
General Information

üOil Field: Ogallah Unit, Trego County, Kansas

üOperator: Carmen Schmitt, Inc.

ü Formation: Arbuckle

ü Formation depth: 3950-4060 ft

üReservoir temperature: ~110 ï125 F 

üReservoir pressure: ~ 1150 psia

üMMP: 1350- 1650 psig (110 -125 F)

Laboratory Tests

üOil characterization

üDensity, viscosity measurement

üSwelling/Extraction test

üSlim tube test

üCore flood experiment

Simulation

üPhase behavior model

üGeological model

üCompositional reservoir model

Objective

üDetermine the feasibility of using CO2

displacement at near miscible conditions to 

improve oil recovery with injection pressure 

below minimum miscibility pressure

üDevelop appropriate plan for field test if the 

project shows that significant oil can be 

recovered by the CO2 process operating at 

near miscible conditions
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Why Near Miscible?

üMany reservoirs are not considered for CO2 

miscible flooding because the maximum reservoir 

pressure that can be attained is less than the 

minimum miscibility pressure (MMP).

üNear miscible displacement refers to a process 

occurring at pressure slightly below MMP and is 

between immiscible and miscible. 

üWithin the pressure range near miscible, 

significant oil recovery was observed in slim-tube 

experiments and to a lesser extent in the core 

tests. 

üMechanisms in the displacement include 

extraction, oil swelling, oil viscosity reduction and 

favorable relative permeability as a result of 

reduction of interfacial tension between CO2 and  

oil.
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Carbon Number

ü Oil was characterized by GC simulated 

distillation method

ü MW : 228.71 gm/gmole

ü Density: 0.8584 g/cc

ü API gravity: 33.34

ü Viscosity: 13.37 cp
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Swelling factor CO2 solubility

ü In-house built vapor liquid equilibrium 

(VLE) view cell is used to conduct 

swelling and extraction tests

ü The swelling factor of oil is determined by 

the change of interface level as a result of 

dissolution of CO2 in the oil

Near Miscible CO2 Application to Improve Oil Recovery for Small Producers
RPSEA Small Producer Program
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ü Swelling test results at 110 F indicates 

that the oil swells as CO2 dissolves in the 

oil as the pressure is increased.

ü The oil swells as much as 24% of its initial 

volume in which 72 mole% of CO2 is 

dissolved in the oil.

ü Slim-tube experiments are conducted to 

determine minimum miscibility pressure 

(MMP).  

ü The oil viscosity and swollen oil viscosity 

were measured with a high pressure 

viscometer which uses electromagnetic 

technology to determine fluidôs viscosity.

ü At pressures below MMP, the density profile 

of effluent from slim-tube tests shows an 

abrupt change after CO2 breakthrough. 

ü Density of the mixture is much less than oil 

density but higher than the pure CO2 density 

at each corresponding pressure, indicating 

that vaporization takes place where light 

components of oil are extracted into the CO2

phase at near miscible pressure conditions.

ü When the oil recovery at 1.2 PV CO2

injection is plotted against the pressure, 

the minimum pressure required to reach 

0.9 HCPV recovery is defined as the 

MMP.

ü MMP is 1350 psig at 110 F and 1650 

psig at 125 F.

ü The CO2 saturated oil viscosity is reduced 

to as much as a factor of five at pressures 

above 1,000 psig.



Geological model

üStructure top and flow unit were 

constructed from log stratification study

üPorosity was estimated from log analysis 

and an in-house developed correlation 

between micro log and density neutron 

log.

üPermeability was derived from a 

correlation based on published 

petrophysical properties by Franseen, E. 

K. and Byrnes, A.P. (1999 AAPG, A18).

Phase Behavior Model

üPeng-Robinson EOS was applied.

üSystem consists of CO2 and four pseudo-

components as hydrocarbon components

üMolecular weight of heavy end of oil was 

adjusted to match oil density; coefficient of 

Pedersen correlation was adjusted to 

match oil viscosity.

üBinary interaction coefficients between CO2

and hydrocarbon components as well as 

volume shift factor of CO2 were adjusted to 

match saturation pressure and swelling 
factor with swelling data.
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Core # B1 A3

Length (cm) 6.52 6.38

Diameter (cm) 2.54 2.54

PV (cc) 6.78 6.63

Porosity 0.21 0.26

Perm. to Brine (md) 429 294

üCore flooding test apparatus for CO2

displacement experiment.

üCharacterization of Berea Sandstone core 

samples used in CO2 core flooding test.

üResults of CO2 core flooding test at 110 F

üCore samples were saturated with 100 % oil 

prior to CO2 injection.

üAt 4.5 PV of CO2 injection, the oil recovery 

varies from 32 to 68 % within the near 

miscible pressure range.

üPhase behavior model was adjusted against 

the swelling test and swollen oil viscosity 

data.

üPhase behavior model adjusted against PVT 

and swelling test data predicts the MMP and 

oil recovery above the MMP reasonably well.

üArbuckle formation top generated with Petra.

ü Log displayed are Gamma Ray, Laterolog, 

Microlog and Neutron log.

ü Log stratification study identifies the top of 

Arbuckle, Reagan and Granite wash.

ü Logs displayed are Shale volume, Effective 

porosity and water saturation calculated from 

quantitative analysis 

üArbuckle formation top generated with 

Builder (Computer Modeling Group LTD).

üOgallah unit 3D map generated with Builder.

üBlue color indicates structure high.

üOgallah unit porosity and permeability map.

üOgallah unit initial oil saturation map.

Arbuckle

Reagan

Granite

Project Status and Summary

üCompleted slim-tube tests for MMP measurement.

üCompleted swelling tests.

üCompleted phase behavior model.

üCompleted preliminary geological model.

üCore flooding test with CO2 displacement is in 

progress to

ü determine incremental oil recovery from 

residual oil after waterflooding (Sorw) with 

Berea core.

ü repeat same tests with Arbuckle cores.

üConstruction of reservoir model is in progress to 

history match the field operation and predict the 

recovery from the field by CO2 injection at near 

miscible conditions.

üAt 110 F, MMP determined from slim-tube test is 

1,350 psig.

üAt 110 F, near-miscible pressure range defined 

from this study is between 1,150 and 1,350 psig.

üAt pressure near miscible, extraction or vaporization 

is a primary mechanism for mass transfer.

üOil viscosity reduction factor of five is achieved in 

the near miscible region with injection of CO2.

ü In the near miscible region, significant oil recovery 

was observed in slim-tube tests and to a lesser 

extent in the core flow tests. 
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