
Abstract 

Low salinity water flooding (LSWF) reputation as one of the promising enhanced oil 

recovery (EOR) method cannot be challenged due to high percentage oil recovery and 

environmentally friendly aspect. However, unclear mechanism of LSWF set off the 

researchers and oil industries to put tremendous effort so that optimum oil production can be 

achieved by this method. So far, wettability alteration is the most debated mechanism, 

concerning the changes of rock surface from oil wet to mixed wet or water wet. This 

mechanism is based on surface charge changes on crude oil and rock surface. However, 

surface charge changes on the latter has not been quantified in detail for sandstone in spite 

of sandstone reservoir that composes large amount of oil. Thus, our objective is to propose 

surface complexation model for sandstone. Because of sandstone is composed of quartz and 

kaolinite, we conducted zeta potential measurement for these three rock minerals to evaluate 

their electrokinetic properties. Kaolinite/brine and quartz/brine interface surface 

complexation model were proposed after verification with measured zeta potential. In detail, 

we verified these models by comparison with conducted zeta potential measurement in NaCl, 

calcium, magnesium and seawater solution in various concentrations. Good agreement 

between measured zeta potential and modeling result shows the model capability in 

predicting the surface charge of quartz/brine and kaolinite/brine interface. We hypothesized 

that kaolinite and quartz electrokinetic properties need to be accounted for sandstone/brine 

interface. We verified our hypothesis by compared with sandstone measured zeta potential 

in seawater and its dilution. This finding is also supported by evidence of measured zeta 

potential of these three minerals in seawater, showing that sandstone measured zeta potential 

is in between of kaolinite and quartz. Furthermore, obtained sandstone/brine and crude 

oil/brine interface electrokinetic properties were used for total disjoining pressure calculation 

to evaluate the repulsion/attraction between crude oil and sandstone. We found that higher 

dilution of seawater is more preferable for low salinity water flooding because of longer 

distance range of repulsion compared to its lower dilution. This repulsion is responsible for 

crude oil to desorb from the rock surface, alters the rock wettability from oil wet to mixed 

wet or water wet. Oil desorption phenomenon from disjoining pressure can be calculated 

numerically by coupling our surface complexation model and transport calculation developed 

in PHREEQC software. To validate our coupled model, we verified our research with core 

flooding experimental result in terms of pH changes, ionic profile and oil recovery. Ionic 

profile and pH changes show acceptable fitting between simulation and experimental result. 

However, oil recovery prediction was poor, no doubt that other mechanism is responsible for 

oil recovery simulation in macro scale of core flooding. 

 

 


