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Improving oil recovery from Unconventional Liquids Reservoirs (ULR) is a major challenge. A 

knowledge of recovery mechanisms and interaction of fracture fluid additives with the rock is 

fundamental in tackling the problem. This line of research focus on analyzing the effect of surfactants 

in altering the behavior of ULR and their effectiveness in improving effective ultimate recovery. 

Altering the wettability with the use of chemical additives also results in alteration of the interfacial 

tension (IFT).  The Young-Laplace equation relates the capillary pressure to IFT and contact angle as 

determined by the radius of curvature across a curved interface. Thus, it follows that this term is 

significant in nano-pores associated with ULR and complex as the contact angle and interfacial 

tension varies simultaneously. We carefully evaluate these interactive variables to improve oil 

recovery by alteration of capillary pressure by understanding the wetting state of ULR with and 

without and without chemical additives. We have observed that wettability can be altered from the 

ULR natural state of oil wet to systems favoring frac fluid imbibition. Surfactants can be added to frac 

fluids, in proper concentrations, to alter wettability while fracking the formation. The study combines 

the effect of wettability and IFT alteration and the corresponding impact on imbibition in ULR by 

conducting contact angle experiments, IFT measurement, and computed tomography (CT) scan 

technology to evaluate and compare the efficiency of different surfactants in altering wettability and 

recovering hydrocarbons from shale cores at reservoir conditions.  

The original ULR wettability is determined by contact angle (CA) using captive bubble method at 

reservoir temperature. Then, surfactants at field concentrations are evaluated to gauge their 

effectiveness in altering wettability. Moreover, to evaluate further wettability alteration, stability of 

surfactant solution films on the shale rock surface is determined by zeta potential measurements. In 

addition, the effect of IFT alteration is studied, using pendant drop method, in solutions with 

surfactants and ULR crude oil at reservoir temperature. Finally, surfactants potential for improving 

oil recovery in ultralow permeability shale cores is investigated by spontaneous and forced 

imbibition experiments using modified Amott cells and core flooding systems at reservoir conditions. 

Using CT scan methods, frac fluid imbibition as penetration magnitude is measured in real time. In 

addition, oil recovery is recorded with time to compare the performance of surfactants and frac fluid 

alone. 

Research Activities: 

 Investigating the effect of various surfactants on altering the wettability and interfacial 

tension of ULR core.  

 Conducting zeta potential measurements to evaluate further wettability alteration and 

stability of surfactant solution films on the shale rock surface.  

 Conducting spontaneous imbibition experiments with tested surfactants to measure oil 

expulsion volumes and hence, recovery as a function of time. 



 Implementing forced imbibition using surfactant solutions to recover additional oil and test 

the penetration of various surfactants. 

 

Research Capabilities: 

 Contact angle, IFT, and zeta potential measurements at reservoir temperature. 

 Micro and nano scale investigation of unconventional rock samples using CT scan 

technology and image processing techniques. 

 Spontaneous imbibition and core flooding experiments in controlled conditions in 

conjunction with CT scan technology.  

 

Fig. 1—Changes in contact angle from oil-wet to water-wet 
with addition of proper surfactants.  
 

 
Fig. 2—Spontaneous Imbibition experiment showing Cores 
at the beginning of the spontaneous imbibition 
experiments (upper side) and times when oil begins to be 
expelled from the different cores (lower side). Core 
submerged in anionic surfactant recover oil faster than 
nonionic surfactant and frac water. (Alvarez and Schechter 
2015) 

 
 
Fig. 3—Oil recovered in spontaneous imbibition as 
percentage of OOIP vs. time. Anionic surfactant shows 
better potential in producing oil from ULR. Surfactants 
solutions show better performance than frac water. 
(Alvarez and Schechter 2015) 
 

 

Fig. 4— CT images for core 1 (slice 50), core 2 (slice 48) and 
core 3 (slice 53). The images show changes in CT number as 
a function of time. Cores in surfactants (1 and 2) shows 
marked positive change in CT numbers compared to core in 
frac water (3). (Alvarez and Schechter 2015) 

 

The results suggest that addition of surfactants to brine or frac fluid can alter wettability of shale 

samples favoring imbibition and consequently oil recovery. In addition, IFT plays an important role 

in imbibition, and a balance between wettability and IFT is desired to overcome capillary pressure. 

Regarding oil recovery, surfactants are better on recovering oil from shale core than frac fluids 

without additives, findings that are consistent with CA, zeta potential and IFT measurements. From 

the results obtained, it is observed that oil recovery in ULR can be improved by altering wettability 

and reducing IFT when surfactants additives are added to frac fluids.  
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Surfactant type and concentration as well as ULR pore size, permeability, and lithology seem to have 

an impact in frac fluid imbibition and oil recovery in ULR; hence, further investigation is required to 

better understand the mechanisms and parameters effecting wettability alteration. 
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