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Introduction

Nowadays, due to the shortage of light oil reservoir
in the world, enhancement oil recovery (EOR) in
heavy oil reservoirs has received more attention.
According to the studies, primary recovery in heavy
oil reservoirs is limited to 5 percent which increases
to about 10-15 percent by using EOR methods [1-3].
One of the suggested solutions to this problem is the
use of biosurfactants, called Microbial Enhancement
Oil Recovery (MEOR). Biosurfactants are important
products of industrial microbiology which are
produced by microorganisms. Due to high diversity,
low risk to the environment, lower toxicity and ability
to return to ecosystem, the use of biosurfactants is
preferred to chemical surfactants. They decrease
capillary pressure by decreasing Interfacial Tension
(IFT) between oil and reservoir rock. Also, their
emulsifying ability cause to separate oil from rock
surfaces. One of the most important and powerful
biosurafcatants for this purpose is Rhamnolipid,
which is produced by pseudomonas aeruginosa [4]. In
the present study, firstly, Rhamnolipid Biosurfactant
was produced. Then, EOR tests were implemented
in two homogeneous and non-homogencous glass
micromodels. Finally, Rhamnolipid Biosurfactant
performance as EOR injected fluid was compared with
saltwater and anionic polyacrylamide polymer in the
same condition.

Accepted: November/17/2020

Materials and Methods

In this study, first of all glass micromodel was designed
and made then saltwater flooding tests was performed
in latm and two different temperature of 25 °C and
75 °C as the reference experiment. After that, flooding
tests were conducted using polyacrylamide polymer
and rhamnolipid at the same operating condition.
Finally, the results were compared in term of quality
and quantity.

Here, produced oil from Bangestan wells was
used which is considered as heavy oil. Physical
specifications of used materials in ambient temperature
are summarized in Table 1.

Table 1 Physical specification of used material for flooding

. | Rhamno-
Oil Polyacrylamide 1?;;(1110
trati
Concentration i 2000 120
(ppm)
API 23.48 - )
Density (g/
ensity (&) g 9158 0.9969 0.9967
cm?)
Vieos
ISCOSIY | 135908 | 110.1604 0.9863
(centipoise)




Flooding Test

Two homogeneous and non-homogeneous micromodels
were considered in this research which is designed by
Corel software. First, micromodels were saturated by
oil using syringe and vacuum pumps. Then, EOR fluid
(saltwater, polymersolution, or biosurfactant solution) was

High
resolution
camera

industrial
drier

=
Syrinﬁe pum®
Fig. 1 Schematic of experimental setup.

Results and Discussion Phase Composition Analysis
Figure 2 shows the obtained results of flooding tests in
two homogeneous and nonhomogeneous micromodels
and 25 °C and 75 °C for three EOR fluid. Moreover,
the microscopic photos taken during flooding test are
shown in Fig. 3.
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Bl Saltwater & Rhamnolipid [ Polymer
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Enhanced oil recovery (percentage)

Homogeneous model Non-homogeneous model

Fig. 2 Enhanced oil recovery percentage by saltwater,

polymer and Rhamnolipid biosurfactant flooding in two
micromodels and two temperature

Fig. 3 Microscopic photo of oil recovery in micromodel
by: a,d) Saltwater, b,e) Rhamnolipid, c,f) Polymer
micromodels and two temperature

Glass micromodel

Light source
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injected to the micromodels in 1 pulmin. Simultaneously,
in each 5 minutes, photos were taken from micromodels
and transferred to computer to analyze. The temperature
was controlled by an industrial drier. Figure 1 shows a
schematic of the experimental setup.

"(-'?Fag e

Coge,
Slen, “Sing

l Vacuum

pump

drain pot

According to the results, the more temperature, the
more oil recovery percentage resulted for three solu-
tion. Moreover, oil recovery percentage by polymer
and biosurfactant had higher value than saltwater,
which it indicates effective role of these two materi-
als in EOR. Macroscopic images showed that injected
saltwater touched with a small volume of oil and for-
ward flow had little transverse diffusion and a very low
tendency to diffuse (fingering phenomenon).

In flooding process of polymer and biosurfactant
solution, the injected fluid traveled longer distance
through micromodel, resulting in more recovery of
trapped oil. Furthermore, adding surfactant to water
caused viscosity reduction and improvement of
mobility ratio. On the other word, rhamnolipid solution
could penetrate into low permeability pores and
consequently oil recovery enhanced. Polymer also had
higher tendency to diffuse and can sweep much more
part in the micromodel in comparison to other two
materials. Tables 2 and 3 show the changes in viscosity
and surface tension at the two tested temperatures.

Table 2 Viscosity changes at two temperature

Viscosity (centipoise)

Rhamnolipid so- | Polymer - Temp.
lution solution saltwater | oil

0.9863 110.1604 | 0.9877 1352982 | 25
0.4479 33.2854 0.4643 142062 | 75

Table 3 Surface tension recorded at two temperature

Surface tension between oil and substance (mN/m) Temp.
Rhamnolipid solution | Polymer solution | saltwater

20.428 35.769 27.322 25
10.594 25.855 23.907 75
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As illustrated in Table 3, in both temperature,
Rhamnolipid reduced surface tension between oil
and water. Generally, the more temperature, the less
interfacial tension. This can be justified that surfactant
lies on a surface of oil and injected water and
consequently decreases interfacial tension between oil
and water. It reduces the capillary pressure in the pores
and cavities, which leads to easily penetration of the
solution into the pores and displaces the trapped oil in
this area. Wettability change was greater as a result of
polymer injection than Rhamnolipid and water.

Conclusions

In this paper, several flooding tests were implemented in
homogeneous and nonhomogeneous glass micromodel
at two temperature of 25 and 75 °C and performance
of Rhamnolipid biosurfactant and polymer and water
were compared. Results showed at higher temperatures,
oil recovery percentage by all three material in two
homogeneous and nonhomogeneous micromodels
was greater. The greatest total recovery was related
to Polyacrylamide tests. On the other words, polymer
was more capable to make the surface of micromodels
water wet. Besides, the effect of temperature is not

negligible. So that the more temperature, the less oil
viscosity and the more oil separation from micromodel
surface. These results were true for both homogeneous
and nonhomogeneous micromodels.
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