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Introduction

One of the main mechanisms for recovery factor
enhancement in carbonate reservoirs is known as
wettability alteration. Wettability analysis in an oil-
brine-rock three-phase system and its effects on oil
recovery factor is so complex that requires a more
detailed description of the effective factors. The
molecular interactions between three constituent phases
give rise to many compounds with different chemical
and physical properties [1]. The carbonate rock
surfaces are naturally water-wet and positive charged
in a wide range of pH [2]. Therefore, the aqueous
layer over the rock splits and organic compounds are
adsorbed instead. As a result, adsorbed compounds
turn the surface more oil-wet [3-5]. Thomas et al.
investigated the rock type effect [6]. They reported that
organic components in organic and aqueous solvents
could easily be adsorbed on carbonate rock surface
and induce wettability alteration. Fatty acid could also
be irreversibly absorbed from aqueous solutions to
the rock surface. The surface wettability may become
strongly oil-wet as a result of these interactions.
Electrostatic interactions between carbonate rock
surface-brine system and oil-brine system make the
brine layer thin and so unstable that adsorption of
organic compounds to carbonate rock surface will be
predictable. Therefore the oil recovery factor will be
significantly low in this condition [7]. In other words,
oil extraction from carbonate reservoirs that have
already become oil-wet would be difficult due to the
remarkable bonding energy between the heterogeneous
carbonate surface and polar components in crude oil

Accepted: December/11/2021

[8,9]. This phenomenon can be problematic in the
oil production process. Therefore, it is necessary to
enhance the recovery using novel methods considering
specific structure and condition of carbonate reservoir.
The water-based methods such as smart water are
the most common treatment in reservoirs which
use chemical additives to enhance wettability. The
efficiency of a smart water injection process into the
reservoir mainly depends on natural characteristics
of constituent formation such as lithology, initial
wettability, porous media properties such as pore size
distribution, as well as other physical and chemical
conditions of the reservoir rock. A reaction on the
rock surface can improve the water-wetness of the
carbonate reservoir rock, alter the distribution of
phases in the pores, increase the oil phase mobility,
and finally, improve the oil recovery. Effective
parameters such as temperature, initial wettability,
polar groups relative abundance of crude oil and active
ionic compound content of formation water can clarify
the smart water injection performance in oil recovery
factor enhancement [10].

So far, extensive studies have been conducted on how
the low salinity water or smart water injection method
works in carbonate reservoir. In most studies, the
results have shown an improvement in oil recovery
from such reservoirs [11-16]. However, the failure of
this technique cannot be considered in several studies
[17-19]. Despite extensive studies on this subject, many
ambiguities remain about this method. Therefore,
careful study of the effective factors in this method
is necessary and important. In this study, an attempt
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has been made to take a closer look at the interactions
that have occurred in the rock-oil and brackish water
system. In this study, while considering the effect of
active ionic compounds on the rock surface, it tries
to investigate the factor of active ionic compounds in
smart water.

Materials and Methods

In this study, in order to investigate the effect of
ionic active compounds in a smart water injection
process, contact angle test and spontaneous imbibition
measurement experiments were used. Also, to perform
the experiments designed in this study, a type of oil
with average physical properties of Iranian reservoirs
and two calcite cores have been used. In this study,
calcite outcrops with similar properties of real ones
were used to test the contact angle measurement.
Also, the water used in the experiments was synthetic
prepared in the laboratory.

Results and Discussion

In this study, an experimental procedure has been
designed by which effect of different ions on the
wettability alteration process can be analyzed
considering the mechanism of ion exchange and crude
oil constituents’ 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 placing
an oil droplet on it. The contact angle measurement
are made through matching the oil/brine profile and
determining the baseline on the carbonate rock surface
and then specifying the tangent line on the three phases
contact point. The arithmetic mean of the right and left
captured angles of the stable oil drop on the surface
of the carbonate sample has been introduced as final
contact angle. The measurement approach in these
experiments is based on the Young Laplace method.
The results indicate that carbonate rock surface
contact angle declines over time, especially at the
exposed surface to the injected water. Thus, exposure
of smart water to carbonate rock surface can influence
initial wetting conditions considerably and alter it to
a more water-wet condition. Altogether, smart water
mechanism could be explained by the observed surface
wettability alteration caused by the changes in surface
charge or electrostatic forces

Spontaneous Imbibition (SI) Test

To examine and validate the results obtained from
the contact angle measurement which represents
wettability alteration induced by smart water injection,
two spontaneous imbibition tests were designed and
conducted. The main goal of the tests was to investigate
the effects of ionic compounds in smart water. The
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results of experiments confirm this claim 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 imbibition process.

Conclusions

Experimental results show that smart water has a very
good potential to change the surface wettability in order
to improve oil recovery from carbonate reservoirs.
However, this method is a very complex technique
with multiple uncertainties that depends on various
variables such as reservoir conditions and reactions
that occur in the rock-brine-oil system interface. Small
change in any of the effective parameters can cause
a change in functionality of mechanism. Therefore, it
seems that in order to achieve the proper formulation
of smart water, a mechanistic understanding of how
wettability changes in a three-component system
of rock-brine-oil is essential. In addition to paying
attention to these parameters, the physical condition
of the reservoir must also be considered. This leads to
the design of injection water for each specific reservoir
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
surface, rich in positive ions. 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 presence of active ionic
compounds in the injected water as well as the stable
physical conditions of the reservoir are necessary to
perform a flooding process with smart water in order
to increase the efficiency of the reservoir.

* The predominant mechanism in this study in smart
water injection is ion exchange mechanism.

Financial Interest
Notes: The authors declare no competing financial
interest.

Reference

1. Drummond C, Israelachvili J J JOPS (2004) and
Engineering, Fundamental studies of crude oil—
surface water interactions and its relationship to
reservoir wettability, 45, 1-2: 61-81.

2. Gomari K R, Hamouda A A (2006) Effect of fatty
acids, water composition and pH on the wettability
alteration of calcite surface. Journal of petroleum
science and engineering, 50, 2: 140-150.

3. Buckley J S, Bousseau C, Liu Y J S J (1996)
Wetting alteration by brine and crude oil: from

Archive of SID.ir



Archive of SID.ir

Petroleum Research, 2022(April-May), Vol. 32, No. 122

10.

I1.

12.

contact angles to cores, 1, 03: 341-350.

Legens C, Toulhoat H, Cuiec L, Villieras F,
Palermo T (1998) Wettability change related
to the adsorption of organic acids on calcite:
experimental and ab initio computational studies,
in SPE Annual Technical Conference and
Exhibition, Society of Petroleum Engineers.
Morrow N R, Lim H T, Ward J S (1986) Effect
of crude-oil-induced wettability changes on oil
recovery, SPE Formation Evaluation, 1, 01: 89-
103.

Thomas M M, Clouse JA, Longo JM J C g (1993)
Adsorption of organic compounds on carbonate
minerals: 1. Model compounds and their influence
on mineral wettability, 109, 1-4: 201-213.
Hirasaki G, Zhang D L J S J (2004) Surface
chemistry of oil recovery from fractured, oil-wet,
carbonate formations, 9, 02: 151-162.

Lager A, Webb K J, Black C J J, Singleton M,
Sorbie K S (2008) Low salinity oil recovery-an
experimental investigationl, Petrophysics-The
SPWLA Journal of Formation Evaluation and
Reservoir Description, 49, 01.

Seccombe J C, Lager A, Webb K J, Jerauld G,
Fueg E (2008) Improving wateflood recovery:
LoSalTM EOR field evaluation, In SPE
symposium on improved oil recovery, OnePetro.
Fathi S J, Austad T, Strand S (2011) Water-based
enhanced oil recovery (EOR) by “smart water”:
Optimal ionic composition for EOR in carbonates,
Energy and fuels, 25, 11: 5173-5179.

Austad T, Strand S, Hegnesen E J, Zhang P (2005)
Seawater as IOR fluid in fractured chalk, In SPE
international symposium on oilfield chemistry,
OnePetro.

Ligthelm D J, Gronsveld J, Hofman J, Brussee
N, Marcelis F, van der Linde H (2009) Novel
waterflooding strategy by manipulation of
injection brine composition, In EUROPEC/EAGE

13.

14.

15.

16.

17.

18.

19.

conference and exhibition, OnePetro.

Webb K J, Black C J J, Tjetland G (2005)
A laboratory study investigating methods
for improving oil recovery in carbonates, in
International Petroleum Technology Conference,
International Petroleum Technology Conference.
Yousef A A, Al-Saleh S, Al-Kaabi A, Al-Jawfi
M (2010) Laboratory investigation of novel
oil recovery method for carbonate reservoirs,
In Canadian Unconventional Resources and
International Petroleum Conference, OnePetro.
Yousef A A, Al-Saleh S, Al-Kaabi A, Al-Jawfi
M (2011) Laboratory investigation of the impact
of injection-water salinity and ionic content on
oil recovery from carbonate reservoirs, SPE
Reservoir Evaluation and Engineering, 14, 05,
578-593.

Zhang P, Tweheyo M T, Austad T (2007)
Wettability alteration and improved oil recovery
by spontaneous imbibition of seawater into
chalk: Impact of the potential determining ions
Ca, Mg™, and SO, Colloids and Surfaces A:
physicochemical and engineering aspects, 301,
1-3: 199-208.

Fathi S J, Austad T, Strand S, Puntervold T (2010)
Wettability alteration in carbonates: The effect
of water-soluble carboxylic acids in crude oil,
Energy and Fuels, 24, 5: 2974-2979.

Winoto W, Loahardjo N, Xie X S, Yin P, Morrow
N R (2012) Secondary and tertiary recovery of
crude oil from outcrop and reservoir rocks by
low salinity waterflooding, In SPE Improved Oil
Recovery Symposium, OnePetro.

Zahid A, Shapiro A A, Skauge A (2012)
Experimental studies of low salinity water
flooding carbonate: A new promising approach, in
SPE EOR Conference at Oil and Gas West Asia,
Society of Petroleum Engineers.

Archive of SID.ir



