LS
U el Juil i 3 adiame ol oy e
Ol g o0 sS e 1YL slales aslgn
Gyt S5 i oS iy (Sl atados
ools 1, 8 VA ia ool L il (5,95 ab ]
Sl v 1) i sladils joe ojlal Ls ol
=900 o)lsmd 59 o lg—s Sl sl 5l =5l
S0 Ll ;o Y mm a Lol L leadl> alhaxe
L ol el oo ools il 15 ol o S 4o
b 0> Lol (59, 5l WVl (59,55

sl 00l (6 S ol

Ogadgel 551l

R B e S S Y Sl
el 00 Jlasl g Al leslisé g 5l solaul
Ogedgal slomlan jol8) Jsoz 0 05250 o5
i ae L Vo Y ylonb b ol o coss
Bl b Ggedsel YL 5l e

Slen 1) gedgal jo 0o sy ol @S )
25 gy 50,8 5T GsSng Koo oy
e O |, SIS el Gle oeSwg S
ol I3

Sl jlanl ol pley ot anslw G gal =Y
Slo plal |y gy slacus fleu Ls

Slacie piSTas a ool sl gudgol gz -V

.A_.w).g

Archive of SID.ir



Archive of SID.ir

A 0o g o slo i e

e o JAlSin e 3l (15 Al
Olis 9 00,5 (3,3 atados 4y e lisw slo oo b
ey L 9= oo e O L bt s e
dmlxe 5 ()P (o e L3S 8l g
Ol s=wylo adaly slosla I Ly g jlogad s
=l ol 5l e 9B o0 il e (gl 5
Sygmoty |y (i alizo (Aol il oLl cger
£7C 5y ol lws g osls )18 51> sl 5o 58l
5 il e Al g 3y e s
Ol 29,5 5 6099 d g 0l 5,8 ja sl L
R ool Sles 09— oo o imslej]
g ol 00 00,91 ¥ ISt 0 ool wl 0,9
1y i adaams Tl G5l slagilesl Lol
5 B o> lye 505, 5 glsINaCl Ol
atabons G D9S o0 5 S0l GAbe (gl
Sr—dgal Sl G 5 So—dsol e i
ol 5 09—b o0 gl ool iz SITY- L
et O e 09 o0 dmnilons (inls 6 e
g bl Sl 48 A el st 15 ials

el YU 4355y s ygndgal YL

e Al Sy Sl (g 2

ool ¥ oslas 1) baygdsel (g ol VSt
MBUTJLA)&&_’)M_MU‘)_EBMQSA

3w 5B ol
oald )18 gog0e Ojgmody | il dthdse laol yo
a_lhass QB_””LSQ a_ou 3] OT 090 "_w"’ 6[-%4.\‘& 9
A S oleilb eaily)) by CoBlpSy O jp0a
I3 i g S oS O jgoay b loaails
- Mol a_Liioma aS Sloj g g0 00l W S
Aln o] (oYl g, g 0ad ChBgie ), e
Ao =l G g S ey 4 1) (VL i
) adiiome (ol b 59,5 o by e 9 03,5
J5d55 e oS 0 il w55 O Wl
Smwddy ad> o (ol )0 o (B Lk e
Sy Oeimen g S ataions J5 gl sl el

e LD ‘——{‘—E

JESl adadoea

B335 ey

m.;ssJ_,T&.;,-

M sl ol alomil g eslainl 5550 slfitws Siles ¥ S

Archive of SID.ir



Archive of SID.ir

VY-1AY axins AF+) 1 g ol 5 IYY o jlocds

g ooy i Bl a @ Lz slo wSe dmage J
LN pum a8 L e SOl mgal (gou wlide
2 5l Spgon ) ol Sl dad Sl x> e
B u_’l.e‘.’ o9 OQJJ ‘S’LwL.w )_fadi: )‘ M_MS
‘) 03— ‘S’I—AAJL-AJJ s_:‘)_ES ‘rALoJ IS WY J_:L‘? u_i_>
Slydad plw ajgiasa>g Ly oS o )55
ppm 5 NaCl £+« ppm ol g,54 Loy g —dsal
ool [ |) (_g)‘.\_:l.» u_>).:yla NaZSO4 Voooo
Awd )0 ygeadgol oyl ol o Ve pm LS O
R od)_gl ‘:_wsw)_.ux u‘rjaé)_bﬁ 6_4)9_1
Og—dgel ol )l Sl pliebl L plos oo oy
slaol S 5 imen 0,5 Laolesl yo o1 5
Sly Loy ol oS5 (m sl Gy )0 (5

ol saal £ oo 40 w55l

M S kel
Fed sl S b o Sy 6L_.muiil.4)’—| s

o0 03,51 S iles 5l o 5 S8 sl S S

U

(aasfes Ayl e

=5

g, alie

5 95 P @l s 5l ey 2 Sl e
feoer ppm e lale Ly oyl dmds G-+« ppm
o VFee e ppm el U g ) il Ol g

b S Oyee Ao iolesl Y

ol sl yamdgol (51l (w2
ool sl Uy gl ool 4 0 4 a5 5 boyles
0._:] uj,«_mJ}A‘ 4 coolazul S 9—0 A_JT (5)9_»; )_».».’.» )‘
eSS o Job Y b gilanb Lhccss o
PV WY PPN PRGN | N BDV-Y'U B 1 I A
Lo a9 4 ) 5 Olol 3 (o)
2 Osedsel (b s sel 55 lanly sy o VL
CA_B)f )‘)_3 ool ! Sy9—0 L_,,J)A_J)L__m Lgl_bwal.o)i
I LB slagley jo (slasl e S
Ol 517 gy Lo Dino oSy Ko o wgs g o0l
9 OA.);Q[—A.:AA U&—A| ui’j) u_)‘ l_’ A_.wgo 6)‘0)—?4_)“&
BT Ll Sl & pm L U5 ol s I
u_ua)bod_mwﬁuu"u‘)_laﬁj_'asu_u.ujﬁetaa
SNl e Sl gyl e lize slale; o
5l ypedsal T il S ey b ol Lad , Lad
).:u_wl.».o uwl.o)" 5o ool U—Q} 9 09¢—
)‘)_Q‘r:).: )‘ oola ! l_> )_’SLGJ )_.JL:T ;_QJ- |

2 A\l V8 1. Yo

(5a) b Lo

Archive of SID.ir



Archive of SID.ir

Ol)en 9 o 5lo s ki (gugeo o P S99 Sl (g 2

ol sbye ol s sl Ol coS 5 F Jgus

(mE/L) o lizds b, ol (mg/L) sl ol S g5
YA \YY/. NaCl
VA Y/ CaCl,.2H,0
VYV /Y MgCl,.6H,0
</A o/ KCl
¥/ 10 Na,SO,
< <10 NaHCO,
NN T % T NTI0 P 1 QD YN S
Y
1
2!
&
-]
s oYY ¥ &Y oW YA faY L2

AR s

Bl 0l 31 8 Sglie 5,55 b ol 55T L 5oblw ey i slinasls & JSC

o, oS e e oiadedl —— ligda

(Pam) =2
- =

v—MW—

S vy e Ay ¥
AuFaih aa
Sk ey 3o Dgliie (g8 b ol 5 VL Siodhaw loj s p 5Lid glaools £ K&

g ol 50 Ol ol tad el sl pls 4y o izeen
S o sl oy ol dsl ot 5 b s
3 D90 dmge g 9,3l,5 Csglie yy ade 4y 5L
= aade sl p¥ HLid sl Gl ey o ) b
o 005 o als an g, Lid 555y (59,0
9yt ddy 5l e oS O (6l s poals o

3oy 8 Giedh— 5,88 L8, 0 S
L jloges (ol Gabssly s g ol |y (HSg)le
Sl ad ol o Laialesl —eles gl
Stz oY 595y S5 s5 mel O] Sl b oo
J—dsite o )0 09290 (ygndgal (el
Oge—ed ol GV aly 56 sy J—doas a8lg o .ol

Archive of SID.ir



Archive of SID.ir

VY-1AY axins AF+) 1 g ol 5 IYY o jlocds

4_:5.>L) dl_?)o UMQA‘ J.Axw.» 9 0dd M Y
o=, YL e d g gl ol LSS e
Sl ye (Abdl g i (5 BB A 5S g
ol g Gl ol e a5 Ol b g 5
oo ool i Wlﬂ)] dew B 4O u?a—»u.]}ﬁ‘ 9 Cds
o= ol g 3L 2oL ZPIFO L wijlw ol as
L oylbzds Of a8lg,o o sl cods ao5b
235b Hael ol ccel e o g d gl LSS
C_il'“" rnL,o..a ) l_' ] 0O s J—Jj—'
Sl Ol JeSis &3 VL Jl 550
J.«.Lm) ‘r’uy o)‘l_g U_" O— T‘} ..\_S)b ‘F‘J
) ansl sla s podgel S5 Gl (n i
D g—od ool _in U”")IJGJ? u] chle 5o U‘ﬁ_'gf
St S8l g o)l Sl sl loges 4 am g L
G—F St Ly Sl aS e85 e ply S e
Jlz o=l Lo oolaiwl y3loee oyl 4o 5,5

s Py (& i Lo giales] sl
Ol SHigbf i a5 By ol )51t
o Hlid Sl Jlogas VIS 48 g aloxl
oo ooly lid (S adadome 4 ygudgel (5,5
J—Joas 04 oo canlie a5 o blan ol
ol ol dd Fous 5 Soshbl slaowy
yd Slgi by e 5 LaolS5lS ) ous sy
et D9 oo 0dnl i 5,5 > g0l
S8 ol (gedgal (YL joSms Jdoa
SRS INCCIINE S ) { DS PONDW [V BNV RGN Y WD
i8S L o) (e ot el g jLid eS|
ol ade g, 0 YU ool cas L jlad l;
5 > Sl e (IS 390 e g 4 Soh L]

Jgl ol

*? &
;&_‘7;4

g, alie

Sl Cad e o Lo ygead gl S5 4y
u.o)uc..b g_j ugLa...a L§)5—"" J_J.)d.’ H‘j B
P ot Lo sl g goly S JoS—i3
I S—iobs 5l o Gied—n g )lzs L3,
Sg—is oo 0ddlio &S jobjlen 020 oo lid
009_3 >_!.A.Ja gl_nlf ‘r>9...’>u»)l.: ..\.:)LMJ u] )l_aﬁ)
oals A g, s lomes sSi0be 3 e g

g oa—d ol jLud Sae 5l ey g ailo jLud
Blasl Lps o9 i e cadline ] jo (—olB , oS
5 —kSL als Ol ol 55 50 6°H° —=
Gy ools aalol Ly ataame Lid ili8l loa e
oo oyl ay a5 a1y gl ol acde .ol
A g LaolSels jo ool plo ay ol ) lad _SLSU
Cd oyl sloolFgls jo Lyl some oLzl pls
5 6,id Se b cozge slasl ol ccul L >
s ez 5o ,Lad (LS Al aals
Sy sels e ldmds ol o Ll cwl ou i
el 8 J s S et Ly e 4L
b=y St lys e ) gl ol e
Gl ;53 0B ol cas cedi o O g adgal
ool o0 ploml  LeSS slacens a5 Ll 5l as
Ao omhd Oygoa 1y HLad ol ol ples e
Sid aoli8l ol ol o s ged 9ol Sis
Lo ol golien Ol )55l J—doay ailss oo
poaaidl sl Ly pemedlS” (9 45 Lol 1 (g il
Slgmwy JoSid Sl 0,las 0925 ol 3n Ol jo
Slgmw, 48 Slag poail pwl U Slalgs podS
Syl oy g s wd Loy Of G, p yo Lo
L aS 0,5 (=St Olss o0 a5 cnl ol nle
5ol it o9 bl 53 g it ol CB3S
39 99— dalg old O &l dad (yguwdgal g i

Archive of SID.ir



Archive of SID.ir

Oy Ses g o )lo s a5 e o P S99 Sl (g 2

14 \VAl b YN Y i ¥ &Y
e

(b abizme & gyl 31y e Oloj e LS Sl ¥ IS

S s Sodgel c i 3B godg S S dls

Oge—dsal JS25 plime 690 2B L s e A 5 49l Sy iolesl (6w dw
S do G jlmm 9 48 Al Gl )s 50 las g jaedl Lid )0 Seadgel ci gl
el LSS e 6508 AP L e a7 il O el 5 slec] e o el
=i a6t L Rp 2l ol e g s 5 s S weg iSOl 5 Ly
S 5 dmgl Lo s Ggedoal oSS (Ol o ss L) e ol et o 4y YU
Ot Flie g 8lgy0 Edlo 1) (Dled (e m3ib Ol s ) g S e el g By A ol
i il dm Ol (Fiedh gz bl sl aiing La sl pnl sle eyt
oSz el il ST L ot o5 Ol Gadsal L b s oay 5 coliSE g 5 oslil g0y
) gl slays gadgel o5t by omyieS o ol c L 6l 0l 65t im0 S aiet
Sgmdenlyt i pe il (Sl il g Bl S ) et jlmdnd g cois s O

SLdy y0 R, ol Gy Ol pond ol oolaiul

&y
[1]. Pefia A A (2004) Dynamic aspects of emulsion stability, Ph.D thesis, Houston: Rice University.
[2]. Schramm L L (1992) Petroleum emulsion: basic principles, in Emulsions Fundamentals and Applications in
the Petroleum Industry, Advances in Chemistry Series-231: Washington DC, Chapter 1.
[3]. Pal R (1996) Effect of droplet size on the rheology of emulsions, AIChE Journal 42, 11: 3181-3190.
[4]. Weiss J, Canceliere C, McClements D J (2000) Mass transport phenomena in oil-in-water emulsions contain-
ing surfactant micelles: solubilization, Langmuir 16, 14: 5879-5883.
[5]. Nishimi T, Miller C A (2001) Spontaneous emulsification produced by chemical reactions, Journal of Colloid
and Interface Science, 237, 2: 259-266.
[6]. Walstra P (1990) Emulsion stability, in Encyclopedia of Emulsion Technology Becher, Marcel Dekker, Inc.:
New York, 4, 1-62.
[7]. McAuliffe C D (1973) Oil-in-Water Emulsions and Their Flow Properties in Porous Media, Journal of pe-
troleum technology, 25, 06: 727-733.
[8]. DeZabala E F, Radke C J (1986) A nonequilibrium description of alkaline waterflooding, SPE 11213, SPE
Reservoir Engineering, 1, 1: 27-43.
[9]. Kokal S (2005) Crude-oil emulsion: A state of the art review, SPE Production and facilities, 20, 01: 5-13.
[10]. Tambe D E, Sharma M M (1994) Factors controlling the stability of colloid-stabilized emulsions: II. A
model for the rheological properties of colloid-laden interfaces, Journal of Colloid and Interface Science, 162,
1: 1-10.

Archive of SID.ir



Archive of SID.ir

* . 5
3 . 3 2 W a* §t e . . "
VEY-VOY doio NF+) i g 315 ,5 YT o les u&_/,’z pg3 Allie

[11]. Bryan J L, Mai A T, Kantzas A (April) Investigation into the processes responsible for heavy oil recovery by
alkali-surfactant flooding, In SPE Symposium on Improved Oil Recovery, OnePetro.

[12]. Kumar, Rahul, Eric Dao, and Kishore Mohanty. Heavy-oil recovery by in-situ emulsion formation. Spe
Journal, 17, 02: 326-334.

[13]. Liu Q, Dong M, Yue X, Hou J (2006) Synergy of alkali and surfactant in emulsification of heavy oil in brine,
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 273, 1-3: 219-228.

[14]. Kumar Sanjay T F, Yen George V (1989) Chilingarian, and Erle C. Donaldson, “Alkaline flooding” In De-
velopments in Petroleum Science, 17: 219-254, Elsevier.

[15]. Green D W, Willhite G P (1998) Enhanced oil recovery; society of petroleum engineers, SPE: Richardson,
TX, SPE Textbook Series, 6.

[16]. Alvarado D A, Marsden Jr S S (1979) Flow of oil-in-water emulsions through tubes and porous media,
Society of Petroleum Engineers Journal, 19, 06: 369-377.

[17]. Soo H, Radke C J (1984) Flow mechanism of dilute, stable emulsions in porous media, Industrial and En-
gineering Chemistry Fundamentals, 23, 3: 342-347.

[18]. Schmidt D P, Soo H, Radke CJ (1984) Linear oil displacement by the emulsion entrapment process, Society
of Petroleum Engineers Journal, 24, 03: 351-360.

[19]. Soo H, Radke C J (1984) Flow mechanism of dilute, stable emulsions in porous media, Industrial and En-
gineering Chemistry Fundamentals, 23, 3: 342-347.

[20]. Rezaei N, firoozabadi A (2014) Macro- and micro scale waterflooding performances of crudes which form
w/o emulsions upon mixing with brines, Energy and Fuels Journal, 28: 2092-2103.

[21]. Soo H, Radke C J (1986) A filtration model for the flow of dilute, stable emulsions in porous media—I.
Theory, Chemical Engineering Science, 41, 2: 263-272.

Archive of SID.ir



Archive of SID.ir

Petroleum Research
Petroleum Research, 2022(June-July), Vol. 32, No. 123, 29-30
DOI: 10.22078/pr.2021.4393.2994

Macroscopic Investigation of Injected water
Salinity on the Production of Emulsion QOil
Reservoirs

Mahdi Nazari Saram* and Pourya Malmir

Petroleum Engineering Department, Engineering Faculty, Islamic Azad University, Tehran, Iran
mah.nazari_sarem@jiauctb.ac.ir

DOI: 10.22078/PR.2021.4393.2994

Received: February/11/2021

Introduction

Polymer flooding is one of distinguished EOR methods
which enhances oil recovery through reduction of
mobility ratio [1]. As polymer was added to the
water, the displacing phase mobility is reduced, and
thereafter, the displacing sweep efficiency is modified
[2]. The results of recent researches showed that
polymer flooding can reduce the residual oil saturation
which is trapped after water flooding [3].

Hydrolyzed polyacrylamide (HPAM) is one of
polymers which is widely applied in as a chemical
EOR agent [4- 6]. However, the recent researches are
focused on new polymers which are tolerant at high
salinity and high temperature conditions [7, §]. The
applicability of polymer EOR in heavy oil reservoirs is
not well addressed. This research is aim to investigate
the application of a new polymer to enhance oil
recovery in heavy oil reservoir at high salinity-high
temperature condition.

Materials and Methods

FLOPPAM3630 from SNF was used as the polymer
in this study. The polymer makeup solution was
the formation water with the TDS of 200000 ppm.
The stability of polymer solutions was checked by
rheology test for 7 days. The crude of one of Iranian
oil reservoir with API of 200 and viscosity of 2100 cP
was used. The applicability of FLOPPAM3630 as an
EOR method was studied through sandpack flooding
at 400 °C.

The sand pack is fabricated by quartz glass beads with

Accepted: September/12/2021

the purity of 99%. The sand pack is firstly saturated
with reservoir brine. Then, oil is injected to the
sandpack to obtain the connate water saturation state.
Reservoir brine is injected to the sandpack over 1.5
PV. Finally, polymer solution is injected as tertiary
EOR agent to the sandpack for 2 PV.

Results and Discussion Stability Tests

The stability of polymer solutions with concentration
of 500, 1000, 1500, 2000, 3000 and 4000 ppm were
studied as a function of shear rate, temperature and
time. The results showed that polymer solutions had
good stability at high shear rate conditions. At the time
of test, we increase temperature from 200 C to 700
C, but we did not see any significates in the solutions
viscosity and thermal stability of samples, temperature
increase from 200 C to 700 C did not affect on
solutions viscosity which thermal stability of samples.
The thermal stability of polymer solutions for 7 days is
shown in Figure 1.

Sheet rate(1/Psi}

H] 4 s L
Time(day)

=500 pm 1560 pm 2000 pm === 3300 i ==8=m BO0D (P 8= 1000 pm

Fig. 1 Shear rate vs. time of polymer solutions.
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Polymer Flooding Tests

Based on the results of rheology tests, solutions of
500, 1000 and 2000 ppm were selected for flooding
tests. In Figure 2, the results of polymer flooding are
shown. As it is shown in the figure, secondary water
flooding had recovery of about 30-40%. Injection of
polymer enhances oil recovery. Injection of 500 ppm
polymer solution increased the recovery as 29%. The
oil recovery increased about 40 and 43% for the case
of 1000 ppm and 2000 ppm polymer solution injection,
respectively.

This showed that 1000 ppm solution was the optimum
concentration in both recovery and economical
points of view. Also, the results of this study showed
the potential of polymer to enhance oil recovery in
samples saturated with 2100 cP oil.

—4—500 ppm —#—1000ppm —&—2000ppm

09
08
0.7
0.6
0.5
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03
0.2

0.1
0 0.5 1 1.5 2 2.5 3 3.5
Injected PV

Fig. 2 Recovery factor as a function of polymer concentration.

Conclusions

Application of a new polymer to displace 2100 cP
oil at high salinity condition was investigated in this
study. The results showed that polymer solutions had
stability versus temperature, shear rate and time. The
results of polymer injection tests showed that tertiary
injection of 1000 ppm polymer solution increases re-
covery of about 43% after water flooding. The results

of this study approved the potential of polymer injec-
tion as an EOR method in heavy oil reservoirs.
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