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Introduction

Fine particles in the porous media which could move
due to colloidal, hydrodynamic, and other forces are
called formation fines. These particles comprise a
wide range of clay and non-clay materials [1]. Unlike
rock matrixes, the fine particles are not attached to the
rock surfaces by cementitious materials, and they are
affected by colloidal attraction forces [2,3].

Some chemical changes in the porous media cause
detachment and migration of the fine particles from
the rock surface. Chemical changes are often caused
by the infiltration and injection of fluids with different
chemical properties from the formation fluid [4].
Also, there are various enhancing oil recovery (EOR)
methods that alter the chemical properties of the
reservoir fluid and cause some formation damages
such as detachment of fine particles [5]. The most
important factors in fine migration are ionic strength
and pH [1-3].

In this paper, the effect of various salts and pH on fine
migration during LSW injection was investigated.
In the first step, four brine composed of four salts
including NaCl, KCl, CaCl,, and MgCl, at 2000 ppm
as low salinity water injected into the saturated sand
pack with formation water. In the second step, pH's
effect was studied. To do this, fluid with different pH
was injected into the synthesized sand pack. Moreover,
the zeta potential of fines surfaces at the four pH 6.5, 8,
10, and 12 were determined.

Accepted: August/28/2021

Materials and Methods
Sand and Clay

In these series of experiments, a sand pack was built
by formation sand with a length of 10 cm and 4 cm in
diameter. The formation sand was purchased from the
Tavan Silice Company. The average diameter of sands
was 350 microns, and based on the XRD analysis, 96
weight percent of the utilized sand was silica.

In addition to the formation sand, 5 wt.% of clay was
used as fine particles in the porous media sample. The
clay used in the sample was a combination of 2 wt.%
illit and 3 wt.% kaolinite, which it was provided by
Pasargad Novin company.

Brine

After building the sand pack, it was saturated by
formation water. Table 1 shows the salt composition
of utilized formation water. Also, for injection Fluid,
several scenarios were applied, and the properties of
injection fluid are indicated in Table 2 NaCl, KCI,
MgCl,.6H,0 CaCl,, Na,SO,, NaHCO,, and distilled
water were used to compose both formation water and
injection fluids. NaOH and HCI were used to alter the
pH of the injection fluid. All salts were purchased from
Merk Company.

Materials and Methods

First, a sand pack was built by formation sand with
two types of clay. Then the sand pack is saturated by
synthesized formation water.



Table 1 The Composition of Formation Water.

Salts g/l
CaCl, 39.32
MgCL,.6H,0 17.064
Na SO, 0.5521
NaHCO, 0.45
NaCl 164.97
Table 2 Properties of Injection Fluid.
Experiment ID Salinity pH
1% run Distilled Water 6.5
2% run 2000 ppm NaCl 6.5
34 run 2000 ppm KCl 6.5
4% run 2000 ppm CaCl2 6.5
5% run 2000 ppm MgCI2 6.5
56100 NaCl- 2000
6™ run CaCl2 6.5
55100 NaCl-1000
7t run MgCl,- 2000 6.5
CaCl,
56100 NaCl- 2000
8" run MeCL, 6.5
56100 NaCl- 1000
9" run CaCl,- 2000 6.5
MgCl,

After 24 hours, different fluid was injected into the sand
pack, and effluent was collected in each pore volume.
The turbidity of the collected fluid was determined.

In addition to turbidity measurements, zeta potential
analysis was applied to outlet fluid of sand pack when
fluid with various pH was injected into the sand pack.
Changing the zeta potential of fine’s surface indicates
the effect of various injection fluid on particles’ surface
potential.

Results and Discussion
Salts’ Effect Analysis

Fig. 1 shows the turbidity of effluents from the sand
pack in each pore volume in different states. As shown
in Fig. 1, when distilled water (DI) was injected into
the sand pack, outlet fluid had the highest turbidity
in comparison with other conditions. The presence
of salts decreases the fluid turbidity sharply. Also, it
could be concluded that divalent salts calcium chlo-
ride, and magnesium have better influences on fine mi-
gration and production.

Results which are shown in Fig. 1 prove that the
more ionic strength of injection fluid is, the less fine
migration in porous media is. Distilled water has the
minimum ionic strength so the amount of produced
particle is maximum. Divalent cations such as Mg™
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and Ca™ have a higher ionic strength than monovalent
cations, K+ and Na+. As a result, less fine migration
was observed when CaCl, and MgCl, salts were
injected. Another amazing result of this study is the
difference between CaCl, and MgClL’s effect. Mg™
has a shorter atomic radius than Ca*?, but effluent has
less turbidity during 2000 ppm CaCl, injection. This
conflict is because of the hydration of magnesium
cations which cause to increase the cations’ radius.

1500 —&— DI water

=)
2 1000 guq e=®==2000 ppm NaCl
£ 2000 ppm KCI
B
-g 200 2000 ppm CaCl2
s

0 —— 2000 ppm MgCl2

1 3 5 7 9 11
Pore volume

Fig. 1 The Turbidity of Effluets in each Pore Volume during
Fluid Injection with Different Salt Composition.

Ca*? and Mg*? Interactions

Another engineers' concern during water flooding is
the simultaneous effect of different salts on fine mi-
gration. For this purpose, in this section, the effect of
magnesium and calcium ions on each other will be dis-
cussed.

Fig. 2 shows the turbidity of the effluents in the pres-
ence or non-presence of MgCl, and the constant con-
centration of CaCl,. When MgCl, is not present in the
injected fluid, the turbidity of the effluent is lower than
in the other case. This difference in salinity indicates
that the presence of Mg™ ion at constant total salinity
reduces the positive effect of Ca™ ion on the control of
fine particle migration.
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Fig. 2 The turbidity of the outlet fluid during injecting Ca*
in the presence and non-presence of Mg*? ions.

Also, in this study, the effect of the presence of Ca*2ions
on the performance of Mg*? ions in the phenomenon of
fine particle migration was studied. Fig. 3 shows the
effect of the presence of Ca* ions on the performance
of Mg* ions. According to Fig. 3, the turbidity of the
output fluid increases with the presence of Ca* ions.
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Fig. 3 The turbidity of the outlet fluid during injecting Mg*?
in the presence and non-presence of Ca™ ions.

pH's Effect Analysis

Although alkaline flooding reduces the residual oil in
petroleum reservoirs, it could cause some formation
damages. In this section, the effect of raising pH on
fine migration in porous media was investigated.

Fig. 4 shows the turbidity tests' results when fluid with
four pH values including 6.5, 8, 10, and 12 was inject-
ed into the saturated sand pack. Results show that pH
has a negative effect on fine migration and intensify
it. When pH is 6.5, the turbidity of effluent is mini-
mum. However, higher pH has more turbidities which
it shows higher fine migration.
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Fig. 4 The Turbidity of Effluets in each Pore Volume during
Fluid Injection with Different pH.

The mechanism of pH's effect on fine migration is
increasing zeta potential of fine particles' surfaces in
high pH. When surface zeta potential increases, the
repulsive forces between particles be greater and fine
detachment occurs more easily [4-5]. Fig. 5. shows the
fine particles' zeta potential at four pH. As shown in
Fig. 5, zeta potential at pH= 6 is -6.73 mV while in
higher pH 8, 10, and 12, fine 's zeta potential is -15.17,
-16.57, and -28.67 mV respectively. These results
completely align with the turbidity tests' results.
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Conclusions

* Fine migration is a serious challenge during LSW
injection into the petroleum reservoirs for EOR.

* The ionic composition of LSW is a critical factor
in fine migration phenomenon and divalent cations
especially Ca*? cause less fine detachment.

» Ca'™ and Mg™ ions have the opposite effect on each
other and the presence of each reduces the inhibitory
effect of the other ion on fine migration.

» Alkaline flooding intensifies fine migration and
formation damage.

* Zeta potential of fine particles' surface goes up with
raising fluid pH and it’s main reason for fine migration
during alkaline flooding.
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