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Introduction

Enhanced oil recovery is a vital part of oilfield
life. Water injection for pressure maintenance and
increasing sweep efficiency of oil reservoirs has been
widely used in many oil fields around the world . Sea
water, produced water from oil and gas fields, water
from shallow aquifers and surface water sources have
been used for water injection operations [1,2].
Low salinity water flooding (LSWF) has shown
impressive potential as enhanced oil recovery (EOR)
method for both sandstone and carbonate rocks. The
mechanisms proposed for enhanced recovery by LSWF
have been well summarized in [ 1,34]. The mechanisms
include wettability alteration to more water-wet, IFT
reduction, pH increase, ion-exchange, dissolution and
precipitation, salting in, and fines migration. Fines
migration has been proposed as one of the mechanism
for enhanced oil recovery of sandstone rocks [1.,3.5].
Many sandstone formations contain considerable
clay particles attached on the rock grain surface.
Chemical and hydrodynamic perturbation may result
in detachment of attached fine particles. However,
release of fine particles can cause pore plugging and
subsequent severe permeability impairment [6]. Thus,
pore plugging can divert oil to upswept areas which
aids in more oil recovery. Moreover, attached oil to the
fine particles may be mobilized due to fine mobilization
which is attributed to more oil production. However,

Accepted: September/08/2020

role of fines migration for increasing recovery is
controversial and needs more investigations. Some
researchers have reported EOR without accompany
of fines migration while others have observed fines
produced and linked the fines migration to EOR of
sandstone rocks.

Despite many studies, presence of clay particle and
their detachment during LSWF for oil are not well
understood and there is no general agreement for
the role of clay and mechanisms behind oil recovery
for clay rich sandstone systems. Thus, pore-scale
characterization methods are needed to enhance
the detection of microscopic mechanisms such as
fines migration and better understanding of possible
mechanisms [7].

In this Study, detailed visualization experiments
were designed to investigate the role of Kaolinite
clay particles on fines migration and oil recovery by
reducing injected water salinity. 2-D glass micromodel
was prepared and used as flow visualization
media. Single phase (oil-free) displacement of low
salinity water was implemented to confirm the fine
mobilization. To investigate the role of clay mineral
on pore surface, both clean (clay-free) and clay-coated
micromodels have been used to compare the role of
clay in oil recovery experiments. Oil recovery factor
of each scenario was calculated using image analysis.
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Materials and Methods

The clay mineral used in this study was kaolinite
(Zonuz mine, provided by Department of Geology,
Shiraz University) with chemical composition of
ALSi,O,(OH),. Desired concentrations of brine
were made with careful dissolving NaCl (Merck)
with deionized water (DI, zolal company) to prepare
solutions with given salinities (30000, 4000 and 2000
ppm). These solutions were injected as the aqueous
phase in both single phase flow and oil displacement
experiments. The crude oil obtained from an Iranian
large oilfield was used as an oil phase in the experiments.
After coating the micromodel with clay, several PVs of
high salinity water as initial formation water (30000
ppm) were injected into the micromodel, and then
oil was injected until no change in water saturation
was observed and connate water saturation (S, ) has
been obtained. After that, two weeks aging time were
given for possible oil/brine/solid interactions and
establishing the initial conditions. Moreover, single
phase low salinity flooding of clay coated micromodel
was done to monitor fines migration in micromodel in
the absence of oil.

The injection process was as follows: High salinity
brine (30000 ppm) was injected into the oil saturated
micromodel at the secondary mode (24 PV). Then,
low salinity 1 (4000 ppm brine) was carried out as the
tertiary recovery method (24 PV). After that the same
procedure was done for low salinity 2 (2000 ppm) and
DI water in a sequence of lowering brine salinity; i.e.
first high salinity injection, then low slainity 1, after
that low_salinirt 2 and finally DI water were injected
for 24 PV. The imaging of micromodels was carried out
during flooding process using a Canon digital camera
(190 IXUS) and a microscopic camera. Pictures taken
from the porous media of micromodel were analyzed
using the Image-J software, and oil recovery was
calculated as the percentage of the original oil in place
using pixel analysis.

Results and Discussion

Recovery factor of crude oil in clay-coated and clay
free micromodels based on pixel counting the final
stage of each injection scenario compared to initial
conditions (no waterflooding) is shown in Figure 1.
Results indicate more oil ultimate recovery factor for
clay free case. Micromodel with clay-coated surface
has recovery factor from 35.25 to 38.32% while for
clay free micromodel the values are changing from
59.80 to 61.69%.

In order to compare the role of clay in enhanced re-
covery of crude oil during LSWF, normalized recov-
ery factors were used. This indicates what percentage
(relative to the secondary injection) of recovery factors
has changed due to low salinity water injection.

The results of normalized recovery factors shown in
Figure 2 indicate that in the case of clay presence in

the porous medium, the percentage of recovery fac-
tor changes is greater during LSWF and the response
to LSWF is stronger in the presence of clay particles.
One of the main reasons may be fines migration that
has been observed in both single phase and two phase
tests.
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Fig. 1 Comparison of recovery factor during injection of
various brine salinities in clay-coated and clean micromodels
saturated with crude oil.
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Fig. 2 Comparison of normalized recovery factor during
LSWEF in clay-coated and clean micromodels saturated with
crude oil.

Conclusions

Fines migration during injection of low salinity water
for both single phase and two phase flow was observed.
Although clay-free micromodel showed more ultimate
oil recovery factor, clay-coated micromodel showed
more increase in oil recovery than clay-free (clean)
micromodel due to low salinity water injection.
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