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The book of “Fundamentals of Minimum Miscibility 

Pressure Determination Methods” provides a practical 

reference source for knowledge regarding minimum miscibility 

pressure (MMP) methods. This book contains some methods to 

determine minimum miscibility pressure based on literature 

review that may be used for the better understanding to 

industries, researchers, students, and many more. In other hand, 

the book results valuable information for lesson-learn, planning, 

execution, and monitoring the CO2 projects in the near future. 

Chapter I serves as an introduction to the subject. Chapter 

II is more specialized describing some of the methods to 

determining minimum miscibility pressure. Chapter III 

describes about advantages and disadvantages of the methods. 

Suggestions of many readers were evaluated in preparing 

this book. Any further comment and suggestion for 

improvement of the book will be gratefully appreciated. Please 

feel free to contact us directly. 

Pekanbaru, August 2020 

 

PREFACE 
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Enhanced oil recovery (EOR) is an important method to 

increase oil production in mature fields [Alvarado and Manrique, 

2010]. This method has been proved to enhance the recovery or 

prolong the life of an oil field. Several oil fields have been 

implemented EOR methods such as Daqing Oil Field in China 

[Corlay et al., 1992], Sacroc Unit in Texas [Gill, 1982], Duri 

Field in Indonesia [Pearce and Megginson, 1991], and Bate 

Raman in Turkey [Sahin et al., 2007]. Regardless of its 

successful implementation, the EOR method is still considerably 

expensive due to the high initial capital investment cost. Also, 

long-time preparation process that is required from laboratory 

studies to field implementation contributes to the high cost 

[Sutadiwiria and Azwar, 2011].  

CO2 injection is one of the promising EOR and it has been 

proved to increase oil recovery during the last decade [Espie, 

2005], especially in the low-permeability and tight/shale 

reservoirs [Jia et al., 2019]. This method has at least two 

advantages. It does not only increase the oil recovery from 

Chapter 1 

INTRODUCTIONS 
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mature fields but also contribute to gas emission reduction by 

storing the CO2 in the reservoir depth [Gorecki et al., 2012; Saini 

and Jimenez, 2014].  

One of the main challenges in the CO2-EOR 

implementation is its requirement of having high reservoir 

pressure in order to maximize the oil recovery from the injection 

[Holm and Josendal, 1974]. At high reservoir pressure condition, 

the CO2 and crude oil are miscible easily. In this case, the CO2 

requires a minimum threshold pressure to be miscible with crude 

oil. This lowest pressure to achieve the miscibility between the 

injected CO2 and the oil within the reservoir is called the 

minimum miscibility pressure [Mungan, 1981]. In this book, the 

minimum miscibility pressure is often abbreviated as MMP. 

Accurate determination of the MMP for a given oil-gas system is 

an important parameter for screening and selecting reservoirs 

for the injection system design of CO2 miscible flooding projects 

in the oil field. For the highest oil recovery, a candidate reservoir 

must be capable of withstanding an average reservoir 

pressure greater than the CO2 MMP. Also, knowledge of the 

accurate determination of CO2 MMP is important for simulation 

of reservoir performance as a result of CO2 injection [Shokir, 

2007]. 
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Despite the tremendous success of miscible CO2 in 

increasing oil recovery of tight reservoirs, the CO2−C3H8 

mixture is found to be substantially more effective than CO2 

alone in terms of oil viscosity reduction and swelling (Luo et al., 

2012). Zheng et al. (2016) have reported that C3H8 is able to 

diffuse into heavy oil better than CO2 when both gases meet the 

same conditions. Choubineh et al. (2019) revealed that 

increasing C3H8 concentration leads to a significant decrease in 

CO2 MMP oil systems. 

Numerous methods have been published for predicting the 

MMP including slim tube tests as performed by Yellig and 

Metcalfe [1980] and Holm and Josendal [1982]; correlations as 

conducted by Johnson and Pollin [1981], Sebastian et al. [1985], 

Glaso [1985], Orr and Silva [1987], and Johnson and Orr Jr 

[1996]; tests using rising bubble apparatus (RBA) as conducted 

by Christiansen and Kim [1987], El-Sharkawy et al. [1996], 

Hagen and Kossack [1986], and Zhou and Orr [1998]; simulation 

work as performed by Ahmed [2000], Stalkup and Yuan [2005], 

and Dzulkarnain et al. [2011]; vanishing interfacial tension tests 

(VIT) as conducted by Rao [1997], Ayirala and Rao [2006], 

Nobakth et al. [2008], and Jessen and Orr Jr [2008]; swelling 

tests as conducted by Tsau et al. [2010] and Abdurrahman et al. 

[2015]; visual observation as conducted by Hagen and Kossack 
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[1986], Wang [1986], and Abdurrahman et al. [2015]. However, 

it has long been recognized that each method has its own 

advantages and disadvantages in estimating the MMP. For 

example, slim tube experiment is time consuming, requires a lot 

of samples, and no standardized specification and procedure as 

noted by Jarrel et al. [2002] and Johns et al. [2000]. Simulation 

method must have very good quality of input data while over 

tuning the parameters may affect the final results as mentioned 

by Lee and Reitzel [1982] and Firoozabadi and Khalid [1986]. 

The correlation method must also be used with caution as the 

correlations may not reflect all the necessary process parameters 

needed in a typical CO2 flooding as noted by Menouar [2013]. 

Rising bubble apparatus testing and visual observation have also 

disadvantages as their results are very subjective and very rough 

as mentioned by Thomas et al. [1994], Farzad and Amani [2012] 

and Abdurrahman et al. [2015]. Furthermore, the MMP through 

swelling tests cannot be determined when there is a lack of 

extraction stage in the experiment as shown by Tsau et al. [2010]. 

As a result, the method may have to be further examined to 

obtain satisfying results. Nevertheless, the majority of these 

methods are generally acceptable in the oil industry for 

predicting the MMP while at the same time many investigators 

are still questioning these methods including Thomas et al. 
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[1994], El-Sharkawy et al. [1996], Johns et al. [2000], Ayirala 

and Rao [2006], Johnson and Orr Jr [1996], Rao [1997], Luo and 

Chen [2001], and Zhang et al. [2019]. 
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2.1 Minimum Miscibility Pressure 

The efficiency of oil displacement by CO2 gas strongly 

depends on the pressure. The lowest pressure at which the CO2 

gas can develop miscibility with the reservoir crude oil at the 

reservoir temperature is defined as the minimum miscibility 

pressure [Mungan, 1981]. For the purpose of simplicity, the 

minimum miscibility pressure is often abbreviated as MMP 

throughout this book. There are five conventionally commonly-

used experimental methods for the MMP determinations of 

various oil-gas systems, including the slim-tube test, coreflood 

test, rising-bubble apparatus (RBA), vanishing interfacial 

tension (VIT) technique, and pressure‒volume‒temperature 

(PVT) or swelling test [Zhang et al., 2019]. Slim tube 

displacement tests are widely used for determining the MMP for 

a given crude oil. There are several factors that affect the MMP 

including: 

- reservoir temperature 

Chapter 2 
OVERVIEW OF THE MINIMUM MISCIBILITY 

PRESSURE DETERMINATION METHODS 

 



Fundamentals of Minimum Miscibility Pressure Determination Methods | 8  

- oil characteristics and properties such as the API gravity 

- injected gas composition 

- concentration of C1 and N2 in crude oil 

- oil molecular weight 

- concentration of intermediate components (C2-C5) in the oil 

phase. 

   There is a strong relationship between the reservoir 

temperature and the MMP. Obviously, a high reservoir 

temperature leads to the higher MMP. At higher temperature, the 

gas is getting difficult to dissolve into the crude oil. Also, the 

MMP increases when the molecular weight is high and the oil 

contains higher concentrations of C1 and N2.  Lighter gas and 

higher pressure is required to change from the gas state to critical 

state. In gas injection cases, the optimum oil recovery can be 

achieved if the gas state is in critical fluid and at the same time 

the density between gas and crude oil is close to each other. Low 

molecular weight gasoline range hydrocarbons are particularly 

effective to lead the decreases of the MMP. High oil molecular 

weight means more heavy component exists in the crude oil. The 

heaviest component tends to increase the MMP. On the other 

hand, the existence of more intermediate concentration in crude 

oil leads to the decreases of the MMP. The figures below show 

the effect of some parameters on the MMP. The effect of  
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temperature is shown in Figure 2.1, effect of molecular weight is 

shown in Figure 2.2, and effect of injected gas composition is 

shown in Figure 2.3. 

 

         Figure 2.1 Effect of temperature on the MMP [Yellig and 

Metcalfe, 1980] 
 

 

 

 

 

 

     

 Figure 2.2 Effect of oil molecules on the MMP [Mungan, 

1981] 
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Figure 2.3 Effect of injected gas composition on the MMP 

[Wilkinson et al., 2010] 

2.2 Previous Research 

Based on previous studies, there are three different 

methods to predict MMP; (1) Experimental measurements, (2) 

Empirical correlations based on experimental results, and (3) 

Phase-behavior calculations based on an equation of state (EOS) 

and computer modeling.  

 

2.2.1 Experimental Measurements 

Numerous researchers have conducted MMP 

determination using experimental measurements methods 

including slim tube tests, coreflood tests, rising-bubble apparatus 

(RBA) tests, vanishing interfacial tension (VIT) tests, and 

pressure‒volume‒temperature (PVT) or swelling tests. A slim 
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tube test has been widely used in the oil industry for determining 

the MMP. However, this method has still some disadvantages 

such as time consuming and requires a lot of samples. To obtain 

satisfying MMP value some investigators combined several 

methods and compare the results to each other. The methods that 

have been used for this purpose were rising bubble apparatus 

tests, interfacial tension tests, and swelling tests. Among the 

reasons why they used those methods were fewer requirements 

of oil samples and the ability to rapidly produce the MMP. 

Regardless the methods chosen by the previous researchers, the 

fastest ways to obtain the MMP are in fact the simulation and the 

correlation methods. However, the two methods require accurate 

oil and reservoir properties input data in order to obtain proper 

results. 

2.2.1.1 Slim Tube Test 

   The slim tube test is a well-known method for measuring 

the MMP. Despite having several disadvantages, this method is 

often considered as the industry standard by many investigators. 

They believe that there is no other effective alternative 

experimental method that can measure the gas-oil miscibility as 

correctly as the slim tube test [Ayirala and Rao, 2006; Zheng et 

al., 2019]. Using the slim tubes, the interaction of flow with 

phase behavior is accommodated. Moreover, condensing and 
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vaporizing of mass transfer can be developed and it is called 

multi contact miscibility. The miscibility states are resolved 

indirectly from oil recovery in this method. Unfortunately, slim 

tubes used in the industry vary greatly in designs. The slim tube 

variety is in term of length, permeability, porosity, diameter, and 

type of packing. During the present study, more than 40 studies 

have been found in the literature that demonstrate the effect of 

different design on the MMP. Due to the different designs, some 

of the conclusions of the miscibility studies using slim tube have 

been found to be contradictory [El-Sharkawy et al., 1996]. Figure 

2.4 shows the general schematic of commonly used slim tube 

arrangement. Table 2.1 shows a range of reported specifications 

of slim tube as usually used in the laboratory. 
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Figure 2. 4 Schematic of a slim tube apparatus 

[El-Sharkawy et al., 1996]. 

 

The typical experimental procedure is as follows. The slim 

tube apparatus is initially saturated with reservoir oil, and the gas 

is injected at different pressures, temperatures and injection rates 

to simulate the liquid‒gas fluid flow in porous media. The 

volume of the produced fluid is collected as a function of the 

pressure and temperature. This enables detection of the 

displacement front at the exit end of the slim tube.  
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Table 2.1 Range of specifications of slim tube found in the 

literature. 

Specification Unit Literature 

Tube internal 

diameter Inch 0.12 - 0.63 

Tube Length Ft 5 - 120 

Packing 

material 

Mesh 

number 

Glass beads, sand 

50 - 270  

Porosity % 32 - 45 

Permeability Darcy 2.5 - 250 
 

 

The purpose of using a long slim tube is to diminish the 

effect of transition zone length. The small diameter tubing is 

justified to foil the viscous fingering. There are several opinions 

among the researchers about slim tube measurement. According 

to some of them, the packing material has no effect to the 

minimum miscibility. Others, however, mentioned that the oil 

recovery depends on dispersion level. Also, the range of porosity 

in the slim tube does not appear to be a critical factor. In contrary, 

the permeability influences the injection rate during the flooding. 

With high permeability, the pressure drop would be low while 

operating at a high frontal displacement rate [El-Sharkawy et al., 

1996]. 
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The oil recovery determined is high due to the idealized 

properties of slim tube such as high permeability and absence of 

water in the pore. Oil recovery should be measured in several 

times at a variety of pressure then the minimum miscibility can 

be determined. Figure 2.5 shows the recovery factor vs. pressure. 

This figure emphasize the MMP determined when the break over 

point occurred. 

 

         Figure 2.5 MMP determination from break over point 

   The slim tube experiment to measure the MMP was used 

in oil industry since 1950. This method represents a single chain 

of connected reservoir pores exhibiting realistic solvent 

displacement efficiency. However, this method is not the three 

dimensional sweep efficiencies characteristic like core flooding 

experiments of a real reservoir element. The displacement 
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usually is terminated after injection achieved 1.2 pore volumes 

(PV) gases. The recovery at that point is referred to as the 

ultimate recovery. Various recovery levels, involves 80% at gas 

breakthrough, or 90-95% ultimate recovery has been suggested 

as the criteria for miscible displacement. However, the oil 

recovery depends on the slim tube design and operating 

conditions [Ahmed, 2007]. The most acceptable criteria MMP 

on the break over point of the ultimate oil recovery as shown in 

Figure 2.5. 

2.2.1.2 Rising Bubble Apparatus Test 

   Rising bubble apparatus (RBA) was first developed by 

Christiansen and Kim [1986] and then followed by Christiansen 

and Haines [1987]. In their experiments, the MMP was 

determined by monitoring the shape of the gas bubble as it rises 

through an oil column at the altered pressure level and certain 

temperature. The specification that apparatus involves a glass 

tube thick was 1 mm, width was 5 mm, and length was 28 cm. 

Figure 2.6 shows the schematic diagram of rising bubble 

apparatus (RBA) used in the laboratory. 
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Figure 2. 6  Schematic description of RBA                          

[Adekunle and Hoffman, 2014]. 

Regarding to observation the gas bubble and its behavior, 

the gas bubble was captured and stored using video camera. The 

magnified view of the bubble is observed on the screen. The time 

for a bubble to travel through the column between 4 second for 

a spherical bubble and 10 seconds for spherical caps. The 

experiment should be repeated three times to record bubble 

images at the bottom, the middle, and the top of the column 

[Zhou and Orr Jr., 1998].  

The MMP is indicated by the evolution of shape of the 

bubbles through the oil in rising bubble apparatus. In the 

vaporizing gas process, at immiscible condition or below the 

MMP, a gas bubble has a similar shape. However, at the MMP, 
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the upper surface of bubble retains its bullet shape, moreover, the 

bubble which moves up in the column to the bottom of the bubble 

degrades and quickly disperses into the oil. At pressure above the 

MMP, the gas bubbles disperse immediately upon contact with 

the oil without any indication of interface [El-Sharkawy et al., 

1996]. Figure 2.7 shows the bubble behavior in the vaporizing 

gas process during rising bubble apparatus.  

The rising bubble apparatus also can be used for predicting 

the MMP in a condensing gas process. Around 5 to 10 bubbles 

of enriched gas are sequentially injected at each pressure. Below 

the MMP, the evolution of bubble shape is similar for each of 

sequentially injected bubbles. However, above the MMP, the 

evolution of bubble shape changes with each successive bubble 

injected into the column of oil [El-Sharkawy et al., 1996]. Figure 

2.8 shows the bubble behavior for condensing gas process. 
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Figure 2. 7 Bubble behavior of vaporizing gas process [El-

Sharkawy et al., 1996] 

      

Below MMP At MMP 
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 Figure 2. 8 Bubble behavior of condensing gas process [El-

Sharkawy et al., 1996] 

The rising bubble apparatus is qualitative method to 

predict the MMP. Visual observation is subjective method and 

its results somewhat arbitrary. However, rising bubble apparatus 

is cheaper due to its rapidity and consumes less oil compare to 

slim tube test. The MMP determined by using this method can 

be obtained in less than two hours. The disadvantages this 

method involves subjective interpretation, lack of quantitative 

Below MMP Near MMP Above MMP 
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evidence to satisfy the results and some arbitrariness with 

miscibility interpretation.  

2.2.2 Empirical Correlation Methods 

  Numerous correlation methods have been published in 

order to estimate the MMP since 1978. Researchers conducted 

experiments and it yielded correlation method such as proposed 

by Cronquist [1978], Yellig and Metcalfe [1980], Johnson and 

Pollin [1981], Glaso [1985], Alston et al. [1985], Sebastian et al. 

[1985], Orr and Jensen [1986], Orr and Silva [1987], Yuan et al. 

[2004], National Petroleum Council [1976], Shokir [2007]; Chen 

et al. [2013]; Zhang et al. [2015]. 

Cronquist Correlation 

According to 58 data point from Cronquist experiments in 

1978 [Cronquist, 1976]. He proposed the correlation method for 

estimating MMP. The MMP is affected by several parameters 

such as temperature, molecular weight of the oil pentanes-plus 

fraction, and mole percentage of impurity gas such as methane 

and nitrogen. The correlation has following: 

𝑀𝑀𝑃 =  15.988 (𝑇 460)𝐴  ................................................... (1)                                        

With: 

𝐴 = 0.744206 + 0.0011038 𝑀𝐶5+ + 0.0015279𝑦𝐶1−𝑁2  ...... (2) 
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Where,  

T  = reservoir temperature, oR 

YC1-N2  = mole percentage of methane and nitrogen in injected 

gas. 

Yellig and Metcalfe Correlation 

Yellig and Metcalfe [1980] performed experiments and they 

proposed a correlation for predicting the MMP as a function of 

temperature. The correlation has the form of the following: 

𝑀𝑀𝑃 = 1833.7217 + 2.2518055 (𝑇 − 460) +

0.0180067 (𝑇 − 460)2 − 
103949.93

𝑇−460
 ...................................... (3) 

where,  

T  = reservoir temperature, ºR 

Yellig and Metcalfe emphasized that if the bubble point pressure 

of the oil is greater than the MMP then the MMP is equal to the 

bubble point pressure. 

Sebastian Correlation 

Sebastian et al. (1985) proposed correlation method to 

predict the MMP. The correlation has following: 

𝑀𝑀𝑃𝑖𝑚𝑝 = [𝐶]𝑀𝑀𝑃 ........................................................ (4)                   

Where the correction of parameter C is given by: 
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𝐶 = 1.0 − 𝐴 [0.0213 − 0.000251 𝐴 − 2.35 (10−7) 𝐴2] .... (5) 

With, 

𝐴 =
[𝑇𝑐𝑚 − 87.89]

1.8
 

𝑇𝑐𝑚 = Σ𝑦𝑖  (𝑇𝑐𝑖 − 460) 

Where, 

MMP  = The MMP of pure CO2 

MMP imp  = The MMP of the contaminated    CO2 

yi = mole fraction of component I in the injected gas 

Tci  = critical temperature of component in the injected gas, 

ºR 

To give an improved match to their data, the authors adjusted 

Tc, of H2S between 212 ºF and 125 ºF. 

Alston’s Correlation 

Alston, Kokolis, and James introduced correlation method 

for predicting the MMP since 1985 [Alston et al., 1985]. Alston 

et al. pointed out some of the data, such as the temperature, oil 

C5+ molecular weight, volatile oil fraction, intermediate oil 

fraction, and the composition of the CO2 stream. The correlation 

has following: 
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𝑀𝑀𝑃 = 0.000878 (𝑇 − 460)1.06 (𝑀𝐶5+)1.78  [
𝑋𝑣𝑜𝑙

𝑋𝑖𝑛𝑡
]

0.136

 ... (6)  

 

where, 

T  = system temperature, ºR 

MC5+  = molecular weight of pentane and heavier fraction in the 

oil phase 

Xint  = mole fraction of intermediate oil components (C2 – C4, 

CO2, and H2S) 

Xvol  = mole fraction of the volatile (C1 and N2) oil components  

Contamination of CO2 with volatile component such as C1 

and N2 has been shown to have effect on increasing the MMP of 

CO2. Vice versa, the addition of intermediate components to CO2 

has shown to decrease the MMP. The authors tried to take 

account effect of the presence of contaminants in the injected 

CO2. They pointed out of the pseudo critical temperature (Tpc) of 

the injected gas and the pure CO2 MMP correlation as follows: 

𝑀𝑀𝑃𝑖𝑚𝑝 = 𝑀𝑀𝑃 [
87.8

𝑇𝑝𝑐
]

168.893

𝑇𝑝𝑐−460
 .............................................. (7)  

The pseudo critical temperature of the injected gas is following: 

𝑇𝑝𝑐 = 𝛴𝜔𝑖 𝑇𝑐𝑖 − 460  ............................................................. (8)                              

where, 
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MMP = The MMP of pure CO2 

MMP imp = The MMP of the contaminated CO2 

ωi  = weight fraction of component I in the injected gas 

Tci  = critical temperatures of component in the injected gas, 

in ºR 

T  = system temperature, in ºR 

The authors emphasized that the uniform critical temperature 

value of 585 ºR for H2S and C2 in the injected gas. 

 

National Petroleum Council Method 

The National Petroleum Council (NPC) proposed the 

correlation to estimate the MMP [Council NP, 1976]. The 

correlation uses two parameters namely the API gravity and the 

temperatures. The correlation is as follows: 

Table 2.2 Correlation API with MMP 

Oil Gravity, API MMP, psi 

< 27 4,000 

27 – 30 3,000 

    >30 1,200 
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Table 2.3 Reservoir temperature correction 

T (ºF) Additional Pressure, psi 

< 120 0 

120 – 150 200 

150 - 200 350 

200 - 250 500 

Orr and Jensen 

Orr and Jensen proposed the correlation method for 

predicting the MMP in 1986 [Orr and Jensen, 1986]. Their 

method emphasized for low reservoir temperature (T < 120 ºF). 

The correlation has following: 

𝐸𝑉𝑃 = 14.7 𝑒𝑥𝑝 [10.91 − 
2015

255.372+0.5556 (𝑇−460)
]… ........... (9) 

where, 

EVP = extrapolated vapor pressure, psia 

T = temperature, ºR 
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Yuan’s Correlation 

Yuan et al. proposed the correlation for predicting the MMP 

in 2005 [Yuan et al., 2005]. They conducted 41 experiments 

through a slim tube test. Then, the conclusion from their 

experiment shown some of parameter affected to the MMP such 

as molecular weight of heptane’s-plus fraction, temperature, 

mole percent of the intermediate components (C2-C6). The 

correlation has following: 

𝑀𝑀𝑃 = 𝑎1 + 𝑎2 𝑀𝐶7+ + 𝑎3  𝐶𝑀 + [𝑎4 +

𝑎5 𝑀𝐶7+  
𝑎6 𝐶𝑀

(𝑀𝐶7+)2] (𝑇 − 460) + (𝑎7 + 𝑎8 𝑀𝐶7+ +

𝑎9 (𝑀𝐶7+)2 + 𝑎10 𝐶𝑀 (𝑇 − 460)2 ....................................... (10)                                      

with the coefficients as follows: 

a1 = -1463.4  a6 = 8166.1 

a2 = 6.612  a7 = -0.12258 

a3 = -44.979  a8 = 0.0012283 

a4 = 21.39  a9 = -4.052 (10-6) 

a5 = 0.11667  a10 = -9.2577 (10-4) 

2.2.3 Simulation/EOS 

Ahmed [2000] proposed a practical and simple procedure 

for determining the MMP. The methodology is created by 

applying the Peng and Robinson equation of state. However, 
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predictions with the equation of state are compared with the 

measured MMP from a slim tube test. There is no guarantee to 

be sure either the MMP prediction using EOS properly or not 

[Stalkup and Yuan, 2005]. There are two methods for predicting 

the MMP using an EOS. First, slim tube simulations with a 

compositional simulator and second is analytically. The 

analytical way predicts a true thermodynamic MMP in the lack 

of dispersion of the oil and injected gas.  

The following stages are used in the commercial simulator, 

WinProp/CMG [2014] to determine the MMP at a given 

temperature: 

- Choose an initial pressure below the MMP; 

- The solvent is formed by mixing the primary gas with a 

specified mole fraction of make-up gas; 

- The solvent is added to oil at specified solvent in oil molar ratio 

increments and flash calculations are performed until two 

phase region is detected; 

- Using the first point in the two phase region detected in step 3, 

the flashed liquid is mixed with the original solvent at the 

specified solvent to liquid ratio and the flash calculation is 

performed. This process simulates a condensing gas drive 

process; 
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- The procedure is repeated until the liquid composition is same 

as the vapor composition and the MMP is the pressure at which 

this occurs; 

- If it is not true, then the pressure is increased to a new value 

and steps 3 to 5 are repeated; 

- The procedure is the same for a vaporizing drive process 

except step 4, where the flashed vapor is mixed with the 

original oil in the specified gas oil mixing ratio and then flash 

calculation is performed. 

The gas injection process usually involves a multiple 

contact calculation to point out the vaporization or extraction 

process. A pseudo ternary diagram is constructed from the 

calculations to assist the interpretation of the results. The 

multiple contact miscibility (MCM) option in WinProp can be 

used for predicting the MMP or first contact miscible pressure 

(FCM) at given temperature, pressure, oil composition, primary 

and make-up gas composition. The MMP can be determined for 

a given solvent composition by entering a range of pressure to be 

tested. The program reported the MMP, if found and the 

mechanisms by which miscibility is occurring, that is vaporizing 

or condensing drive mechanism.  
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2.3. Current Research 

   Numerous approaches have been published for 

determining the MMP using slim tube and rising bubble 

apparatus. Those researchers involve are Holm and Josendal 

[1974], Christiansen and Haines [1987], Yellig and Metcalfe 

[1980], El-Sharkawy et al. [1996], Thomas et al. [1994]. 

However, other researchers have been introduced difference 

approaches for predicting the MMP, such as using the interfacial 

tension test, swelling test, and visual observation involves Rao 

[1997], Nobakth et al. [2008], Jessen and Orr Jr [2008], Ayirala 

and Rao [2006], Hawthorne et al. [2014], Tsau et al. [2010], 

Abdurrahman et al. [2015].  

2.3.1. Interfacial Tension Test 

Rao [1997] proposed a new technique for estimating the 

MMP during the interfacial tension test. His method is namely 

vanishing interfacial tension (VIT). Figure 2.9 shows the 

experimental systems used by Rao. He pointed out that the 

miscibility is occurred when no interface separating the phases, 

or the value of interfacial tension between the two phases is zero. 

Figure 2.10 shows the MMP is obtained from the interfacial 

tension test. In recent year, some of researcher followed Rao 

method to predict the MMP. This method can be used to 
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determine the MMP properly and quickly. Numerous researchers 

performed VIT such as Rao [1997], Nobakth et al. [2008], Jessen 

and Orr Jr [2008], Ayirala and Rao [2006], and Hawthorne et al. 

[2014]. Figure 2.11 shows the experimental systems developed 

[Nobakth et al., 2008].   

The interfacial tension measurements are performed with 

computer digitization of the image of the profiles of the sessile 

or pendant drops of crude oil covered in the surrounding of 

injection gas. By fitting these actual drop profiles with the 

iterative solution of the Laplace capillary equation, the value of 

interfacial tension is achieved at each pressure or enrichment 

level. 
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Figure 2. 9 Experimental systems [Rao, 1997]. 

The Laplace theory point out that an attractive force stands 

between all atoms and molecules carrying them as close together 

as the repulsion forces arising from overlapping electron shells 

will allow. Young and Laplace recognized that the attraction 

forces between molecules would build a pressure differences 

around a curved liquid-fluid interface. The derivation of pressure 

difference in terms liquid surface tension of following Eq. (11).  

∆𝑃 = 𝛾 (
1

𝑅1
+  

1

𝑅2
)   1........................................................... (11) 
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where, 

ΔP = the pressure difference across the interface 

γ = interfacial tension 

R1 and R2 = principal radius of curvature 

The basis of balancing the pressure difference around an 

interface with the gravitational forces has been known, resulting 

in the well-known expressions of sessile (captive) and pendant 

(hanging) drops and bubbles. The method is known as the 

axisymmetric drop shape analysis (ADSA). It method depend on 

numerical integration of the Laplace capillary equation. The 

strategy employed in the ADSA method is to create an objective 

function which expresses the deviation of the physically 

monitored curve of the profile of the interface from a theoretical 

curve which meets the above equation. This aim function is to 

minimize numerically using the method of incremental loading 

in conjunction with the Newton-Raphson iteration technique. 

The input data required such as oil gravity, densities of liquid 

and fluid phases, and coordinate points that describe the 

observed profile of the interface. 

The ADSA technique is different from other methods due 

to some reason. First, the objective function, which is the value 

the discrepancy between the calculated Laplacian curve and the 

evaluated curve, is the sum of the squares of the normal distances 
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between the measured and the computed curve. Second, the drop 

shape can be measured through any appropriate reference frame. 

Third, no specific starting values are needed for the interfacial 

tension, radius of curvature at the apex, and the coordinates of 

the origin. Fourth, the analytically determined integrands 

diminish the loss of accuracy in the computation of the objective 

function and its first and second derivative. Fifth, the numerical 

process combines both the sessile and pendant drop method 

without the need for any table of shape factors. 

 

Figure 2.10 Determination of MMP during interfacial tension 

test [Ayirala and Rao, 2007]. 
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Figure 2.11 Experimental systems [Nobakth et al., 2008] 

2.3.2. Swelling Test 

Hand and Pinczweski [1990] pointed out that 

swelling/extraction tests are simple single contact phase 

behavior experiments that offer a measurement of the amount 

of hydrocarbon that CO2 can extract or vaporize from crude oil. 

However, Tsau et al. [2010] proposed for predicting the MMP 

through swelling test. This method has been proved by 

Abdurrahman et al. [2015]. In their experiments, the MMP 

through swelling test is close to the slim tube measurement. The 

discrepancies between both of method are in the range of 0.6% 

– 0.7% of Tsau et al. [2010] and 1.2% - 3.9% of Abdurrahman 
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et al., 2015). Figure 2.12 shows the plots swelling test vs 

pressure to predict the MMP. 

 

Figure 2.12 Estimation of MMP from swelling test [Tsau et 

al., 2010] 

Tsau et al. [2010] proposed the MMP to be determined 

through swelling tests when the straight-line curve of the 

extraction-condensation stage and the extraction stage intersects 

each other. However, the MMP cannot be determined 

graphically from the plot when it lacks of the extraction stage 

(see Figure 2.13). 
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Figure 2.13 The MMP cannot be determined due to lack of 

extraction stage [Tsau et al., 2010] 

2.3.3. Visual Observation 

Hagen and Kossack [1986] proposed to predict the MMP 

through the visual sapphire cell. The MMP is determined by 

observations of droplets of gas passing through the reservoir 

fluid. By making multiple contacts between the injected gas and 

reservoir fluid, the injected gas will dissolve into the reservoir 

fluid at the MMP.  Wang [1986] proposed a method for 

predicting the MMP during CO2 extraction process through the 

high pressure view cell. In his experiment, Wang [1986] divided 

three zones when the CO2 interaction with the crude oil. First 
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zone is namely CO2 condensation. In this condition the crude 

oil began to swell beyond this point signifying CO2 

condensation into the crude oil phase.  Second zone is namely 

extraction-condensation zone. Abundant micro sized particles 

were evaporated from the oil, it was the coalesced, condensed, 

and fell back into the crude oil. This extraction condensation 

process became increasingly robust as the pressure was further 

increased. Meanwhile, the oil phase continued to swell and 

gradually altered its color from black to reddish brown. Third 

zone, the oil phase swelled to its highest volume. At this point, 

a light colored CO2 rich phase emerged and grew rapidly with 

increased pressures. The growth of CO2 rich liquid phase was 

accompanied by shrink of the oil rich phase and precipitations 

of asphalting flakes. The interface between the CO2 rich phase 

and CO2 vapor disappeared and this pressure was defined as the 

MMP. Figure 2.14 shows the illustration miscibility process 

through visual cell. 
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Figure 2.14 Illustrating the miscibility process through visual 

observation [Wang, 1986] 
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3.1. Advantages and Disadvantages of Experimental 

Methods 

Several experimental methods were conducted in order to 

estimate the MMP in this research. These methods involve slim 

tube test, interfacial tension test, and swelling test. Each method 

has several advantages and disadvantages during experiments. 

Advantages and disadvantages of each method will be described 

as below. 

3.1.1. Slim Tube Test 

   The slim tube test is regularly referred to as the industry 

standard for estimating the MMP. Unfortunately, this method has 

several weaknesses such as nonexistence of the standard design, 

nor standard operating procedure, nor a standard setting of 

criteria for determining the MMP. Slim tube length, diameter, 

type of packing, the permeability and porosity of the packing 

have varied greatly in the design used in industry. Slim tube 

Chapter 3 
ADVANTAGES AND DISADVANTAGES OF THE 

MINIMUM MISCIBILITY PRESSURE 

DETERMINATION METHODS 
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experiments can even yield misleading results depending on the 

level of physical dispersion present [Johns et al., 2000]. The 

actual displacement of fluids in a reservoir is strongly influenced 

by several factors such as viscous fingering, gravity over ride, 

dispersion, reservoir heterogeneity and it’s impossible to 

simulate all these mechanisms in a slim tube. Moreover, the slim 

tube test is consuming as much oil and gas during experiments, 

time consuming and hence it is expensive. For obtaining one 

MMP with a slim tube would probably take 6-8 weeks to 

complete. Among the criteria used in determining the MMP are 

as follows: MMP is the pressure at which the ultimate recovery 

approaches 100%, the break over pressure in the recovery curves 

is deemed as the MMP. If the break over is not sharp, MMP can 

be chosen when the oil recovery is 90% or 95% [El-Sharkawy et 

al., 1996]. Even though there are some of weakness in using this 

method, numerous researcher believed that until today this 

method is the most appropriate way to determine the MMP 

include Yellig and Metcalfe [1980], Holm and Josendal [1982], 

Wang [1986], Christiansen and Haines [1987], Rao [1997], 

Ayirala and Rao [2006], and Abdurrahman et al. [2015]. 

Moreover, the slim tube test is also most widely favored by 

industry for miscibility evaluation. This principally appears to be 

due to the fact that the industry still believes there is no other 



Fundamentals of Minimum Miscibility Pressure Determination Methods | 43  

effective alternative experimental technique that can measure 

gas oil miscibility as accurately as slim tube. 

   The slim tube test has several advantages in determining 

the MMP. One of the main advantages of using the slim tube for 

miscibility determination is its ability to include the interaction 

of flow with phase behavior, thereby accommodating the 

condensing and vaporizing mode of mass transfer that enable the 

development of the so-called multi contact miscibility [Ayirala 

and Rao, 2006]. Another advantages of slim tube test involving: 

first, using long tubing has been able to minimize the effect of 

transition zone length. Second, using small diameter tubing is 

justified to prevent viscous fingering. Third, sight cell is 

connected at the downstream of slim tube in which helpful for 

interpreting the interface between oil and CO2. The minimum 

miscibility occurred when no interface between both of oil and 

CO2. That phenomenon can be observed during the slim tube 

experiment. 

3.1.2. Interfacial Tension Test 

   The MMP can also be predicted by an interfacial tension 

test. This test is also called the vanishing interfacial tension 

(VIT). The name of this method came after Rao [1997] and later 

Rao and Lee [2003]. This method has been demonstrated to 

reveal the relationship between interfacial tension and 
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miscibility. It’s also easy, cost effective and rapid (1-2 days) for 

determining of the MMP using less crude oil sample. Vanishing 

interfacial tension is the best available logical means to preclude 

all the incapability existing in the slim tube technique such as the 

inability to represent the effect of viscous fingering, 

heterogeneity, gravity over ride and dispersion on oil recoveries.  

However, this technique has been criticized due to the 

perceived absence of compositional path specification, as well as 

for lack of the confirmation against standard gas oil systems. 

Another concern is that this technique may achieve as single 

contact technique and hereafter multi stages of contact 

displacement process may not cover [Ayirala and Rao, 2006]. 

3.1.3. Swelling Test 

   Swelling tests are simple single contact phase behavior 

experiments that provide a measure of the amount of 

hydrocarbon that CO2 can extract or vaporize from crude oil 

[Hand and Pinczweski, 1990]. Recently, this method has been 

developed for predicting the MMP. Tsau et al. [2010], Abedini 

et al. [2014], and Abdurrahman et al. [2015] as a few researchers 

introduced MMP during swelling test/extraction process. Less 

oil consuming and quickly are the main advantages of swelling 

test method. For one set experiment in order to predict the MMP 
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only use 3-4 cc crude oil. Also, MMP data obtained from this test 

are quickly even after several hours. 

 However, limited experiments were performed using 

swelling test to predict the MMP. It still needs further study to 

get approval from the oil industry. Other disadvantages of this 

method is the MMP cannot be determined graphically when 

extract line is not happening during experiments. Tsau et al. 

[2010] and Abdurrahman et al. [2015] explained that condition 

in their experiments. Lack of secondary stage (extraction line) 

due to low concentration of extractable hydrocarbon is the main 

failure reason in estimating the MMP using this method and this 

is become a main weakness of this method.  

 

3.2. Advantages and Disadvantages of Simulation Method 

Simulation method is quicker and less time consuming in 

determining the MMP. WinProp (Computer Modelling Group) 

is offering the simple procedure for determining the MMP. Lee 

and Reitzel [1982] and Firoozabadi and Khalid [1986], they 

compared the experimental results between slim tube test and 

Peng-Robinson-Equation of State (PR-EOS) calculation. They 

found that the EOS predictions were higher than the 

experimental slim tube test within 4%-8%.  The weakness of 
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EOS towards calculation of some specific properties, the 

reliability of data and the target of fluid properties study affect 

the values of different weight factors. However, if the input 

parameters of EOS were adjusted widely by assigning weight 

factors, it would lead to unrealistic results. That condit ion, we 

called over the tuning of EOS. Danesh [1998] pointed out in 

general, any leading EOS, which predicts the phase behavior 

data reasonably well without tuning. In some cases, the MMP 

from experiments reasonably matched the un-tuned EOS 

calculation [Ayirala and Rao, 2006]. 

3.3 Advantages and Disadvantages of Visual Observation 

Method 

Visual observation is a rough method in order to predict 

the MMP and its requiring another method to clarify the result 

[Abdurrahman et al., 2015]. This method also subjective due to 

the method is conducted under visualization, even produced 

qualitative results and each person may give different 

interpretation. Farzad and Amani [2012] found in their 

experiments the MMP data from visual observation produce 

higher value than slim tube experiments but fall within a 200 psi 

difference. Absence of the porous medium, small injected gas 

volume relative to the oil volume and short contact time may 
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cause the MMP results through visual observation to be higher 

than results from slim tube experiments. Wang [1986] purposed 

by visual observation to predict the MMP through view cell 

during the swelling test experiment. He pointed out the MMP 

occurred when the interface between the CO2-rich phase and 

CO2 vapor disappeared. Despite roughness of this method, visual 

observation is worthy to clarify the miscibility occurred through 

the view cell. Using the view cell observe can see clearly when 

CO2 and crude oil become one phase. Therefore, this method is 

proper to support another method in determining the MMP.  

 

 

 

 

 

 

 

  



Fundamentals of Minimum Miscibility Pressure Determination Methods | 48  

  



Fundamentals of Minimum Miscibility Pressure Determination Methods | 49  

 

 

 

Abdurrahman, M, Permadi, A.K & Bae, W.S 2015, ‘An 

improved method for estimating minimum 

miscibility pressure through condensation-

extraction process under swelling tests’, Journal of 

Petroleum Science and Engineering, vol. 131, pp. 

165-171. 

Abedini, A., Mosavat, N., Torabi, F., 2014. Determination of 

minimum miscibility pressure of crude oil–CO2 

system by oil swelling/extraction test. Energy 

Technol. Vol.2, pp. 431–439. 

Adekunle, O.O & Hoffman, B.T 2014, ‘Minimum miscibility 

pressure studies in the Bakken’, Society of 

Petroleum Engineers, Paper SPE-169077-MS, 

Presented at the SPE Improved Oil Recovery 

Symposium, Tulsa, Oklahoma, 12-16 April. 
http://dx.doi.org/10.2118/169077-MS.  

Ahmed, T 2000, ‘Minimum miscibility pressure from EOS’, 

Petroleum Society of Canada, Paper PETSOC-

2000-001. Presented at the Canadian International 

Petroleum Conference, Calgary, Alberta, 4-8 June. 
http://dx.doi.org/10.2118/2000-001.   

Ahmed, T 2007, Equation of State and PVT Analysis: 

Applications for Improved Reservoir Modeling, 

Gulf Publishing Company, Houston, Texas. 

REFERENCES 

http://dx.doi.org/10.2118/169077-MS
http://dx.doi.org/10.2118/2000-


Fundamentals of Minimum Miscibility Pressure Determination Methods | 50  

Alston RB, Kokolis GP, James CF. 1985 CO2 minimum 

miscibility pressures: A correlation for impure CO2 

streams and live oil systems. SPE Journal, vol.25, 

no.2, pp. 268–74. 

Alvarado, V & Manrique, E, 2010, ‘Enhanced oil recovery: an 

update review’, Energies, vol. 3, no. 9, pp. 1529-

1575. 

Ayirala, S.C & Rao, D.N 2006, ‘Comparative evaluation of a 

new MMP determination technique’, Society of 

Petroleum Engineers, Paper SPE-99606-MS, 

Presented at the SPE/DOE Symposium on Improved 

Oil Recovery, Tulsa, Oklahoma, 22-26 April. 
http://dx.doi.org/10.2118/99606-MS. 

Ayirala, S.C & Rao, D.N 2007, ‘Miscibility determination from 

gas-oil interfacial tension and P-R equation of state’, 

The Canadian Journal of Chemical Engineering, 

vol. 85, no. 3, pp. 302-312. 

Christiansen, R.L & Haines, H.K 1987, ‘Rapid measurement of 

minimum miscibility pressure with the rising-

bubble apparatus’, SPE Reservoir Engineering, vol. 

1, no. 4, pp. 523-527. 

Christiansen, R.L & Kim, H. 1986, ‘Apparatus and method for 

determining the minimum miscibility pressure of a 

gas in a liquid’, Energy Fuels, vol. 10, pp. 443-449. 

Choubineh, A., A. Helalizadeh and D. A. Wood (2019). The 

impacts of gas impurities on the minimum 

miscibility pressure of injected CO2-rich gas–crude 

oil systems and enhanced oil recovery potential. 

Petroleum Science, vol.16, no.1, pp. 117-126. 

http://dx.doi.org/10.2118/99606-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 51  

Council NP 1976. Enhanced oil recovery – an analysis of the 

potential for enhanced oil recovery from known 

fields in the United States – 1976–2000, 

Washington, DC. 

CMG (software) 2014, WinProp users guide. Computer 

modelling group, Calgary, Alberta, Canada. 

Cronquist C. 1978, ‘Carbon dioxide dynamic displacement with 

light reservoir oils’. U.S. DOE annual symposium, 

Tulsa. 

Corlay, P, Lemouzy, P, Ezchard, R & Zhang, L.R 1992, ‘Fully 

integrated reservoir study and numerical forecast 

simulations of two polymer pilots in Daqing field’, 

Paper SPE-22364-MS, Presented at the SPE 

International Meeting on Petroleum Engineering, 

Beijing, China, 24-27 March. 

http://dx.doi.org/10.2118/22364-MS.   

Danesh, A 1998, PVT and phase behavior of petroleum 

reservoir fluids, Elsevier Science B.V., Amsterdam. 

Dong, M, Huang, S & Srivastava, R 2000, ‘Effect of solution 

gas in oil on CO2 minimum miscibility pressure’, 

Journal of Canadian Petroleum Technology, vol. 

39, no. 11, pp. 53-61. 

Dzulkarnain, I, Awang, M.B & Mohamad, A.M 2011, 

‘Uncertainty in MMP prediction from EOS fluid 

characterization’, Paper SPE-144405-MS, 

Presented at the SPE Enhanced Oil Recovery 

Conference, Kuala Lumpur, Malaysia, 19-21 July. 
http://dx.doi.org/10.2118/144405-MS. 

http://dx.doi.org/10.2118/22364-MS
http://dx.doi.org/10.2118/144405-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 52  

El-Sharkawy, A.M, Poettmann, F.H & Cristiansen, R.L 1996, 

‘Measuring CO2 Minimum Miscibility Pressure: 

Slim Tube or Rising Bubble Method?’, 

energy&fuels, vol. 10, no. 2, pp. 443-449. 

Espie, A.A 2005, ‘A new dawn for CO2 EOR’, Paper IPTC-

10935-MS, Presented at the International 

Petroleum Technology Conference, Doha, Qatar, 

21-23 November. http://dx.doi.org/10.2523/IPTC-

10935-MS.   

Farzad, I & Amani, M 2012, ‘An analysis of reservoir 

production strategies in miscible and immiscible gas 

injection projects’, Advances In Petroleum 

Exploration and Development, vol. 3, no. 1, pp. 18-

32. 

Firoozabadi, A & Khalid, A 1986, ‘Analysis and correlation of 

nitrogen and lean-gas miscibility pressure’, SPE 

Reservoir Engineering, vol. 1, no. 6, pp. 575-582. 

Glaso, O 1985, ‘Generalized minimum miscibility pressure 

correlation’, Society Petroleum Engineering 

Journal, vol. 25, no. 6, pp. 927-934. 

 

Gill, T.E 1982, ‘Ten years of handling CO2 for SACROC unit’, 

Paper SPE-11162-MS, Presented at the SPE Annual 

Technical Conference and Exhibition, New Orleans, 

Louisiana, 26-29 September. 

http://dx.doi.org/10.2118/11162-MS. 

Gorecki, C.D, Hamling, J.A, Ensrud, J, Steadman, E.N & Harju, 

J.A 2012, ‘Integrating CO2 EOR and CO2 storage in 

http://dx.doi.org/10.2523/IPTC-10935-MS
http://dx.doi.org/10.2523/IPTC-10935-MS
http://dx.doi.org/10.2118/11162-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 53  

the Bell Creek oil field’, Paper SPE-151476-MS, 

Presented at the Carbon Management Technology 

Conference, Orlando, Florida, USA, 7-9 February. 

http://dx.doi.org/10.7122/151476-MS. 

Hagen, S & Kossack, C.A 1986, ‘Determination of minimum 

miscibility pressure using a high pressure visual 

sapphire cell’, Paper SPE-14927-MS, Presented at 

the SPE Enhanced Oil Recovery Symposium, Tulsa, 

Oklahoma, 20-23 June. 
http://dx.doi.org/10.2118/14927-MS. 

Hand, J.L & Pinczweski, W.V 1990, ‘Interpretation of 

swelling/extraction tests’, SPE Reservoir 

Engineering, vol. 5, no. 4, pp. 595-600. 

Harmon, R.A & Grigg, R.B 1988, ‘Vapor-density measurement 

for estimating minimum miscibility pressure’, SPE 

Reservoir Engineering, vol.3, no. 4, pp. 1,215-

1,220.  

http://dx.doi.org/10.2118/15403-PA. 

Hawthorne, S.B, Miller, D.J, Gorecki, C.D, Sorensen, J.A, 

Hamling, J, Roen, T.D, Harju, J.A & Melzer, L.S 

2014, ‘A rapid method for determining CO2/oil 

MMP and visual observations of CO2/oil 

interactions at reservoir conditions’, Energy 

Procedia, vol. 63, pp. 7724-7731. 

Holm, L.W & Josendal, V.A 1974, ‘Mechanisms of oil 

displacement by carbon dioxide’, Journal of 

Petroleum Technology, vol. 26, no. 12, pp. 1427-

1438. 

http://dx.doi.org/10.7122/151476-MS
http://dx.doi.org/10.2118/14927-MS
http://dx.doi.org/10.2118/15403-PA


Fundamentals of Minimum Miscibility Pressure Determination Methods | 54  

Holm, L.W & Josendal, V.A 1982, ’Effect of oil composition 

on miscible-type displacement by carbon dioxide’, 

Society of Petroleum Engineers Journal, vol. 22, no. 

1, pp. 87-98. 

Huang, S.S, de Wit, P & Jha, K.N 1989, ‘A laboratory miscible 

displacement study for the recovery of 

Saskatchewan’s crude oil’, Petroleum Society of 

Canada, Paper SPE PETSOC-SS-89-03, Presented 

at the Petroleum Conference of The South 

Saskatchewan Section, Regina, 25-27 September. 

http://dx.doi.org/10.2118/SS-89-03. 

Jarrel, P.M, Fox, C.E, Stein, M.H & Webb, S.L 2002, Practical 

aspect of CO2 flooding, SPE Monograph Series 

(Second Printing) Hendry L Doherty Memorial 

Fund of AIME Society of Petroleum Engineering of 

AIME, Dallas, New York. 

Jessen, K & Orr Jr, F,M 2008, ‘On interfacial tension 

measurements to estimate minimum miscibility 

pressures’, SPE Reservoir Evaluation & 

Engineering Journal, vol. 11, no. 5, pp. 933-939.   

Jia, B., Tsau, J.-S., Barati, R., 2019. A review of the current 

progress of CO2 injection EOR and carbon storage 

in shale oil reservoirs. Fuel, vol.236, pp. 404–427. 

Johnson, J.P & Pollin, J.S 1981, ‘Measurement and correlation 

of CO2 miscibility pressure’, Paper SPE-9790, 

Presented at the SPE/DOE Enhanced Oil Recovery 

Symposium, Tulsa, Oklahoma, 5-8 April. 

http://dx.doi.org/10.2118/9790-MS. 

http://dx.doi.org/10.2118/SS-89-03
http://dx.doi.org/10.2118/9790-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 55  

Johns, R.T & Orr Jr, F.M 1996, ‘Miscible gas displacement of 

multicomponent oils’, Society Petroleum 

Engineering Journal, vol. 1, no. 1, pp. 39-50. 

Johns, R.T, Sah, P & Solano, R 2000, ‘Effect of dispersion on 

local displacement efficiency for multicomponent 

enriched-gas floods above the MME’, Society of 

Petroleum Engineers, Paper SPE-64725-MS, 

Presented at the International Oil and Gas 

Conference and Exhibition, Beijing, China, 7-10 

November. http://dx.doi.org/10.2118/64725-MS. 

Lee, J.I & Reitzel, G.A 1982, ‘High pressure, dry gas miscible 

flood Brazeau River Nisku oil pools’, Journal of 

Petroleum Technology, vol. 34, no. 11, pp.  2,503-

2,508. 

Luo, K & Chen, G 2001, ‘Application of the gas-oil interfacial 

tension to determine minimum miscibility 

pressure’, Paper SPE-PETSOC-2001-135-EA, 

Presented at the Canadian International Petroleum 

Conference, Calgary, Alberta, 12-14 June. 

http://dx.doi.org/10.2188/2001-135-EA. 

Menouar, H 2013, ‘Discussion on carbon dioxide minimum 

miscibility pressure estimation: an experimental 

investigation’, Paper SPE-165351, Presented at the 

SPE Western Regional & AAPG Pacific Section 

Meeting 2013 Joint Technical Conference, 

Monterey, California, 19-25 April. 

http://dx.doi.org/10.2523/165351-MS.   

Mungan, N 1981, ‘Carbon dioxide flooding fundamental’, 

Journal of Canadian Petroleum Technology, vol. 

20, no. 1, pp. 87-92. 

http://dx.doi.org/10.2118/64725-MS
http://dx.doi.org/10.2188/2001-135-EA
http://dx.doi.org/10.2523/165351-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 56  

Mutailipu, M., L. Jiang, X. Liu, Y. Liu and J. Zhao (2019). CO2 

and alkane minimum miscible pressure estimation 

by the extrapolation of interfacial tension. Fluid 

Phase Equilibria, vol.494, pp. 103-114. 

Nguyen, P., D. Mohaddes, J. Riordon, H. Fadaei, P. Lele and D. 

Sinton (2015). Fast fluorescence-based microfluidic 

method for measuring minimum miscibility 

pressure of CO2 in crude oils. Analytical chemistry, 

vol.87, no.6, pp. 3160-3164. 

Nobakth, M, Moghadam, S & Gu, Y 2008, ‘Determination of 

CO2 minimum miscibility pressure from measured 

and predicted equilibrium interfacial tensions, 

Industrial & Engineering Chemistry Research, vol. 

47, no. 22, pp. 8,918-8,925. 

Orr Jr, F.M & Silva, M.K 1987, ‘Effect of oil composition on 

minimum miscibility pressure-part 2: correlation’, 

SPE Reservoir Engineering, vol. 2, no. 4, pp. 479-

491. 

Pearce, J.C & Megginson, E.A 1991, ‘Current status of the Duri 

field steamflood project Sumatra, Indonesia’, Paper 

SPE-21527-MS, Presented at the SPE International 

Thermal Operations Symposium, Bakersfield, 

California, 7-8 February. 

http://dx.doi.org/10.2118/21527-MS.   

Rao, D.N 1997, ‘A new technique of vanishing interfacial 

tension for miscibility determination’, Fluid Phase 

Equilibria, vol. 139, no. 1-2, pp. 311-324. 

Rao, D.N & Lee, J.I 2003, ‘Determination of gas-oil miscibility 

conditions by interfacial tension measurements’, 

http://dx.doi.org/10.2118/21527-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 57  

Journal of Colloid and Interface Science, vol. 262, 

no. 2, pp. 474-482. 

Sahin, S, Kalfa, U & Celebioglu, D 2007, ‘Bate Raman field 

immiscible CO2 application: status quo and future 

plans’, Paper SPE-106575-MS, Presented at the 

Latin American & Caribbean Petroleum 

Engineering Conference, Buenos Aires, Argentina, 

15-18 April. http://dx.doi.org/10.2118/106575-MS. 

Sarapardeh, A.H, Ayatollahi, S, Ghazanfari, M.H & Masihi, M 

2014, ‘Experimental determination of interfacial 

tension and miscibility of the CO2-crude oil system; 

temperature, pressure, and composition effects’, 

Journal of chemical and engineering data, vol. 59, 

no. 1, pp. 61-69. 

Saini, D & Jimenez, I 2014, ‘Evaluation of CO2-EOR and 

storage potential in mature oil reservoirs’, Paper 

SPE-169555-MS, Presented at the SPE Western 

North American and Rocky Mountain Joint 

Meeting, Denver, Colorado, 17-18 April. 

http://dx.doi.org/10.2118/169555-MS. 

Sebastian, H.M, Wenger, R.S & Renner, T.A 1985, ‘Correlation 

of minimum miscibility pressure for impure CO2  

stream’, Journal Petroleum Technology, vol. 37, no. 

11, pp. 2076-2082. 

Shokir EME-M. 2007. CO2–oil minimum miscibility pressure 

model for impure and pure CO2 streams. Journal of 

Petroleum Science and Engineering, Vol.58, pp. 

173–185. 

http://dx.doi.org/10.2118/106575-MS
http://dx.doi.org/10.2118/169555-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 58  

Stalkup, F & Yuan, H 2005, ‘Effect of EOS characterization on 

predicted miscibility pressure’, Paper SPE-95332-

MS, Presented at the Annual Technical Conference 

and Exhibition, Dallas, Texas, 9-12 June. 
http://dx.doi.org/10.2118/95332-MS. 

Stalkup Jr. & Fred I 1984, Miscible displacement. SPE 

Monograph Series (Second Printing) Hendry L 

Doherty Memorial Fund of AIME Society of 

Petroleum Engineering of AIME, Dallas, New 

York. 

Sutadiwiria, G & Azwar, N 2011, ‘The effect of unplanned 

shutdown to world’, Paper SPE-150516-MS, 

Presented at the SPE Heavy Oil Conference and 

Exhibition, Kuwait City, Kuwait, 12-14 December 

2011. http://dx.doi.org/10.2118/150516-MS. 

Tsau, J.S, Bui, L.H & Willhite, G.P 2010, ‘Swelling/extraction 

test of a small sample size for phase behavior study’, 

Society of Petroleum Engineers, Paper SPE-

129728-MS, Presented at the SPE Improved Oil 

Recovery Symposium, Tulsa, Oklahoma, USA, 24-

28 April. http://dx.doi.org/10.2118/129728-MS. 

Thomas, F.B, Zhou, X.L, Bennion, D.B & Bennion, D.W 1994, 

‘A comparative study of RBA, P-X, multicontact 

and slim tube results’, Journal of Canadian 

Petroleum Technology, vol. 32, no. 2, pp. 17-26. 

Wang, G.C 1986, ‘A Study of crude oil composition during CO2 

extraction processes, Society of Petroleum 

Engineers, Paper SPE-15085-MS, Presented at the 

SPE California Regional Meeting, Oakland, 

http://dx.doi.org/10.2118/95332-MS
http://dx.doi.org/10.2118/150516-MS
http://dx.doi.org/10.2118/129728-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 59  

California, 2-4 April. 

http://dx.doi.org/10.2118/15085-MS. 

Wilkinson, J.R, Leahy-Dios, A, Teletzke, G.F & Dickson, J.L 

2010, ‘Use of CO2 containing impurities for 

miscible enhanced oil recovery’, Society of 

Petroleum Engineers, Paper SPE-131003-MS, 

Presented at the International Oil and Gas 

Conference and Exhibition, Beijing, China, 08-16 

April. http://dx.doi.org/10.2118/131003-MS.  

Yellig, W.F & Metcalfe, R.S 1980, ‘Determination and 

prediction of CO2 minimum miscibility pressures’, 

Journal of Petroleum Technology, vol. 32, no. 1, pp. 

160-168. 

Yuan H, Johns RT, Egwuenu AM, Dindoruk B. 2004, Improved 

MMP Correlations for CO2 Floods Using 

Analytical Gas Flooding Theory. SPE/DOE 

Symposium on Improved Oil Recovery, Tulsa, 

Oklahoma, 17–21 April. 

Zhou, D & Orr Jr, F.M 1998, ‘An analysis of rising bubble 

experiments to determine minimum miscibility 

pressures’, SPE Journal, vol.3, no. 1, pp. 19-25. 

Zhang, K., N. Jia, F. Zeng, S. Li and L. Liu (2019). A review of 

experimental methods for determining the oil-gas 

minimum miscibility pressures. Journal Petroleum 

Science and Engineering, vol.183: 106366. 

  

http://dx.doi.org/10.2118/15085-MS
http://dx.doi.org/10.2118/131003-MS


Fundamentals of Minimum Miscibility Pressure Determination Methods | 60  

 

 
 

 

Dr. Eng. Muslim is a Associated Professor of Petroleum 

Engineering Department Universitas Islam Riau. He was born 

on Dedap, 16 April 1979. He received the Doctor of Petroleum 

and Gas Engineering from Sejong University, South Korea 

(2016), Master Degree from Universitas Pembangunan Nasional 

Veteran Yogyakarta (2009), and Bachelor Degree from 

Universitas Islam Riau (2002). 

Dr. Eng. Muslim is an author or coauthor of over 20 technical 

papers and joined numerous researches with oil and gas 

company in area of CO2 injection and Enhanced Oil Recovery. 

 

BIOGRAPHY 



Fundamentals of Minimum Miscibility Pressure Determination Methods | 61  

 

A.K Permadi, P.hD is a Professor of Petroleum Engineering at 

Bandung Institute of Technology, Indonesia since 1990. Since 

then, he has been a Visiting Professor at several universities 

abroad including TU Delf, the Nedherland, Sejong University, 

South Korea, and Universiti Teknologi Petronas, Malaysia. He 

had been with Texaco E&P Technology Department in Houston, 

Texas, for a year in 1997 as a Senior Researcher and with 

Chevron Pacific Indonesia for a year in 2000 to 2001 as a 

technical advisor on the light oil steamflood pilot project. He 

holds MS dan PhD degrees from Texas A&M University, USA, 

and a BS degree from Bandung Institute of Technology, 

Indonesia, all in Petroleum Engineering. 

 

 

 

 

 



Fundamentals of Minimum Miscibility Pressure Determination Methods | 62  

 
Dr. Radzuan Junin is currently working as a Professor in the 

Department of Petroleum Engineering, School of Chemical & 

Energy Engineering, Faculty of Engineering, Universiti 

Teknologi Malaysia (UTM). He is also the Head of Reservoir 

Management Research Group and a Full Fellow Member of 

Institute for Oil & Gas (IFOG), Universiti Teknologi Malaysia. 

His main areas of research include Enhanced Oil Recovery 

(EOR), Nanofluids, Rocks-fluid interactions, CO2 

Sequestration, and drill cuttings/waste treatment. Dr. Radzuan 

received his doctoral degree from University of Nottingham, 

UK. He has authored or co-authored more than 150 technical 

papers, and also reviews several articles for international peer-

reviewed journals. He has been involved in many consulting 

studies (including subsurface contamination and environmental 

impact assessment studies). He taught undergraduate and 

graduate levels for petroleum engineering courses.  



Fundamentals of Minimum Miscibility Pressure Determination Methods | 63  

 

 
 

 

 

 

Dr. Astra Agus Pramana is an author of "Thermal EOR" and 

had been doing research at PERM Inc, an EOR Lab in Calgary, 

Canada and also at Schlumberger Dhahran Carbonate Research 

(SDCR) Center, Saudi Arabia. Currently he is the chairman of 

Petroleum Engineering  (PE) Department of Universitas 

Pertamina. Prior to that, he was at PE Magister program at 

Universitas Trisakti, VP Operation at Applied Equation, Canada, 

and a lecturer at King Fahd University of Petroleum & Mineral 

(KFUPM), Saudi Arabia. His areas of research are: EOR, Flow 

assurance, Thermal Effect on Oil Facilities and Digital Rock 

Petrophysics. Moreover, Dr. Astra is also active helping energy 

& digital startup companies. 

 


