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Summary:  
We utilize the fast Synchrotron-based X-ray CT at the Argonne National Lab to image the pore-scale processes 

that occur during alkaline surfactant (AS) flooding. We hypothesized that salinity plays a pivotal role in AS 

flooding. Under optimum and optimum surfactant salinities were injected in a carbonate rock and imaged. We 

report the differences in pore-scale flow mechanisms and oil recovery that occur in these floods.  
 

1. INTRODUCTION 
Over the past decades, transport properties in natural porous materials have gained much attention. 
Development in 3D imaging techniques, such as micro-computed tomography (μ -CT), have been essential 
for understanding transport properties in rock. Several studies have shown the use of μ –CT in understanding 
digital rock physics. This approach is a non-destructive technique that images a 3-D model of a representative 
volume of rock at resolutions down to ~1.0 μm4. Synchrotron-based CT surpasses the capability of a typical 
μ –CT by its ability to image dynamic processes. Its ability to capture fast images due to the high photon X-
ray flux, which can be 3 to 5 orders of magnitude brighter than a lab-based μ –CT. The Advance Photon 
Source (APS) at the Argonne national lab offers X-ray photon fluxes ~1012 to 1014 photons s-1. Fast dynamic 
imaging by synchrotron-based CT is also achieved due to high efficiency of the scintillator and a fast-frame-
rate imaging detector5.  
 
Chemical enhanced oil recovery (EOR) mechanisms, such as alkaline surfactant (AS) flooding is widely used 
as a tertiary recovery mechanism to recover additional oil by lowering the interfacial tension (IFT) between 
brine and oil 6,7. During AS flooding, microemulsions (or emulsions) formed in situ can result in ultralow IFT 
values (< 10-2 mN/m). In most cases there is still an interface between phases and thus, displacement remains 
immiscible. Salinity plays a major role in characterising the type of microemulsion being formed. Typically, 
lower salinities leads to what is called under-optimum salinity, or Winsor type II-, which is when the 
microemulsion is formed mostly in the water phase. Increasing the salinity leads to optimum, or Winsor type 
III, this is when the microemulsion is formed between the oil and brine phase creating a third additional phase. 
Increasing the salinity further leads to over-optimum, or Winsor type II+, this is when the microemulsion is 
predominantly in the oil phase. Each Winsor type behaviour results in different displacement regimes due to 
the resulting differences in microemulsion viscosity and IFT 10. Herein, we describe synchrotron-based CT 
imaging of two AS flooding scenarios: at under-optimum salinity and at optimum salinity. We report on the 
pore-scale flow regimes for these two floods in a carbonate rock using dynamic 3D imaging. We measure the 
morphologies of the NWP phase, contact angles along the common line and oil recovery to elucidate the 
underlying oil recovery mechanisms important for AS flooding. 
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2. EXPERIMENTAL METHOD 

 
Chemicals 
Enordet J13131, produced by Shell Chemicals, and sodium carbonate (NaCO3) were chosen as the surfactant 
and alkaline for this study, respectively, each at a concentration of 0.5% (w/v). Potassium iodide (KI) was used 
as a contrast agent at a concentration of 6% (w/v).  
 
Synchrotron-based CT experiment design 
The experiments were performed at the GeoSoilEnviroCARS Sector 13 at Argonne National Laboratory’s 
Advanced Photon Source. Pink beam was used for imaging allowing for 3D images to be collected in ~20 
seconds. Each tomogram consisted of 1200 radiographs acquired over 180 degrees of sample rotation. The rock 
chosen was a Mt Gambier limestone. It was first saturated with decane, flooded with water to residual oil 
saturation and then flooded with AS solution at a rate of 50 μl/min.  
 
Image Processing and Reconstruction  
GSECARS Tomography Processing Software is used for image reconstruction. The raw images were first read 
into memory, and zingers were removed, which would correct for dark current and white field. Image 
reconstruction was performed by, first, reading the 3D image data from the preprocessing step into memory in 
chunks (128 slices). Then, a corrected sinogram is built by performing logarithmization, pads the sinogram, 
normalizes to air on each side of the object, etc. Ring artefacts were then removed and the slices were 
reconstructed with the Gridrec FFT-based algorithm. Lastly, the reconstructed data are moved back to the disk 
as a single 3D file. Amira-Avizo software was used for further image processing, such as segmentation and 
fluid/fluid characterization along with in-house software for contact angle measurements and various 
morphological measures.  

 

3. RESULTS 
The results show the different oil fractions present at the start and end of optimum AS flooding (Fig. 1 a 
and b, respectively). Further analysis is needed to compare both AS floods, optimum and under-optimum 

 

Figure 1. (a) Oil present prior to AS flooding. (b) After multiple PVs injected of Optimum AS. 
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