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ABSTRACT

Alkaline-Surfactant flooding is one of the chemical flooding methods which
are used to recover residual oil left after water flooding. By using a combination of
alkaline and surfactant in the chemical formula, the interfacial tension (IFT) of
oil/water is significantly reduced. However, surfactant adsorption on reservoir rocks
is one of the major factors that may significantly reduce the effectiveness of an
alkaline-surfactant flooding for oil recovery. The purpose of this study is to
determine the effects of temperature and salinity on adsorption in an alkaline-
surfactant flooding. In this study, parameter that was changed is the salinity of the brine
(25000ppm, 30000ppm, 35000ppm, 40000ppm, 45000ppm). The optimum salinities as
a given concentration will be was obtained of the temperature (30°C, 40°C, 50°C,
60°C, 70°C) on adsorption, surfactant IFT, residual oil recovery after water flood.
The results of the study indicate that the residual oil recovery increases and
surfactant adsorption will decreases as the temperature increases. The residual oil
recovery decreases and surfactant adsorption will increases as brine salinity

increases.



ABSTRAK

Banjiran surfaktan beralkali merupakan salah satu kaedah banjiran bahan
kimia yang digunakan untuk memperolehi lebihan minyak yang tertinggal selepas
banjiran air. Dengan menggunakan kombinasi surfaktan dan alkali, regangan antara
permukaan (IFT) minyak/air dapat dikurangkan. Walaubagaimanapun, penjerapan
surfaktan didalam reserbor merupakan satu faktor utama yang mengurangkan
keberkesanan banjiran surfaktan beralkali untuk perolehan minyak. Tujuan kajian ini
adalah untuk mengenalpasti kesan suhu dan kemasinan air garam terhadap
penjerapan didalam banjiran surfaktan beralkali. Dalam kajian ini, parameter yang di
ubah ialah kemasinan air garam (25000ppm, 30000ppm, 35000ppm, 40000ppm,
45000ppm). Kemasinan untuk surfaktan beralkali yang optimum diperolehi daripada
suhu (30°C, 40°C, 50°C, 60°C, 70°C) terhadap penjerapan, IFT surfaktan,
peningkatan perolehan minyak selepas banjiran air. Keputusan kajian ini mendapati
perolehan minyak baki meningkat dan penjerapan berkurang dengan peningkatan
suhu. Perolehan minyak baki berkurang dan penjerapan meningkat dengan

peningkatan kemasinan.
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CHAPTER 1

INTRODUCTION

Enhanced oil recovery (EOR) refers to the process of producing liquid
hydrocarbon by using reservoir energy and pressure maintenance. On the average,
conventional production methods will produce from a reservoir about 30% of the
initial oil in place. The remaining oil, nearly 70% of the initial resource, is a large and

attractive target for enhanced oil recovery methods (Terry et al., 1985).

These methods were developed with the objective of obtaining a larger
production than that obtained just with the natural energy of the reservoir and they
consist basically of the flooding of fluids seeking to move the oil outside of the pores
of the rock. Thus, the injected fluid, called displacing fluid, should push the oil,
called displaced fluid, outside of the rock and, at the same time, should occupy the

left space.

Basically there are three categories in EOR which are thermal, miscible
displacement and chemical process. Thermal processes where a hot invading face,
such as steam or hot water or a combustible gas is injected in order to increase the
temperature of the oil and gas in reservoir and facilitate their flow to the production

wells by increasing the pressure and reducing the resistance to flow. Miscible



displacement process consists of injecting a miscible phase with the oil and gas into
the reservoir in order to eliminate interfacial tension effect which uses inert gas.
Finally a chemical flooding uses chemicals such as polymer, surfactant, alkaline to
increase oil recovery. Alkali will react with crude oil to form in-situ surfactant and
also increase pH. The polymer is used to improve the sweep efficiency of the
invading fluid by changing the mobility ratio between the invading fluid and the
displaced fluid. The surfactant seeks to reduce the interfacial tensions between the oil
and the water, increasing the displacement efficiency (Schramm, 2000; Kwok et al.,
1995). These types of chemicals can be combined together to complement each other
in order to get the desired properties and functions.

Alkali-surfactant flooding is an established enhanced oil recovery technique in
conventional oil reservoirs, whereby the injected chemical reduces the oil/water

interfacial tension, leading to less trapping of oil ganglia.

1.1  Background of Research

The different combinations of chemical flooding (surfactant, alkali, and
alkali-surfactant) are not a new technology. In 1956, Reisberg and Doscher proposed
that a combination of performed surfactant and alkali could be injected along with
water in order to improve recovery of oil. This recovery is generally attributed to the
reduction in oil-water interfacial tension in the presence of surfactants. Surfactants
are special molecules that are both hydrophobic and hydrophilic, thus the most stable
configuration for them is at the interface between oil and water. By arranging
themselves in this manner, surfactants can lead to dramatic reductions in the oil-water
interfacial tension. It has been shown both experimentally and theoretically that when

IFT has been reduced significantly, there is less capillary trapping of oil.



Alkali solutions are a special subset of surfactant flooding, whereby the
injected alkali reacts with naturally occurring organic acids in the oil, leading to the
generation of in-situ surfactants. In alkali flooding applications, the minimum
oil/water IFT is often attained at very low concentrations of alkali. However, due to
alkali losses from adsorption in the porous media, higher alkali concentrations often
need to be injected. This leads to floods being performed at conditions that are not
optimal for recovery, thus a mixture of alkali and surfactant is often injected in order
to stabilize the flood at the optimum concentration for minimum IFT. This is the

mechanism of alkali-surfactant flooding.

In chemical flooding, although it has been well documented that these floods
do improve oil recovery compared to waterflooding, the mechanism responsible for
the oil recovery is poorly understood. Suggested mechanisms include IFT reduction
leading to less trapping of oil, rock wettability alteration, the formation of water/oil
emulsions and the formation of oil/water emulsions. It is likely that all of these
different parameters may play a role in different situations, however proper design of
an AS flood requires an understanding of what should be happening as the injected
AS solution mixes with the oil in the reservoir. Without this knowledge it becomes

impossible to predict the response from an AS flood in a given oil reservoir.

1.2 Problem Statement

Based on previous research conducted by many researchers, dilute aqueous
surfactant system will produce different properties in term of surfactant IFT and
adsorption when different concentration of alkaline and surfactant used. Different
concentration will result in different maximum oil recovery and surfactant adsorption.
Salinity and temperature also affects the adsorption and value of oil recovery.

Surfactant flooding process encounters problems due to loss of high cost surfactant in



the form of adsorption and retention in the reservoir rocks. This research is conducted
by using a different salinity and temperature in order to find an optimum condition.
New database regarding to the surfactant IFT, residual oil recovery and adsorption
will be develop and can be applied to the field scale which have the same condition
and parameters. The amount of oil recovered for field implementation can be roughly

estimated by using the developed database.

1.3 Objectives of the Research

The objectives of this research are :-

1. To determine the optimum brine salinity that yield minimum surfactant
adsorption.

2. To determine the effect of temperature on surfactant adsorption.

3. To get oil recovery from alkaline surfactant flooding process at various
salinity and temperature in order to determine the optimum salinity and

temperature.

1.4 Scope of Study

In this study, sand pack with two granule size of 125-220 um and 450-600
pum used as porous media to represent heterogeneous reservoir. Sand pack model will
be made from PVC pipe and designed with 45.7 cm of length and 3.2 cm of
diameter. In this study, there are four types of fluid will be used. They are de-ionized
water, brine, oil and surfactant. Several brine solution with different concentration

will be prepared by dissolve sodium chloride (NaCl) into de-ionized water. While,



paraffin was used to represent oil instead of using crude oil because it’s hard to get
crude oil. Lastly, surfactant that used is Alpha Olefin Sulfonate (AOS). Alpha Olefin
Sulfonate used in this study because it is a good surfactant, relatively stable, exhibit
relatively low adsorption on reservoir rock and relatively cheap. Concentration of
AQOS that used is 0.05 %wt and fixed for all experiment. The controlling parameters
in this study are brine salinity and temperature. The brine salinity will be test range
between 25000 ppm to 45000 ppm. Meanwhile, the temperature is range between
30°C-70°C. All the experiment will be conducted at atmospheric pressure, 14.7 psig.
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