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2. Potential Determination Ions (PDIs)
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1. Inductively Coupled Plasma-optical Emission Spectrometers
2. Aging
3. Sand Pack
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Introduction

Water flooding (formation water) is traditionally used
to raise and maintain reservoir pressure above the
bubble point of crude oil, to enhance sweep efficiency
and produce oil by taking advantage of viscose force
[1]. Recently, some researchers showed that reducing
the injected water salinity or altering water composition
can improve oil recovery from Berea sandstone [2].
Oil recovery from carbonates can be improved either
by lowering salinity (low salinity water) of injection
water or modifying composition (engineered water) of
injected water [3]. There are lots of experimental study
in the literature that suggested (up to 25 times) diluted
sea water is more efficient to improve oil recovery
from carbonates than the formation water and sea
water [4].

In literature, wettability alteration of rock surface to
more water-wet is extensively accepted as a primary
reason of improved oil recovery during LSWI [5].
Although, almost all researchers agree that low salinity
water flooding can improve the wettability of the rock,
the primary mechanism of wettability alteration in
carbonates is not fully understood. Multicomponent
ionic exchange (MIE) firstly proposed by Austad and
co-workers in chalk cores is more accepted mechanism
of enhanced oil recovery during LSWI in carbonates
[6]. However, some researchers suggested other
mechanisms such as mineral dissolution | 7], expansion
of electrical double layer [8], and fine migration [9].
In the first step of this study, the flotation technique was

Accepted: July/27/2021

employed to evaluate the wettability alteration ability
of different brines. After that, the core flooding tests
were performed using the candidate brines. In order to
obtain further insight into governing mechanisms, the
effluent brine from core flood was chemically analyzed
using Chemical elements analysis, ICP-OES method.

Materials and Methods

Crude oil of Bangestan Reservoir in Iran was used in
this study. At 28 °C, the oil density and viscosity are
0.874 g/cc and 14.2 cp. The results of SARA analysis
show that the crude oil contains a considerable amount
of asphaltene around 0.58 wt %.

The brines used for experiments are based on the
composition of Persian Gulf sea water and the
formation water.

Sand pack Construction

Experiments were performed using two minerals of
calcite and anhydrite from underground geological
layers. In this study, the dry sand pack approach was
employed for sand pack constructions. Core holder of
2.4 cm in diameter and length of 10.58 cm was used in
core flooding experiments. The average porosity and
permeability of constructed sand packs were 20.9 %
and 58.1 mD respectively.

Modified Flotation Test (MFT)
In this experiment, 1 g of rock was aged with
formation water and crude oil respectively. After that,



the considered brine is added into the test tube and
gently shaken several times during the day. The water
phase was filtered and the filter cake was dried until
constant weight. The amount of oil-wet particles was
calculated by the difference between the initial weight
of rock and weight of filter cake.

Core Flooding and Ion Analysis

After measuring brine permeability, the sand pack was
flooded with crude oil to bring the core to connate water
saturation or initial oil saturation. The experiments
were carried out at 28 = 1 °C. The flow rates of 0.25 cc/
min, 0.5 cc/min, and lcc/min were used to inject each
brine. The effluent samples were collected to analyze
ion composition of the effluent brine.

The effluent brine was analyzed for Na*, Ca*?, Mg"
and SO, ions using Chemical elements analysis, ICP-
OES method.

Results and Discussion
Modified flotation technique (wettability)

Figure 1 shows the results of flotation test for an
extensive range of brines. Error bars display +7%, the
experimental uncertainty associated with the MFT in
this study.
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Fig. 1 Comparison of wettability alteration caused by different
brines synthesized from formation brine and sea water.

Average water-wet grains

The general conclusions from these tests are as follow:
For both formation and sea water, water-wetness of the
rock was increased as salinity decreased. This could be
due to low salinity water effect.

Low salinity water effect of sea water was more
effective than formation water because sea water
contains more amount of PDIs.

The brines FW, SW, 10dSW, and 25dSW were selected
for core flooding experiments.

Core Flooding

In this study, three core flood experiments were
performed at 28 °C. Each brine was injected at three
rates of 0.25 cc/min, 0.5 cc/min, and lcc/min. Sand
pack 1 was used for formation brine injection in order
to obtain the base case recovery information. In the
second flood test, formation water, sea water, and
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diluted sea water were injected. The main goal of this
test was to investigate if sea water and low salinity
brines (10dSW and 25dSW) can extract additional oil
compared to formation water. The strong performance
of 25dSW in before test led to further investigation.
sand pack 3 was employed for secondary mode flood
of 25dSW.

The results of core flooding experiments indicated that
FW in secondary mode produced 59.7 % of OOIP, then
brines SW, 10dSW, and 25dSW injected in tertiary
mode after FW extracted 3.2 %, 0.9 %, and 4.9 %
extra oil production. Brine 25dSW in secondary mode
produced 71 % of OOIP which is considerable.

To get more insight into chemical reactions and
governing mechanisms of wettability alteration,
effluent brine of core flood 3 was analyzed for
Na’, Ca™, Mg™”and SO, Ions using an ICP-OES
instrument. During 25dSW, Ca™ and SO,? effluent
concentrations are much higher than injected slug that
indicates strong interactions and mineral dissolution in
this case. The gap between normalized concentrations
of Ca™ and SO, ions shows that not only anhydrite but
also calcite was dissolved. These in situ generation of
Ca™ and SO, (PDIs) accelerate the multicomponent
ionic exchange reaction on rock surface, and thereby,
wettability alteration and improved oil recovery.

Conclusions

A wide range of LSW and EW were examined for
wettability alteration using modified flotation technique
(MFT) proposed by Mwangi et al. the candidate brines
were used in core flood experiments. Three core flood
tests were performed to examine the effectiveness of
the selected brines in different core flood experiments.
The injected brine for each test was as follow: core
flood 1: FW, core flood 2: FW-SW-10dSW-25dSW,
core flood 3: 25dSW. The main conclusions of this
study are as follow:

The 25dSW, SWONaCl, and 2S-SWONaCl were the
most effective brines to modify the wettability state of
the rock.

The ions Ca™ and SO, were recognized as potential
determinations ions in this study.

Multi-component ion exchange and mineral
dissolution are responsible for wettability alteration to
more water-wet.
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