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1. Fine Migration
2. Multicomponent lonic Exchange
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1. Salting-in
2. Intermediate Wettability
3. Water Wet
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1. Residual Oil Saturation
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Introduction

Over the past decades, water flooding injection has been
used repeatedly as one of the most effective methods
to increase oil recycling. In general, the purpose of
any water injection into the tank is to achieve the
maximum amount of oil recycling. Water injection into
reservoirs has a long history in the oil industry, with
the first water injection in 1865 in Pitol, Pennsylvania
[1]. In the past, flooding was considered merely as a
mechanical method to increase pressure and increase
oil production, and the chemical properties of injected
water and its effect on oil recycling were not studied
[2], as only the total amount of suspended solids (TSS)
and compounds organic water for injected water [3].
The importance of studying water injection in the
second and third stages of oil extraction from carbonate
reservoirs is important in several ways. First, more
than 50 percent of the world's proven oil reservoirs are
carbonate reservoirs [4,5]. The second aspect of the
importance of studying water injection in carbonate
reservoirs is related to the structural properties of this
type of rock. Therefore, in carbonate reservoirs, due to
the low porosity and permeability and oil wet nature
of the rock surface, the injected water passes through
the cracks in the reservoir, preventing spontaneous
intrusion into the matrix network, where most of the
oil is located. The recovery factor in these reservoirs is
very low and on average, the amount of oil extracted
from them is less than 30% of in situ oil.

The spontaneous vaporization process, which is the
main mechanism of production from oil reservoirs, will
only work in rift carbonate reservoirs if the reservoir

Accepted: November/02/2021

rock wettability becomes water wet. In addition to
the wettability conditions of carbonate reservoirs,
the ratio of viscosity of injected water and formation
oil in determining the mobility of oil trapped in the
porous media is very important, because the relative
permeability of water and oil in these reservoirs are
usually close to each other. In most cases, differences
in the mobility ratio of water and oil will reduce the
efficiency of water injection. To solve this problem,
mobility is improved by reducing the ratio of oil to
water viscosity or increasing the relative permeability
of oil to water.

The aim of this project is to investigate the effect of
concentrations of magnesium, sulfate and calcium ions
in the smart water injection process on the oil recovery
coefficient from carbonate reservoir in two phases,
which are:

Phase 1: Preparation of smart water by changing the
concentration of magnesium, sulfate and calcium ions
to investigate their effect on the recycling rate.

Phase 2: Injecting smart waters with different
concentrations prepared in the first phase into the core
and obtaining the final recycling rate.

Materials and Methods
Core Flooding Test

This device includes injection pressure supply pump,
water and oil tanks, core holding chamber, piston
and jack rail with oil suction system, temperature
controller, pressure and temperature measuring sensors
and computer display system. Fluid tanks or chambers
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are connected to each other by means of high-pressure
metal lines through which the fluid passes. Figure 1|
shows a schematic of a flooding device used for core
injection tests.

Steps of Injection

To perform the injection test on the core, first, the core
is rinsed with a soxhlet device and after drying, the air
inside the pores of the core is removed using a vacuum
pump for 3 hours. To bring the core to saturated water,
crude oil is injected with a flow rate of 0.1 cc/min and
after two weeks of storage at temperature of 75 °C at
three times, the volume of pore volume, the core is
ready for flooding with the designed solution. After
injecting smart water, the amount of oil output is
measured.

Results and Discussion

For amore detailed study, we draw the graphs related to
the final recovery coefficient of the oil produced related
to the various smart waters used in this research. As
mentioned earlier, smart water 2 is obtained by diluting
smart water No. 1 to 0.1, so we plot the final recovery

Gas flow meter

factor for these two waters in a graph. Figure 2 shows
a comparison of the final oil recovery coefficient in
the injection of double distilled water and intelligent
water 1 and 2. As can be seen from Figure 2, the lowest
oil recovery factor is related to the injection of double
digtilled water. Smart water No. 1, which contains
dual-capacity and single-capacity ions, has the highest
oil recovery factor. One of the main production
mechanisms in the process of smart water injection is
to change the wettability of rock from petroleum to
hydrophilic. It should be noted that intelligent water-
soluble ions use different mechanisms to change
the wettability of rock. For example, increasing the
concentration of divalent ions and decreasing the
concentration of NaCl in water increases the recovery
of oil from carbonate reservoirs. As shown in Figure
2, the recycling coefficient of smart water 2, which
is actually diluted smart water 1, is higher than the
recycling coefficient of double distilled water, but less
than the recycling coefficient of smart water 1, which
can be attributed to the reduction of dual-capacity ions
in smart water ratio 2 to smart water 1 known.
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Fig. 1 Schematic of the flooding device used for injection tests into the core [6].
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Fig. 2 Recovery factor in term of pore volume in the injection
of double distilled water and smart water 1 and 2

Figure 3 shows a comparison of the final oil recovery
factor in the injection of double distilled water and smart
water 3 to 6. By comparing the final oil recovery factor of
smart waters 4, 5 and 6 with the final oil recovery factor
of smart water 3, it can be concluded that by increasing
the concentration of Mg*, SO, and Ca* ions, the final
oil recovery factor in carbonate rocks increases. Also, by
comparing the final oil recovery factor of smart waters 4
to 6, it was found out that increasing the concentration
of calcium ions had the greatest effect and increasing
the concentration of sulfate ions had the least effect on
the oil recovery factor. To justify the lower efficiency
achieved by increasing the sulfate ion concentration, it
can be pointed out that increasing the oil recovery factor
by this is effective when the amount of divalent ions
(such as calcium and magnesium) increases as well.
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Fig. 3 Recovery factor in term of pore volume in the injec-
tion of double distilled water and smart water 3 to 6.
According to laboratory data, the change in wettability
is the main reason for improving oil recovery in the
presence of these ions. According to this hypothesis,
sulfate ions are adsorbed on the rock surface and change
the surface charge. Therefore, it causes the separation
of carboxylic acid compounds of crude oil absorbed
on the reservoir rock and changes the wettability of the
reservoir rock. Also, the presence of cations such as
Mg™ and Ca™ in the injected water can cause changes
in the wettability conditions of carbonate rocks [7].

Conclusions

The experiments performed in this research are to
investigate the possibility of using smart water to
increase the harvest from carbonate reservoirs. In
the process of injecting smart water into carbonate
reservoirs, it is tried to change the salinity of the
injected water and its ionic composition to affect the
interactions of water, rock and oil and increase the oil
recovery coefficient of this type of reservoirs. The most
important results obtained from the experiments are:
1. In all flooding experiments, the rate of recycling
of intelligent water containing dual-capacity ions is
higher than that of double-distilled water containing
no ions.

2. Diluting all the ions in smart water to a certain
extent reduces the oil recovery factor (comparing the

Petroleum Research, 2022(February-March), Vol. 31, No. 121

oil recovery factor with smart water injection 1 and 2
is proof of this conclusion).

3. Increasing the concentration of calcium, magnesium
and sulfate ions in smart water separately increases the
oil recovery coefficient.

4. Calcium ion has the most effect, and sulfate ion has
the least effect on recovery factor.
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