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Figure 12: Effect of surfactant concentration on IFT

2. Materials and Methods

Figure 7: Interfacial Tension measurement

1. Introduction

Figure 1: Recovery Mechanism

Research Question: 
• What is the optimum zwitterionic surfactant slug required for an improved oil recovery in 

Silurian Dolomite? 

With surfactant

Figure 2: Rock-Fluid Interaction

Figure 3: Working principle of surfactant

Figure 4: Phase behavior with surfactant

Figure 5: Conventional water flood Figure 6: Smart water and surfactant flood

Winsor Type I 
microemulsion

Winsor Type II 
microemulsion

Winsor Type III 
microemulsion

Salt % Concentration
NaCl 62

CaCl2.2H2O 19.63

MgCl2.6H2O 16.3

Na2SO4 1.95

NaHCO3 0.12

Table 1: Composition of the synthetic 
formation brine

Surfactant: 0.5% Chembetaine zwitterionic surfactant

3. Results and Discussion

Figure 10: Oil solubilization ratio vs Time

Figure 11: Interfacial Tension vs Salinity

Figure 9: Phase Behavior Test

Fluid - Fluid Analysis

Stage 2: Phase Behavior Test

Stage 3: Interfacial Tension Measurements 
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• Figure 10 shows a decrease in the oil 
solubilization ratio with time

• The decrease in the oil solubilization 
ratio is an indication of the reduced 
activity of the surfactant over time

• The salinity with the lowest oil 
solubilization ratio after 332 hours is 
50,000 ppm and 100,000 ppm and the 
highest is at 5,000 ppm and 10,000 
ppm. 

 

• Figure 11 shows a change in IFT with 
salinity

• There is a non-monotonous behavior of 
IFT with salinity

• Competition for solubilization between 
high salinity brine and surfactant 
results in a low IFT.

• Figure 12 shows the effect of 
surfactant concentration on IFT

• An increase is surfactant concentration 
results in an increase in the Interfacial 
tension

• IFT values are still not ultra low 
(between 10-2 and 10-3 mN/m)

Figure 8: Compatibility Tests

Stage 1: Compatibility Test
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4. Conclusions and Recommendations
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Figure 13: Floatation Test for wettability
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Rock - Fluid Analysis
Stage 1: Floatation Test

• Figure 14 shows the results for pH 
measurements with time

• With rock addition, there is an increase in the 
pH

• The pH remains does not change after 70 
hours

• The alkaline pH environment increases the 
chances of insitu surfactant generation in the 
reservoir.

• The surfactant used cannot alter wettability or reduce the Interfacial tension to ultra low 
values at the concentrations used.

• pH results remains at alkaline levels which could promote saponification

• Saponification reaction reduces the possibility for in situ surfactant generation

• From these analyses, the optimal surfactant slug for improved oil recovery in the carbonate 
    rock studied would be at 10,000 ppm brine at 0.5% surfactant concentration

• It is recommended that a lower surfactant concentrations should be tested 

• The zwitterionic surfactant could also be mixed with other ionic surfactants at optimal 
salinity  for a synergetic effect of wettability alteration and interfacial tension reduction. 

Figure 14: pH vs Time
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Stage 2: pH Test
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Figure 12: Effect of surfactant concentration on IFT


