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Introduction

Predicting the amount of oil production from an oil
field is one of the most important indicators in the
formulation of development plans and technical-
economic study of the use of various technologies
during the life of the field. Therefore, a complete
understanding of the processes that increase production
is one of the main goals of researchers active in this
field. One of the main mechanisms for increasing oil
production in carbonate reservoirs is the change in
wettability. A basic understanding of the mechanism of
wettability in three-phase oil-salt water-rock systems,
and its effects on oil recovery coefficient is complex.
It requires a more accurate description of the factors
affecting it [ 1, 2].

The amount of excess oil produced by designed water
injection depends on several factors, including the
chemical composition of the oil and the interactions
between water and oil, the amount of asphaltene in
the oil, and the amount of organic carboxylic acids in
the crude oil. Also, the interaction of the influential
forces at the water-oil contact surface (i.e., attractive
and repulsive forces) affects the volume of water
injected for maximum oil production. A review of the
literature in this regard shows that the physicochemical
properties of the oil, such as acid number, its four main
components, and the interfacial tension between oil
and salt water, are necessary to predict the production
process. Fluid flow velocity, capillary pressure, wetting
of reservoir water relative to oil or water, the surface
tension of different phases, emulsion formation, and
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coagulation of heavy asphaltene particles are strongly
influenced by the combination of oil and water and
their interaction [3, 4]. Also, one of the effects of the
interaction between the oil and water phase in the
presence of carbonate rock can be observed in factors
such as initial wettability. The initial wetting rate of
the reservoir rock is one of the critical factors in the
performance of the designed water injection process
[5]. The polarity of crude oil compounds is due to
heteroatoms such as sulfur, nitrogen, and oxygen,
which are found in functional groups in crude oil
such as asphaltene and resins (acidic and alkaline
compounds). These compounds can significantly affect
the initial wettability [6]. Proper assessment of crude
oil composition is a prerequisite for any successful
low-salt or designed water injection process.

Over the past decade, extensive studies have been
conducted on how the low salinity water or smart
water injection method works in a carbonate reservoir.
In most of these studies, increased oil production from
the studied carbonate plugs has been reported [7-12].
However, inadequate performance or failure of this
method has also been observed in some cases [13-
15]. Although numerous studies have been conducted
to find the reasons for these conflicting results,
ambiguities in this area remain unanswered. In this
study, an attempt has been made to take a closer and
deeper look at the rock-oil-salt water interactions. In
this regard, the chemical composition of oil in the
presence of effective calcite minerals in a designed
water injection process has been studied and analyzed.



Materials and Methods

This study used contact angle tests and spontaneous
imbibition experiments to investigate the effect of ac-
tive ionic compounds in a designed water injection
process. Also, a type of oil with average physical prop-
erties of Iranian reservoirs and two calcite cores have
been used to perform the experiments designed in this
study. This study used calcite outcrops with similar
properties to real ones to test the contact angle mea-
surement. Also, the water used in the experiments was
synthetic prepared in the laboratory.

Results and Discussion

In this study, an experimental procedure has been de-
signed by which the effect of different ions on the wet-
tability alteration process can be analyzed considering
the mechanism of ion exchange and crude oil constitu-
ents' structure.

Measurement of the Contact Angle

The contact angle measurements are performed
through immersion of rock sample in the fluid phase
with higher density, i.e., the aqueous phase, and plac-
ing an oil droplet on it. The contact angle measure-
ment is made by matching the oil/brine profile and
determining the baseline on the carbonate rock sur-
face, and then specifying the tangent line on the three
phases contact point. The arithmetic means of the right
and left captured angles of the stable oil drop on the
surface of the carbonate sample have been introduced
as the final contact angle. The measurement approach
in these experiments is based on the Young Laplace
method. The results indicate that carbonate rock sur-
face contact angle declines over time, especially at the
exposed surface to the injected water. Thus, exposure
of designed water to carbonate rock surface can influ-
ence initial wetting conditions considerably and alter
it to a more water-wet state. Altogether, the designed
water mechanism could be explained by the observed
surface wettability alteration caused by the changes in
surface charge or electrostatic forces

Spontaneous Imbibition (ST) Test

Two spontaneous imbibition tests were designed and
conducted to examine and validate the results obtained
from the contact angle measurement, representing
wettability alteration induced by the designed water
injection. The main goal of the tests was to investi-
gate the effects of ionic compounds in designed water.
The experiments’ results confirm that any changes in
electrostatic repulsion force between carbonate rock
surface and brine/oil will affect the surface wettability
and provide the conditions for the spontaneous imbibi-
tion process.

Conclusions
Experimental results show that designed water can
potentially change the surface wettability to improve
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oil recovery from carbonate reservoirs. However, this
method is very complex, with multiple uncertainties
that depend on variables such as reservoir conditions
and reactions in the rock-brine-oil system interface.
Small changes in any effective parameters can cause
a difference in the functionality of the mechanism.
Therefore, to achieve the proper formulation of de-
signed water, a mechanistic understanding of how
wettability changes in a three-component system of
rock-brine-oil are essential. In addition to paying at-
tention to these parameters, the physical condition of
the reservoir must also be considered. This leads to
the design of injection water for each specific reser-
voir according to its effective parameters. The results
also indicate that the type of mechanism involved in
the rock-brine-oil interaction is very effective on the
wettability followed by the distribution of phases in
the reservoir and the resulting recovery enhancement.
Therefore, conditions must be provided such that they
lead to the formation of a stable film layer on the sur-
face, rich in positive ions. An increase in disjoining
pressure leads to further desorption and deallocation
of crude oil components.

In general, it can be concluded that:

* The results confirm that the three primary conditions
of polar oil compositions, active ionic compounds in
injected water, and stable physical needs of the reser-
voir are necessary to perform a flooding process with
designed water to increase reservoir efficiency.

* Initially, wettability is an influential factor in predict-
ing reservoir behavior in the designed water injection
process.

* The predominant mechanism in this study in de-
signed water injection is the ion exchange mechanism.
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