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Abstract
Foam is a fluid that consists of water, gas, and surfactant, so that Received: 03 December 2020
its properties are a combination of the two. Water-soluble Accepted: 13 June 2021

surfactant is used to stabilize the fluid. From the late 50s and early PR U -6

60s, foam as a promising technique to control gas mobility and
adaptability to porous media, as well as solving problems such as
finger phenomenon, early gas breakthrough, gravity override, etc.
that are created by gas injection are presented. Applications of
foam injection including: EOR, matrix acidizing, prevention of gas

leakage, repair of aquifer layers, closing the path in the porous Keywords:

medium in order to control the flow and direct it. To understand Foam Injection,

the physicality of this fluid, it has been modeled in the past with Modeling of Foam Flow,
two general techniques of population balance and local EOR,

equilibrium. In this article, these approaches and models are Population Balancing and
explained. Also, a general comparison has been made between Local Fquilibrium

the presented techniques. The population balance pattern, which is Techniques

based on the rules of bubble balance, is classified into two
versions: 1- dynamic texture and 2- local equilibrium. The main
difference between the two versions is in how to obtain the foam
texture. The results show that the local-implicit texture equilibrium
technique requires fewer parameters than the population balance
model versions. Also, due to the algebraic solution of equations,
it takes less computational time in reservoir simulators and is more
useful due to its experimental nature.
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5. Surfactant Alternate Gas

1. Gas Segregation

2. Viscous Instability

3. Fluid’s Autocorrelation Tendency
4. WAG
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Figure 1. Classification of chemical methods|[1].

() (b) ©

Gas Oil Water/Gas 0il (Water+Surfactant)/Gas Oil

* viscous fingering * better sweeping efficiency than GI * better sweeping efficiency compared
+ carly gas breakthrough + less adverse effects compared to GI to WAG
*  gravity segregation (i.¢., gravity segregation, early * less adverse effects compared to
* heterogeneitics cffects breakthrough, viscous fingering, WAG
heterogencity effects)
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Figure 2. Investigation of three methods of EOR]5].
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4. Effective Yield Stress
5. Yield Stress

1. Mobility Reduction Factor
2. Shear Rate
3. Capillary Number
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Figure 3. Pressure drop in a 2-ft sandpacke as a function of gas and water superficial velocities[9].
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Figure 4. Graph of apparent viscosity versus foam quality[18].
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Model
number

(1-1)

Hatziavramidis

et al. model

(1-2)Bertin et
al. model

(1-3)kovscek
and Bertin
model

(1-4) Kam et
al. model

(1-5)Li et al.
model

(1-6) chen et
al. model

Modification K, and/or p',
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Table 1. Proposed models of local equilibrium approach.

Calculation of foam texture

f_

krg = krg X Xp Npoo = %ug"
f_ R g d
g = Hg + ANy D3 (kug) P i,

VDl > [VDlerie

f_ anf 3
Mg =g +—1 oo (180 =2 NE (P:—PC(SW))

”5 f @3 9f P.(S,)
1

kfg ’ k1-2gn krg|Vp|gnU;' . 2
—F = W1 1+ ¢ 2mpe—FR Yw . o
#g Peng g1 ne= [(1 ¢)2k] ( P. ) < §> iffe <Fe

f Ve
k;}g<kﬂ ng=0Iif P. B’

by Mg

no change in kfg

1—Sy —Sgr \® — (% mee _ cryn
ork&:k&(&ﬁ) (c)(Vp) (S = Sw)™ or
f Crny - nf_(c_g)( — Sw)"S, (Vp)™ or
U, =MUg +—7 Cg (Sw—Si\"[ (VP — Vo —Vpo\] .
oTHtT T e g (5 o (22 - (2
g
f Cfnf nf<nfmax
or Hg = Hg +
[(@5 X)
m
s, =S5\’ 5\,
= 2 <5, <
1-5),

“5 > Uy

R |
Hy = Hg,if g < pg

Np = Cpyp if Sgm < Sq < (S5 —€);
S, +e—S

Ny = Cpr (—g p g) if

(S5 —¢)<S, <(S; +e€);

ng=0if S, > (S; +e¢)

XeSy \? . . ,
kS = ko ( g ) ng is obtained solving
rg rg 1 _ SWC 3
f_ ang n*k_|ve|?
‘ug_‘ug+ 1 nf T T 1| fl nf—n*“’=0
v [F k3 [vm|

Reference

Hatziavramidis
et al. (1995)

Bertin et
al.(1998)

kovscek and
Bertin (2003)

Afsharpoor et
al. (2010),
Dholkawala et
al. (2007),
Kam(2008),kam
&Rossen(2003),
Roostapour and
kam (2013)

Li et al. (2006)

chen et al.
(2010)
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Model number

(2-1) Falla et al.
model
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(2-2) chang et al.
model

(2-3) Friedmann
et al. model

(2-4) Ettinger and
Radke model

(2-5) kovscek et
al. model

(2-6)Myers and
Radke model

(2-7) kam et al.
model

(2-8)zitha and Du
model
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Table 2. Proposed models of dynamic texture approach.

Modification K, and/or p",

K, = K.y x X;
yg = U5 + Gonyr/ v,

fo_ Krg
"9 14 bS,

for left behind

I(gf =K.y XX; for flowing foam

U c3
3 ,
Hy = HaKsmyle'* (W) i
g

yg > g for flowing foam
W= g if 1 < g

kly = kg X X;
3 n—1
f_ 2 (Y ;
Hg = ”gngan( g/vref) if
”g > Hy
W= g if 1 < g

Kl = ko, (%)
9 M9\1-s,

o 13
Hw

w=g

”‘g = Wg + Angd; [M

W = ko (ﬂ)g
9 SRV ch
f any
Hg =g +
0

1-5, — S, \¢
kl, = kg, (Xf—w 9’)
1- ch Sg‘r
Cin
uh =g+
3
ug c
f ik
or ly = Ug + U, ]1/3
DS, X;

wWh=0ifr<,
Ty

,ug =,ug+k1u;"‘1+kzu—if‘r>ry

9

Bubble coalescence and Genaration

function

nn .
Rg—Rc=7Lp'lf
Pc*_Pc Z

Pc < Pc* and tfurm < teonw

Ry — R. = 0,otherwise.

np\e117t [ |u, v
Rg=|<1[1+(—f) ] <ﬂ> if—%>1
N Urefl v

gc
Ry = 0, otherwise

Corer) [ Ig] |
R.=k ( Sref) g
¢ an CS UrefZ

v,
1-G2p 517t
— 1 n
R, =k, #vg x 1+(—f)]
n
1+ 10(% ) c
v,
l'f—g >1;
UC
Ry = 0, otherwise
R, = ansz_l/4
Ry = kyug'

R = k_jugns

Ry = klvwvf1 3 where kyis constant or

1= (]

R, = k_,(Cs, P)veng or

P
R, =k° (—C) ven
c 1 P —P. rr
Ry = kyvfv)
R,
2
p w
=k_,; <*C7g> vene without oil;
pcgw - pcgw
z—:l:‘cpf
P,
Rc =k_,S, [ —p |vfnf with oil
14 S
Pg‘pf
Ry = C,(VD)™

or Ry = (48, (Vp)™

or Ry = %9 [erf (%) = erf(i‘/;")]

n
) if S, > Si,

Sw
Re = Ceny (sw Ty

Ry = Kg(nm -n)
R, = Kyn

Reference

Falla et al.
(1998)

chang et al.
(1990)

Friedmann et al.
(1991)

Ettinger and
Radke (1992)

Chen et
al.(2010),
kovscek et al.
(1995)

Myers and
Radke
(2000)

Afsharpoor et
al.(2010),
Dholkawala et
al.(2007),
Kam(2008),
kam and Rossen
(2003),
Roostapour and
kam (2013)

Zitha and Du
(2010)
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Table 3. Presents the models of local equilibrium-implicit texture.

Model number Model discribtion Reference
3-1) Marfoe et
( a)l,model ”g = pg[1 +RCs(Sy — Swe)f (ug) Marfoe et al.(1987)
(3-2)Islamand Ali 5 Hg[1+ Dfe(C)(Sw — Sw)fi (K) + £, (VD) S p—
model Hg = 1+ES2
f
3-3) changetal.  kk
( );c?ég o8 M;g = (kufy + kv )1+ ks Co(Sy = Su)I[L + ka(So = Sor)] chang et al. (1990)
g
kk:g Wy iy Moy
(3-4) Robert and 7 = max (0, S —)
Mack model Hg kvp Robert and Mack (1997)

kly = kpg * FM

- i \% Cs \*
@ S)t N||0har3n|]adl FM =[1+ —Pream ( msax) I~ Mohammadi et al.(1995)
Grell, isels Vpno—foam C
- i *
@ B)r:(l));? Fe Ve =uy —kk‘;w where Ky, = kny(Sw)ls,=s;, Marfoe et al.(1987)
if S, < (S;, —¢) or C;<CO then k[g = kyy
Ky
if (S, —€) <8, < (S, +¢e) and C; = C, then kl, = ——
14 (R 1)(55,‘g Sy &)
2 k
@T)Rossenetal. —irs,, > (si,+ &) and C, > €2, then kfy = =2 Istam and Al (190)
u
R is constant or R = Ryor(—2)7"
Ugref
Sgr is constant or Sy, = Sy, (Vp)

kly =tk xF

(3-8) vassendenand  F = exp|(S; — S,,)S1] + (;—g> Foexp|(S; — S,)S,] when S, = S;
g0

Holt model chang et al. (1990)

F =1whenS, <S¢
chang et al. (2000),

kfg =kyg*FM Computer Modelling Group
(3-9)Stars model i = 1 (2011), Fjeldskaar (2008),
T 1+ fmmob x Fy % F, + Fy + Fy * Fg  Fg x F, Martinsen (1999), Namdar

Zanganeh et al. (2011).
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Figure 9. Matching experimental data with modeling data[11].
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Table 5. Characteristics of rock and fluid and parameters of foam model.
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(c) fmoil = 1.00, floil = 0.40, epoil = 4.0;

(d) fmoil = 1.00, floil = 0.10, epoil=0.1;
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Figure 10. Sensitivity analysis of oil saturation data in STARS software[18].
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Table 6. Optimized parameters used in the model.
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Figure 11. Comparison of laboratory data with simulation data[14].

1. Steep Transition Function

2. Coalescence Effects
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