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Abstract
The objective of this experimental study is to investigate
the effect of CO2-oil contact time to oil swelling factor
and viscosity. A sample from the central Sumatra basin
was utilized in this study, which is categorized into
paraffinic oil. The experiment condition follows the
reservoir condition, which has a low fracture pressure.
Thus, miscible injection scheme is impossible to apply.
Therefore, the role of CO2 in reducing oil viscosity and
oil swelling is emphasized. The experiments were
performed under reservoir temperature by using PVT
cell, syringe pump, and HPHT Rheometer. The result
from the experiments clearly indicates that oil swelling
and viscosity reduction mechanisms are quite effective
during 24 h of CO2 injection. Optimum condition is
obtained for the sample with 10 h of CO2-oil
contact-time, where the swelling factor and viscosity
reduction still show significant values.
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1 Introduction

One of the oil fields, located in the central Sumatra basin,
has been producing paraffinic crude oil for more than a
decade. This oil field is surrounded by an industrial site
which has the potential to emit CO2 gas into the atmosphere.
Due to environmental reasons, the emission of CO2 into the
atmosphere could be minimized by injecting the gas (CO2)
into the oil field to enhance recovery. This project will be
beneficial in both environmental and financial aspects, since
CO2 gas injection can increase oil recovery [1] and reduce
Green House Gas (GHG) emission through subsurface
storage [2].

The injection strategy will follow an immiscible injection
scheme due to the shallow depth of the reservoir (1200 ft.)
and to the low reservoir pressure (approximately 500 psi),
which makes it impossible to use in its miscible condition.
Oil swelling [3] and viscosity reduction [4] are two mech-
anisms which are dominant in this injection strategy.
Although these two mechanisms yield an incremental level
of oil recovery, an optimum time for CO2 to dissolve inside
the crude oil should be reconsidered. This is due to the
longer time for crude oil contact with CO2, the potential of
more CO2 solute inside the crude becomes higher, resulting
in a high swelling factor and lower oil viscosity. Therefore,
through this experimental study, we will investigate the
effect of CO2-oil contact time on the swelling factor and
viscosity. Furthermore, an optimum contact time for oil and
CO2 will be determined based on a point above which an
insignificant incremental of swelling factor and decremental
of oil viscosity is given.

2 Methodology

The crude oil sample that is utilized in this study is cate-
gorized as paraffinic crude oil, which is reflected from higher
cloud point. Moreover, the API gravity and viscosity of the
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sample in reservoir temperature (136 °F) are 30.8 and 17 cp,
respectively (Table 1). The hydrocarbon composition con-
tains more than 95 wt% of hydrocarbon with a carbon
number more than six. The swelling factor of the sample is
obtained from the swelling test experiment using Stainless
steel visual PVT cells. On the other hand, measurement of
viscosity is performed by using high-pressure high-
temperature (HPHT) rheometer. Each apparatus is equip-
ped with a syringe pump from ISCO company and fully
filled with liquid CO2.

The procedure for determining the swelling factor was
initiated with preparation of a 3 ml sample inside the PVT
cell and initial height of the sample column was recorded.
The PVT cell was then located inside the air bath, where its
temperature was constantly maintained at reservoir condi-
tion. The tubing line end was connected to the PVT cell
while the other was connected to a valve in the syringe
pump. All connections were checked to detect the presence
of any leakage. After the equilibrium temperature between
cell and bath was achieved, the pump pressure was adjusted
at a certain injection pressure [in this case, the observation
pressure was 900 psi, which is below the fracture pressure
(1000 psi)]. CO2 was injected at constant injection pressure
by opening the valve which connects the pump and the PVT
cell. The column height of the sample was recorded and
measured every hour during 24 h of injection time. The
swelling factor was calculated by dividing height during
injection with sample initial height.

In the measurement of oil viscosity experiment, the pro-
cedure was began by placing an 11 ml sample inside the
rheometer cup, then, the cup was installed on the rheometer
head in HPHT rheometer apparatus. A complete isolation of
the annulus between rotor (cup) and stator (bob or spindle)
must be confirmed. The rheometer head with the installed
cup was lowered into the thermo-bath and the bath and
sample temperature was increased up to reservoir condition,
through temperature adjustment at the PC dashboard. The
liquid CO2 pressure was increased to 900 psi and set at
constant pressure injection, while awaiting the equilibrium
condition of the sample temperature. Liquid CO2 was
injected into the sample cup by opening the valve and the
pressure inside became stable at 900 psi after 5 h. Oil

viscosity was obtain and recorded at 255 s−1 sheer rates for
every 5 h during 24 h of contact time.

3 Results

Results from the swelling factor and viscosity experiments
are plotted against contact time (in hour unit) in Figs. 1
and 2, respectively. The sample volume swells up to 6%
incremental when CO2 is injected at 900 psi for 24 h. Vis-
cosity plot versus contact time reveals a larger reduction of
sample viscosity when the sample comes into contact with
CO2 for a longer period of time. During 24 h of CO2-oil

Table 1 Physical properties of
crude oil

Parameter Value Unit

Oil gravity 30.8 API degree

Viscosity 17 Cp

Pour point 105–110 F

Bubble point pressure 113 Psi

Wax content 32.93 wt%

Asphaltene content 12.74 wt%

Fig. 1 Swelling factor versus contact time

Fig. 2 Viscosity versus contact time
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contact time with 900 psi injection pressure, the oil viscosity
was successfully reduced from 17 cp down to 10.2 cp, i.e. a
nearly 40% reduction from its initial value.

4 Discussion

The plotted results in Figs. 1 and 2, clearly indicate that the
oil swelling and viscosity reduction mechanisms, as reported
by Al-abri and Amin [3] and Li et al. [4], occur during CO2

injection into paraffinic oil. Compared to aromatic oil, the
swelling factor value of paraffinic oil is relatively lower due to
the more tightly bonded carbon chain or higher carbon
number. Results from both experiments have shown two
trends of data. The first trend (“Trend 1”) shows a significant
change of value compared to the second trend (“Trend 2”).
Based on observation on Fig. 1, “Trend 2” has a lower
incremental of swelling factor (0.12%), compared to “Trend
1” (0.7%). Moreover, the decline rate of oil viscosity for the
second trend (Fig. 2) is lower (12.5%) than the first trend
(50%). There is an insignificant change in the value of vis-
cosity and swelling factor, after 10 h of elapsed time. This
might have occured because of CO2 solubility in the oil at this
particular pressure was nearly reached and, thus, the CO2

dissolution process in the oil was almost completed, which
was inspired from the works of Or et al. [5]. Therefore, 10 h is
concluded to be the optimum time for CO2 contact with
paraffinic crude oil under 900 psi and 136 °F condition.
Moreover, the effect of oil and viscosity reduction to oil
recovery, will be investigated in the future. In addition, the
collaboration with other experts such as geologists and
mechanical engineers is required to understand the subsurface
structure and the CO2 separation process from the environ-
ment in order to launch a massive project in the future.

5 Conclusions

Two experimental studies have been performed to investi-
gate the effect of CO2-crude oil contact time to the oil
swelling factor and viscosity. Paraffinic oil from central
Sumatra Basin oil field was utilized in two different tests, for
obtaining swelling factor and oil viscosity values. Results
from the two tests reveal that the oil continuously swells and
the viscosity tends to decrease when the CO2-oil contact
time is increased. Optimum condition of CO2-oil contact
time is attained after 10 h, beyond that the results become
insignificant in oil swelling factor and low viscosity decline
rate.

References

1. Bagci, S., Tuzunoglu, E.: 3D model studies of the immiscible CO,
process using horizontal wells for heavy oil recovery. In: Annual
Technical Meeting. Petroleum Society of Canada, Jan 1998

2. Hepple, R.P., Benson, S.M.: Geologic storage of carbon dioxide as
a climate change mitigation strategy: performance requirements and
the implications of surface seepage. Environ. Geol. 47(4), 576–585
(2005)

3. Al-Abri, A., Amin, R.: Phase behaviour, fluid properties and
recovery efficiency of immiscible and miscible condensate dis-
placements by SCCO2 injection: experimental investigation.
Transp. Porous Media 85(3), 743–756 (2010)

4. Li, H., Zheng, S., Yang, D.T.: Enhanced swelling effect and
viscosity reduction of solvent (s)/CO2/heavy-oil systems. SPE J. 18
(04), 695–707 (2013)

5. Or, C., Sasaki, K., Sugai, Y., Nakano, M., Imai, M.: Swelling and
viscosity reduction of heavy oil by CO2-gas foaming in immiscible
condition. SPE Reservoir Eval. Eng. 19(02), 294–304 (2016)

Effect of CO2-Oil Contact Time on the Swelling … 57


	Preface
	Contents
	About the Editors
	Keynote
	1 Use of Artificial Intelligence in Determining the Location of Infill Wells in Hydrocarbon Exploration and Production Activities
	Abstract
	1 Introduction
	2 Case Study
	3 Summary and Concluding Remarks

	Advances in Petrophysical Characterization 	of Reservoir Rocks
	2 Rock Typing: Reservoir Permeability Calculation Using Discrete Rock 	Typing Methods (DRT): Case Study from the Algerian B-H Oil Field Reservoir
	Abstract
	1 Introduction
	2 Permeability Determination
	2.1 From Corps Data Analysis
	2.2 From Well Test Interpretation
	2.3 From NMR Interpretation
	2.4 From MDT Interpretation

	3 Methodology
	4 Results
	5 Discussion
	6 Conclusion

	3 A Fast and Less Expensive Test to Determine Permeability-Related Parameters on Well’s Drilled Cuttings
	Abstract
	1 Introduction
	2 Experimental Program
	3 Experimental Result
	4 Analysis of Experimental Results
	5 Conclusions
	References

	4 The Method of Analytic Calculation of Initial and Ultimate Pressure Gradients to Flow for Low-Permeability Reservoirs
	Abstract
	1 Introduction
	2 The Method of Analytic Calculation of Initial and Ultimate Pressure Gradients
	3 Results
	3.1 The Objective of Study

	4 Discussion
	5 Conclusions
	References

	5 Development of an Empirical Model for Predicting the Cation Exchange Capacity of Shaly Sandstones Using Complex Dielectric Permittivity Measurements
	Abstract
	1 Introduction
	2 Methodology
	3 Results
	4 Discussion
	5 Conclusions
	References

	6 Back Propagation and Hidden Weight Optimization Algorithms Neural Network for Permeability Estimation from Well-Logs Data in Shaly Sandstone Petroleum Reservoirs: Application to Algerian Sahara
	Abstract
	1 Introduction
	2 Reservoir and Data Description
	3 Permeability Estimation Problem and Neural Network
	3.1 Back Propagation Algorithm
	3.2 Hidden Weight Optimization Algorithm

	4 Results Interpretation
	5 Conclusions
	References

	7 Experimental Relationship Between Confining Pressure, Fluid Flowrates, Flow Time Period and Temperature on Effective Permeability to Water in High Porous Sandstone
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	References

	8 Petrophysical Properties Modeling Using the Geostatistical Approach: Case Study of Barito Basin, Indonesia
	Abstract
	1 Introduction
	2 Facies Determination
	3 Static Modeling
	4 Conclusion
	References

	Enhanced Oil Recovery Methods
	9 Considerable Influence of Reservoir Properties on the Production Flow Rate During Low Salinity Water Flooding
	Abstract
	1 Introduction
	2 Methods
	3 Results and Discussion
	4 Conclusions
	References

	10 Experimental Investigation of Low and High Salinity Water Injection Simulation and Their Comparison with Pure Water Injection to Determine Optimum Salinity
	Abstract
	1 Introduction
	2 Methods
	3 Results and Discussion
	4 Conclusions
	References

	11 Experimental Investigation of the Performance of Low Salinity Water Flooding at High Temperature
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

	12 Effect of Rising Reservoir Temperature on Production of High-Viscosity Oil
	Abstract
	1 Introduction
	2 Theoretical Background
	3 Results
	4 Discussion
	5 Conclusions
	References

	13 Effect of CO2-Oil Contact Time on the Swelling Factor and Viscosity of Paraffinic Oil at Reservoir Temperature
	Abstract
	1 Introduction
	2 Methodology
	3 Results
	4 Discussion
	5 Conclusions
	References

	14 Mechanistic Simulation of Foam Injection in the Sandstone Oilfield to Optimize the Oil Recovery Enhancement
	Abstract
	1 Introduction
	2 Methods
	2.1 Core Flooding Experiment

	3 Results and Discussion
	4 Conclusions
	References

	15 Nanoparticle-Stabilized CO2 Foam Flooding
	Abstract
	1 Introduction
	2 Experiments
	3 Results
	4 Discussion
	5 Conclusions
	References

	16 Foam Flooding in a Heterogeneous Porous Medium
	Abstract
	1 Introduction
	2 Experiments
	3 Results
	4 Discussion
	5 Conclusions
	References

	17 Synergetic Effect of SLS Surfactant of Bagasse on Enhanced Oil Recovery
	Abstract
	1 Introduction
	2 Methodology
	3 Results
	4 Discussion
	5 Conclusions
	References

	18 A Microfluidic Study of Immiscible Drainage Two-Phase Flow Regimes in Porous Media
	Abstract
	1 Introduction
	2 Experiments
	3 Results
	4 Discussion
	5 Conclusions
	References

	19 Creation of Saturation Maps from Two-Phase Flow Experiments in Microfluidic Devices
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements
	References

	20 Nonequilibrium Effects in Immiscible Two-Phase Flow
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	References

	Advances in Petroleum Exploration 	and Management
	21 Gravity Changes, Earthquakes 	and Oil Field (Italy)
	Abstract
	1 Introduction
	2 Instruments and Methods of Measurement
	3 Results
	4 Discussion
	5 Conclusions
	References

	22 Significance of Microbial Anomalies in Identifying the Hydrocarbon Prospects in Parts of a Petroliferous Region [Tunisia]
	Abstract
	1 Introduction
	2 Geological Setting
	3 Materials and Methods
	3.1 Sampling Techniques
	3.2 Isolation of Propane Oxidizing Bacteria

	4 Results and Discussion
	5 Conclusions
	References

	23 Conductivity and Temperature Corrections in the Djeffara Basin (Tunisia): Impact of the Basin Heat Flow Reconstructions
	Abstract
	1 Introduction
	2 Materials, Methods and Data Set
	3 Results
	3.1 Temperature Correction
	3.2 Conductivity Correction
	3.3 Heat Flow Correction

	4 Discussion
	5 Conclusions
	References

	24 Fault-Controlled on Hydrocarbon Migration and Accumulation of Baodao Northern Slope in the Qiongdongnan Basin, South China Sea
	Abstract
	1 Introduction
	2 Methodology
	3 Results
	4 Discussion
	5 Conclusions
	References

	25 A Visual Investigation of Different Pollutants on the Rheological Properties of Sodium/Potassium Formate Fluids
	Abstract
	1 Introduction
	2 Methods
	3 Results and Discussion
	4 Conclusions
	References

	26 The Integration of the Two Key Levers for the Success of a Company
	Abstract
	1 Introduction
	2 Integrating of Process Mapping and Risk Analysis
	3 Case Study
	4 Results and Discussion
	5 Conclusion
	Acknowledgements
	References

	27 Quantitative and Qualitative Characterization of Oil Field Produced Water of Upper Assam Basin (India)
	Abstract
	1 Introduction
	2 Materials
	3 Methodology
	3.1 Characterization of Produced Water
	3.2 Validation of Results

	4 Results
	4.1 Characterization of Produced Water
	4.2 Validation of Results

	5 Discussion
	6 Conclusions
	References

	28 Analyses and Treatment of Oil Field Formation Water of Upper Assam Basin (India)
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results
	3.1 Results of Water Cut Analysis
	3.2 Results of Physic-Chemical Analysis

	4 Discussion
	5 Conclusions
	References

	29 Experimental Analysis and Cement Slurries Properties Evaluation Using Novel Additives
	Abstract
	1 Introduction
	1.1 Portland Cement
	1.2 Novel Additives

	2 Tests and Procedures
	2.1 Fineness Test
	2.2 Compressive Strength Test
	2.3 Permeability Test
	2.4 Density Test

	3 Results
	3.1 Compressive Strength Test Results
	3.2 Permeability Test Results
	3.3 Density Test Results

	4 Discussions
	5 Conclusions
	References

	Evaluation of Hydrocarbon Source Potential 	and Petroleum System Modeling
	30 Petrographical Features of Organic Matter from Upper Jurassic Naokelekan Formation, Kurdistan-Iraq: A Study on Regional Thermal Maturity Trends
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

	31 Visual Kerogen Typing: A Case Study of the Northern Song Hong Basin (Vietnam)
	Abstract
	1 Introduction
	2 Data and Method
	3 Results
	4 Discussion
	5 Conclusions
	References

	32 Characterization of Potential Source Rock Intervals of Late Mesozoic to Cenozoic Age in the On- and Offshore Area of Cyprus and Their Impact on Petroleum Systems in the Eastern Mediterranean Sea
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

	33 Source Rocks and Hydrocarbon Accumulation Characteristics of Upper Cretaceous to Paleogene in the Northern Kaikang Trough, Muglad Basin, Sudan
	Abstract
	1 Introduction
	2 Methods
	3 Results
	3.1 Sedimentary Facies Characteristics
	3.2 Characteristics of Source Rocks
	3.3 Hydrocarbon Accumulation Characteristics

	4 Discussion
	5 Conclusions

	34 Ech Cheid Salt Structure and Its Influence on the Maturity of the Bahloul Fr Source Rock
	Abstract
	1 Introduction
	2 Methods
	3 Results
	3.1 Rock-Eval Results
	3.2 GC/MS Results

	4 Discussion
	5 Conclusions
	References

	35 Geochemical Characterization of the Permian Series and Associated Oil Indices in the Jeffara Area: Origin of Hydrocarbon and 1D Thermal Maturity Modeling
	Abstract
	1 Introduction
	2 Methods
	3 Discussion
	4 Conclusions
	References

	36 Geopetroleum Evaluation of the Ordovician and Triassic Reservoirs in the Southern Part of Chotts Area (Southern Tunisia) and Maturity Modeling
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Petrophysical Evaluation of Reservoirs in the Study Area
	3.2 1D Modeling of the Southern Region of the Chotts Basin

	4 Conclusions
	References

	37 Hydrocarbon Source Rocks within the Western Flank of the South Caspian Basin (Azerbaijan): Geochemical Study and Petroleum System Modeling
	Abstract
	1 Introduction
	2 Investigation Methods and Database
	3 Geochemical Study
	4 Petroleum System Modeling
	5 Conclusions
	References

	38 Organic Source Input, Thermal Maturity and Paleodepositional Conditions of Imo Formation in the Anambra Basin, Nigeria
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results
	4 Discussion
	4.1 Source of Organic Matter and Depositional Environment
	4.2 Thermal Maturity
	4.3 Tectonic Setting

	5 Conclusions
	References

	39 Biodegradation of Hopanes, Steranes and Tricyclic Terpanes in Heavy Oils
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Level of Biodegradation
	3.2 Biodegradation of Hopanes, Regular Steranes and Tricyclic Terpanes

	4 Conclusions
	References

	40 Detailed Hydrocarbon Analysis of Reservoir Fluids of Some Oil Fields of Upper Assam Basin (India)
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Methods
	2.2.1 Separation of FW from CO by Gravity and Chemical Separation Methods
	2.2.2 GC-MS Experiments
	Sample Preparation for GC-MS
	Standard Reference Database Analysis in GC-MS



	3 Results
	3.1 Organic Components Identified in FW-1, FW-2 and FW-3
	3.2 Organic Components Identified in CO-1, CO-2 and CO-3

	4 Discussions
	5 Conclusions
	References

	41 Geochemical Assessment of the Telisa Shale Gas Reservoir: A Case Study from the South Sumatra Basin, Indonesia
	Abstract
	1 Introduction
	2 Method
	3 Results and Discussions
	4 Conclusions
	References

	Non-Conventional Energy Resources
	42 Utilization of Abandoned Oil and Gas Wells for Geothermal Energy Production in Pakistan
	Abstract
	1 Introduction
	2 HDR Geothermal Energy Extraction from Abandoned Oil and Gas Wells
	3 Conclusions
	References

	43 Determination of Deliverability Equation and IPR for Siba Gas Condensate Reservoir in (Iraq)—Case Study
	Abstract
	1 Introduction
	2 Determination of Deliverability Equation for the Siba Gas Condensate Reservoir
	2.1 Determination of AOFP for the Siba Gas Condensate Reservoir

	3 Results
	3.1 Determination of IPR for the Siba Gas Condensate Reservoir
	3.2 Verification of Constructed IPR
	3.3 Prediction of Future IPR

	4 Discussion
	5 Conclusion
	References

	44 Stimulation-Based Recovery Enhancement Feedback of Oil-Rim Reservoirs
	Abstract
	1 Introduction
	2 Methods
	2.1 Simulation Procedure

	3 Results and Discussion
	4 Conclusions
	References

	45 Electrochemical Studies of Porphyrin and Its Metal Complexes
	Abstract
	1 Introduction
	2 Methods and Materials
	3 Results and Discussion
	3.1 Electrochemical Study Comparison of Compounds (A1, A2, A3)
	3.2 Electrochemical Study Comparison of Compounds (B1, B2, B3)

	4 Conclusions
	References




