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8:30 am — 8:50 am Opening Speech Dr. George Hirasaki 

8:50 am — 9:10 am 
Laboratory Studies of Ternary Surfactant 
Formulation for EOR in Oil-Wet, High-
Temperature Carbonate Formations 

Dr. Clarence Miller 

9:10 am — 9:30 am 

Ultralow-Interfacial-Tension Foam Injec-
tion Strategy in High Temperature Ultra-
High Salinity Fractured Carbonate Reser-
voirs 

Mr. Pengfei 
(Patrick) Dong 

9:30 am — 9:50 am 
Effect of Oil Type and Saturation on Foam 
Flow in Porous Media: Core-flooding 
Coupled with NMR Imaging 

Mr. Reza  
Amirmoshiri  

9:50 am — 10:10 am 
CO2 Foam Mobility Control in Carbonate 
and Sandstone Reservoir 

Mr. Michael 
(Guoqing) Jian 

10:10 am — 10:30 am 
Effects of Compositional Variations on 
CO2 Foam Under Miscible Conditions 

Dr. Siavash 
Kahrobaei 

10:30 am — 10:50 am Coffee Break  

10:50 am — 11:10 am 
Comparison of Phase Behavior and Slim 
Tube MMP for CO2 Flooding 

Mr. Harun Bilgili 

11:10 am — 11:30 am 

Effects of Low Salinity, Potential Deter-
mining Ions and Oil Composition on Car-
bonate Wettability Alteration in A Model 
System 

Mr. Jin Song 

11:30 am — 11:50 am 
The Impact of Water Layer Thickness on 
Wettability Alteration of Calcium Car-
bonate Surface in 5M NaCl Brine 

Ms. Sara Rezaee 

11:50 am — 1:00 pm Lunch  
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Monday, April 23rd 

Meeting Agenda: Afternoon Session 

1:00 pm—1:20 pm 
Designing an Alkali-Foam EOR Process for 
Heavy Oil 

Mr. Eric Vavra 

1:20 pm — 1:40 pm 
Stability of Oil Emulsions in Porous Media 
Probed Using Microfluidic Devices 

Dr. Sibani Lisa 
Biswal 

1:40 pm — 2:00 pm 
Interpretation of NMR Relaxation in 
Bitumen and Organic Shale Using Polymer-
Heptane Mixes 

Dr. Phillip Singer 

2:00 pm — 2:20 pm 
NMR Core-Log Determination of NGL  
Composition in Organic-Rich Chalk 

Mr. Zeliang Chen 

2:20 pm — 2:40 pm 

Molecular dynamics simulations of NMR  

relaxation: Concepts and Applications to Bulk 

Hydrocarbons 

Dr. Dilipkumar 
Asthagiri 

2:40 pm — 3:00 pm 
NMR relaxation and diffusion in  
alkane-polymer systems using molecular 
dynamics 

Mr. Arjun  
Parambathu 

3:00 pm — 3:20 pm 
Partitioning of CO2 and Alkane Mixtures from 
Shale Matrix to Nano-pore 

Ms. Jinlu Liu 

3:20 pm — 3:40 pm 
Comments and Recommendations from 
Consortium Members 

Dr. George Hirasaki 

3:40 pm — 4:30 pm Lab Tour  
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Introduction 

Monday, April 23rd: 8:30 am — 8:50 am 

General Remarks 

Dr. George J. Hirasaki 

A.J. Hartsook Chair Professor in Chemical Engineering (gjh@rice.edu) 

Abstract 
Welcome to the 22nd annual meeting of the Consortium on Processes in Porous Media. We 

had our first meeting in 1996. This was a year after Shell and Schlumberger purchased a 

MARAN II NMR spectrometer and donated it to us, so we could measure NMR properties of 

fluids in rock samples.  We have now expanded to include enhanced oil recovery.  In the past 

we have also done research on methane hydrates and asphaltene deposition.  Currently, 

Francisco Vargas has started another consortium on asphaltene deposition. Hear what we 

have done over the past year.  We hope to hear from you about the directions that you think 

we should be doing going into the future. 

 

 Notes 



Laboratory Studies of Ternary Surfactant Formulation for EOR  
in Oil-Wet, High-Temperature Carbonate Formations 

Presentations 

Dr. Clarence A. Miller 

Louis Calder Professor Emeritus 

Research Professor, Chemical and Biomolecular Engineering 

(camill@rice.edu) 

Abstract 
The objective of this research was to develop a surfactant formulation to achieve low IFT 
during EOR in an oil-wet, high-salinity, fractured dolomite reservoir at ~100°C. As           
discussed in SPE-190290-MS (2018), the formulation developed was a blend of lauryl      
betaine and C15-18  internal olefin sulfonate, supplemented by a smaller amount of i-C13      
ethoxylated carboxylate, all thermally stable and commercially available although the       
carboxylate not in quantities required for large-scale processes. Proportions of the three   
surfactants for injection in hard sea water were selected using equilibrium phase behaviour 
results and estimates of IFT. An Amott imbibition cell experiment yielded 50% oil recovery 
from a dolomite core at 94°C. Research at Rice for two additional projects having carbonate 
reservoirs but different crude oils, brines, and temperatures of at least 60°C demonstrated 
formulation versatility by showing good oil recovery by core floods with modestly adjusted 
proportions of the same three surfactants (SPE-184569-MS, 2017; SPE-190259-MS 2018, 
US Patent 9,856,412). The formulations also provided stable foam in porous media. 

Notes 

Monday, April 23rd: 8:50 am — 9:10 am 



Presentations 
Monday, April 23rd: 9:10 am — 9:30 am 

Ultralow-Interfacial-Tension Foam Injection Strategy Investigation  
in High Temperature Ultra-High Salinity Fractured Carbonate Reservoirs  

Mr. Pengfei Dong 

PhD Graduate Student, 5th Year (pd18@rice.edu) 

Abstract 
Oil recovery in many carbonate reservoirs is challenging due to unfavorable conditions such 
as oil-wet surface wettability, high reservoir heterogeneity and high brine salinity. We     
present the feasibility and injection strategy investigation of ultralow-interfacial-tension 
(ultralow-IFT) foam in a high temperature (above 80°C), ultra-high formation salinity 
(above 23% TDS) fractured carbonate reservoir.  

The surfactant formulation showed ultra-low IFT (10-2-10-3 mN/m magnitude) at the dis-
placement front and good foamability at under-optimal conditions. Both ultralow-IFT and 
foamability properties were found to be sensitive to the salinity gradient. Ultralow-IFT foam 
flooding achieved over 50% incremental oil recovery compared to water flooding in frac-
tured systems due to the selective diversion of ultralow-IFT foam. This effect resulted in 
crossflow near foam front, with surfactant solution (or weak foam) primarily diverted from 
the fracture into the matrix before foam front, and oil/high salinity brine flowed back to the 
fracture ahead of the front. The crossflow of oil/high salinity brine from the matrix to the 
fracture was found to make it challenging for foam propagation in fractured system by 
forming Winsor II condition near foam front and hence killing the existing foam. 

Notes 



Presentations 
Monday, April 23rd: 9:30 am — 9:50 am 

Probing the Effect of  Oil Type and Saturation on Foam Flow in Porous Media: 
Core-flooding Coupled with Nuclear Magnetic Resonance (NMR) Imaging  

Mr. Reza Amirmoshiri  

PhD Graduate Student, 3rd Year  (moshiri@rice.edu) 

Abstract 
The success of foam displacement in porous media largely depends on its stability, which is 
adversely impacted by the presence of crude oil. In this study, we present the results of an 
experimental investigation into the effect of oil type and saturation on foam rheology in    
Berea sandstone using nuclear magnetic resonance (NMR) imaging technique. Despite the 
general consensus, we showed that the calculated apparent viscosity values in the presence 
of remaining hexadecane were higher than those in the absence of oil. This was attributed to 
the dominance of relative permeability reduction and generation of oil-in-water emulsions 
over the foam-weakening effect of oil. Additionally, we correlated the foam strength with the 
oil saturation from the foam-oil co-injection tests. It is found that, with our experimental 
conditions and procedure, the apparent viscosity first decreases with the increasing synthet-
ic oil saturation because of the detrimental effect of oil on foam stability; and then increases 
with the oil saturation due to oil emulsification with the surfactant solution. Findings from 
this study suggest that despite the destabilizing impact of oil on foam, the resulting steady-
state apparent viscosities could be much larger than the viscosity of the in-situ oil. This leads 
to a favorable mobility ratio during the oil-displacement process. 

Notes 



Presentations 
Monday, April 23rd: 9:50 am — 10:10 am 

CO2 foam mobility control in carbonate and sandstone reservoir  

Mr. Michael (Guoqing) Jian 

PhD Graduate Student, 5th Year (gj4@rice.edu) 

Abstract 
Miscible CO2 flooding has been widely used in West Texas oil fields in Permian Basin. One 
of the problems of CO2 flooding is the early gas breakthrough due to reservoir heterogenei-
ties. In this study, CO2 foam process was investigated for two filed cases to control the       
mobility of CO2, one is for East Seminole carbonate reservoir, and the other is for Fort Stock-
ton sandstone reservoir.  

The stability and adsorption behavior of the surfactant candidates for the two foam flooding 
pilots test was comprehensively studied. The problem of scaling issue of the brine for the 
East Seminole pilot was examined thoroughly, and a scaling inhibitor was found to be        
effective and compatible with the surfactant and oxygen scavenger. In addition, Foam 
transport in porous media was investigated, and the experimental data were fitted based on 
STARS model.  

The results show that for East Seminole carbonate reservoir, the nonionic surfactant shows 
good performance of adsorption, thermal stability in the presence of oxygen scavenger and 
mobility control ability. For the Fort Stockton foam test, surfactant candidate with different 
abilities of generating foam was found, and the performance of foam injectivity needs fur-
ther investigation.  

Notes 



Presentations 
Monday, April 23rd: 10:10 am — 10:30 am 

Effects of Compositional Variations on CO2 Foam  
Under Miscible Conditions  

Dr. Siavash Kahrobaei 

Post-Doctoral Researcher (siavash.kahrobaei@rice.edu) 

Abstract 
Foam can mitigate the associated problems with the gas injection by reducing the mobility of 
the injected gas. The presence of an immiscible oleic phase can adversely affect the foam   
stability. Nevertheless, under miscible conditions gas and oil mix in different proportions 
forming a phase with a varying composition at the proximity of the displacement front. 
Therefore, it is important to understand how the compositional variations of the front affect 

the foam behavior. In this study through several core-flood experiments under miscible  

condition, three different regimes were identified based on the effects of the mixed-phase 

composition on CO2  foam-flow behavior: In Regime 1 the apparent viscosity of the in-situ 

fluid was the highest and increased with increasing xCO2. In Regime 2 the apparent viscosity 

increased with decreasing xCO2. In Regime 3 the apparent viscosity of the fluid remained 
relatively low and insensitive to the value of xCO2. 

  

Notes 



Presentations 
Monday, April 23rd: 10:50 am — 11:10 am 

Comparison of Phase Behavior and Slim Tube MMP for CO2 Flooding 

Mr. Harun Bilgili 

Visiting PhD Student (harun.bilgili@ipc.uni-stuttgart.de) 

Abstract 
The influence of additives on the phase behavior of a CO2 – model crude oil system was 
studied statically in a high pressure sapphire cell. It was found that appropriate additives 
cause a considerable shrinkage of the lower miscibility gap in the pressure-composition     
(p-wOil) diagram. In order to approach the conditions of real crude oil fields, the dynamic 
behavior of this CO2 – model crude oil system was studied in a newly developed slim tube 
apparatus by co-injecting additives with supercritical CO2. Comparing the results of static 
and dynamic measurements show to which extent the critical point, from phase behavior 
studies, is related to the minimum miscibility pressure (MMP) from slim tube studies. 

Notes 



Presentations 
Monday, April 23rd: 11:10 am — 11:30 am 

Effects of Low Salinity, Potential Determining Ions and Oil Composition on 
Carbonate Wettability Alteration in A Model System 

Mr. Jin Song 

PhD Graduate Student, 3rd Year ( js110@rice.edu) 

Abstract 
We systematically investigate the effects of low salinity, potential determining ions 
(Mg2+, SO4

2-) and oil composition on wettability alteration of Indiana limestone in a   model 
system by spontaneous imbibition test at elevated temperature. Such study in a well-defined 
system for “smart water” induced wettability alteration is currently not available in the liter-
ature. Model oil A (AN1.5 with naphthenic acid in dodecane/toluene mixture), model oil B 
(0.05% wt. asphaltene in dodecane/toluene mixture) and model oil C (0.05% wt. asphaltene 
in toluene) are tested to compare the responses of different surface active components 
(naphthenic acid, asphaltene) to the “smart water”. Initial brine A (5M NaCl) and initial 
brine B (I=5M formation brine) are tested to compare the effect of initial brine composition 
on wettability alteration. In the experiments, low salinity brine without any    divalent ions is 
found to be effective in altering the carbonate wettability in the model system and the addi-
tions of SO4

2- and Mg2+ are found to further improve the oil recovery.  Moreover, the “smart 
water” is found to have significantly different response to naphthenic acid and asphaltene. 

Notes 



Presentations 
Monday, April 23rd: 11:30 am — 11:50 am 

The impact of water layer thickness on wettability alteration of  
calcium carbonate surface in 5 M NaCl brine 

Ms. Sara Rezaee 

PhD Graduate Student, 4th Year (sr44@rice.edu) 

Abstract 
Measurements of contact angles by usual procedures have standard deviations too large to 
be acceptable; moreover, sometimes measurements were irreproducible. Trying to improve 
test reproducibility, it has been found that one of the most important parameters for accura-
cy in contact angle measurements is to control the thickness of water layer left on the sur-
face of calcite during the oil aging process. Aging consists of first immersing a cleaned cal-
cite plate in brine for 24 hours and thereafter immersing in test oil and some test brine for 
two weeks in a hermetically closed vessel at 120°C; this protocol aims to empirically acceler-
ate aging for mimicking somewhat that from geological time. The amount of water left on 
the surface of calcite before starting oil aging process plays an important role on wetting 
condition. To study the effect of water layer thickness on wettability alteration, the calcite 
plate was prepared by these four methods: “Vertical gravity drainage”, “Spin coater”, 
“Wiping” and “Dry”. The tests were done with Iceland spar as the substrate to simulate a 
calcium carbonate reservoir, a Model Oil (MO) made of 87 vol. % n-dodecane + 13 vol. % 
toluene and 5 M NaCl brine. From the test results, the plate became more oil wet by decreas-
ing the water layer thickness on the surface of calcite plate. Also, it was observed that the 
presence of 5 M NaCl brine at 120°C is needed to alter the wettability of calcite plate in a 
short period of time.  

Notes 



Presentations 
Monday, April 23rd: 1:00 pm — 1:20 pm 

Designing an Alkali-Surfactant Alternating Gas EOR Process for Heavy Oil  

Mr. Eric Vavra 

PhD Graduate Student, 3rd Year (edv1@rice.edu) 

Abstract  

The highly viscous nature of heavy oil creates a challenge for engineers wishing to recover 
this relatively abundant natural resource. Conventionally, thermal enhanced oil recovery 
(EOR) methods are employed to decrease the in-situ oil viscosities for increasing production. 
While these methods result in excellent oil recovery, large quantities of fresh water and en-
ergy are required to achieve a favorable result. Recently, alkali-foam EOR has been studied as 
a promising alternative method for mobilizing heavy oil via its emulsification in the aqueous 
phase that simultaneously improves volumetric sweep efficiency. We are disclosing a       
procedure followed for optimizing an alkali-foam EOR process that have not been previously 
considered for the recovery of heavy oil. Key steps in the procedure help to ensure successful 
oil recovery; for example, phase behavior analyses at the injection condition and the         
reservoir condition provide novel insight into the fluid properties one might expect in an 
EOR scenario. Visual studies were performed in a micromodel to examine the relevant fluid 
dynamics in a porous media environment. 

Notes 



Presentations 
Monday, April 23rd: 1:20 pm — 1:40 pm 

Stability of oil emulsions in porous media probed using microfluidic devices 

Dr. Sibani Lisa Biswal 

Associate Professor, Associate Department Chair, Director of Graduate Studies, 

Chemical and Biomolecular Engineering 

Associate Professor of Materials Science and NanoEngineering 

(biswal@rice.edu) 

Abstract 
Water-in-oil emulsions formed during oil production can lead to severe plugging within po-
rous media.  I will describe how the surface active agents in crude oil can stabilize the oil/
water interface and subsequently jam within the porous media. Here, we describe the use of 
porous media microfluidic devices to evaluate emulsion adhesion and bridging across po-
rous media deposition. The resulting deposition kinetics are visualized at both the matrix-
scale and the pore-scale and the mechanism by which plugging and permeability reduction 
in the porous media can be tested. The velocity profiles near the deposit are analyzed to fur-
ther investigate how shear forces affect emulsion deposition. 
 

Notes 



Presentations 
Monday, April 23rd: 1:40 pm — 2:00 pm 

Interpretation of NMR Relaxation in Bitumen and Organic Shale Using   
Polymer-Heptane Mixes 

Dr. Philip M. Singer  

Research Scientist(ps41@rice.edu) 

Abstract 
We report 1H NMR T1,2 relaxation data on pure polymers and polymer-heptane mixes span-
ning a wide range of viscosities and NMR frequencies. We find that T1 becomes independent 
of viscosity at high viscosities, in agreement with previous data on bitumen, which indicates 
that T1 for polymers and bitumen can be explained by 1H-1H dipole-dipole interactions, 
without the need to invoke paramagnetism. In light of this, we propose a new model to ac-
count for the viscosity and frequency dependences of T1,2 solely based on 1H-1H dipole-
dipole interactions. We then determine the surface relaxation for heptane in the polymer-
heptane mix, where the polymer acts as an organic nano-pore matrix for heptane. We find 
T1/T2 = 4 for heptane in the mix, similar to previous data on light hydrocarbons absorbed in 
kerogen and bitumen, indicating that 1H-1H dipole-dipole interactions enhanced by organic 
nano-pore confinement dominate T1,2

  in saturated organic-rich shales. 

Notes 



Presentations 
Monday, April 23rd: 2:00 pm — 2:20 pm 

NMR Core-Log Determination of NGL Composition in Organic-Rich Chalk 

Mr. Zeliang Chen 

PhD Graduate Student, 4th Year (zc24@rice.edu) 

Abstract 
The goal of this research is to assist an oil company in evaluating the NMR logs from an or-
ganic-rich chalk prospect. The study consists of saturating the as-received reservoir core-
plugs with light hydrocarbons, followed by NMR laboratory measurements at in situ condi-
tions. The core samples are saturated with three different hydrocarbons: methane, ethane, or 
propane. The NMR core-analyzer provides T1 and T2 distributions of the connate brine and 
saturated hydrocarbons in the cores, which are then compared with downhole NMR logs to 
identify the downhole hydrocarbon saturation and fluid composition. The core-log calibra-
tion successfully identifies the hydrocarbon composition in the reservoir and the associated 
fluid-filled porosity for each hydrocarbon component. 

Notes 



Presentations 
Monday, April 23rd: 2:20 pm — 2:40 pm 

Molecular dynamics simulations of NMR relaxation:  
Concepts and Applications to Bulk Hydrocarbons 

Dr. Dilipkumar Asthagiri 

Lecturer, MChE Program Director (dna6@rice.edu) 

Abstract 
The NMR is extensively used to probe the pore size distribution, fluid distribution, and     
surface relaxivity of unconventional reservoirs. However, the interpretation of these       
NMR-logs still depends on classical models of NMR relaxation that make important assump-
tions about the nature of the molecules and its interaction with the environment. We have 
initiated a program to use atomistic molecular dynamics simulations to enhance the under-
standing and interpretation of NMR relaxation. In this talk, I will outline the foundational 
ideas of molecular dynamics simulations and how we can use the simulations to obtain in-
sights into NMR 1H dipole-dipole and spin-rotation relaxation mechanisms that are of fore-
most interest in the context of hydrocarbons and water present in unconventional reservoirs. 
I will discuss our results modeling the NMR relaxation dynamics and diffusion in bulk me-
thane, the C5-to-C17 normal alkanes, and water. I will conclude by noting some current di-
rections which our team is pursuing. 

Notes 



Presentations 
Monday, April 23rd: 2:40 pm — 3:00 pm 

NMR relaxation and diffusion in alkane-polymer systems  
using molecular dynamics 

Mr. Arjun Parambathu 

PhD Graduate Student, 2nd Year (av42@rice.edu) 

Abstract 
NMR relaxation behavior of alkanes in slow motion regime, like porous or highly viscous 
media, deviate from classical models. This is traditionally explained by the existence of para-
magnetism, but our recent measurements show otherwise. We test this hypothesis by simu-
lating the NMR relaxation behavior in alkane polymer mixtures for a range of viscosities, 
where there is no paramagnetism. We studied heptane in poly(isobutene) for different con-
centrations. Our results are able to qualitatively capture the experimental behavior without 
invoking the physics of paramagnetism. We also computed the NMR-derived surface relax-
ivity and alkane adsorption in these systems from MD simulations, properties that are used 
to characterize wettability and movable oil in porous media. 

Notes 



Presentations 
Monday, April 23rd: 3:00 pm — 3:20 pm 

Partitioning of CO2 and alkane mixtures from shale fractures to nanopores 

Ms. Jinlu Liu 

PhD Graduate Student, 5th Year ( jinlu.liu1990@gmail.com) 

Abstract 
In unconventional reservoirs, a significant portion of hydrocarbons is produced from con-
nected intra-particle organic-matter pores that can be tens of nanometers or less. The fluid 
outside the nanopores has a different composition from the fluid adsorbed in the pore, 
which is due to different interactions between the molecules and the pore surface. The parti-
tioning of each component can then affect the estimation of total in-place hydrocarbon and 
produced gas/oil. Here we report modeling the fluid mixture adsorption from bulk phase to 
shale nanopores using a molecular density functional theory (iSAFT). Molecules are modeled 
as flexible chains with different numbers of spherical segments. Shale nanopores are mod-
eled as graphite slit pores. The partitioning of mixtures of alkanes and CO2 with alkanes un-
der typical reservoir conditions is studied. Heavier components partition more to the pore 
space for an alkane mixture and CO2 is preferentially adsorbed over methane and ethane. 
Comparing the results from theory to molecular simulation validates the model. 

Notes 


