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[bookmark: _Toc71208299]Abstract

The success of supercritical CO2 Enhanced Oil Recovery (EOR) cannot be duplicated if the cost of CO2 transposition and processing becomes prohibitive. Research results of the in-situ CO2 EOR (ICE) approach offered a potential technology for many waterflooded stripper wells that lack access to affordable CO2 sources. Previously the ICE synergetic mechanisms were only qualitatively attributed to oil swelling and viscosity reduction due to the preferential partition of CO2 into the oleic phase. This study aims to quantify the contributions to recovery factors from several plausible mechanisms with numerical modeling and simulation.  
First, urea reaction was modeled as the CO2 generating chemical decomposing to CO2 and ammonia under the reservoir conditions. The CO2 partitions into oil, which leads to the reaction continuation to generate more CO2. The resulting ammonia largely left in water may further react with certain oil components to generate surfactant, thus decreasing the oil/water interfacial tension (IFT). It is expected that the oil containing CO2 also has a lower IFT with water. The reaction kinetics under different temperatures were incorporated into the model. A numerical model featuring the synergetic mechanisms was built, including stoichiometry and kinetics of urea reaction, oil swelling effect, oil viscosity reduction, and IFT reduction effect on the relative permeabilities. I matched previous laboratory data for three different oils including dodecane, Earlsboro oil, and DeepStar oil, the same oils used in laboratory studies. The phase behavior was modeled with the Equation of State (EOS) under different mole fractions of CO2. 
The estimated reduction of oil viscosity was calculated, 79% for Earlsboro oil, 91% in DeepStar oil, and 76% in dodecane oil. The oil swelling factors ranged from 10% to 50% in the three lab models, which translate to the recovery factor of oil. Then I modified the endpoints of relative permeability to account for the recovery contribution to the IFT and viscosity reduction. The impact of reaction kinetics on oil swelling and recovery factor was also determined, and they are not numerically close to reaction kinetics which were used in the lab cases. The study concluded that the incremental recovery due to oil swelling ranges between 6.4% and 18.0%, and the from 24% to 38% is due to IFT and viscosity reduction for all the cases. The relative permeability and urea reaction kinetics remained the most uncertain parameters during history matching and modeling the ICE synergetic mechanisms. Later on, I upscaled the lab-scale model to a 3D sector model which features reaction kinetics, multi-components, and sensitivity study on selected parameters. 
To my knowledge, this is the first in modeling and differentiating the individual contributions on recovery from the synergetic mechanisms of ICE. The success of this model will tremendously reduce the potential laboratory experiment efforts and significantly improve the modeling capability in field application of the ICE technology. The developed model can be easily upscaled and retrofitted for other applications such as development planning and production forecast for ICE.
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[bookmark: _Toc71208300]Chapter 1: Introduction
1.1. [bookmark: _Toc71208301]Overview
[image: ]The world’s energy demand is increasing day by day, and the share of oil and gas in global energy consumption is 33.10% and 24.20%, respectively [1]. The consumption of oil rose by 0.9% in 2019 and this growth was mainly caused by the oil consumption increase in China and other developing countries [1]. In 2019, about 60,000 bbl/day decrease in global oil production was also observed [1]. Figure 1-1 shows the shares of global primary energy percentage. The major share of oil production comes from conventional oil reservoirs except for the United States. In the U.S., 63% of oil production came from unconventional (tight/shale) oil reservoirs in 2019 [2]. The tight or unconventional oil reservoirs are the low-permeability oil reservoirs embedded in shale, carbonate, and sandstone formations. [bookmark: _Toc71318197]Figure 1-1 Global primary energy percentage from 1994 to 2019 [1]

To meet the increasing demand for energy, production from conventional and unconventional oil reservoirs must be enhanced. Production from oil reservoirs can be enhanced by injecting different fluids and changing the properties of reservoir fluid and reservoir rock. Enhanced oil recovery (EOR) is one of the techniques used to recover the remaining trapped oil from the reservoir by the injection of fluids. EOR can be classified as miscible/immiscible gas, chemical, and thermal EOR. 
The gas EOR is injecting a lean gas mixture or rich gas into a reservoir under specific conditions. The gas injection can be miscible or immiscible depending on injection gas composition and reservoir conditions [3]. If the reservoir pressure is higher than the minimum miscibility pressure (MMP) injected gas will be miscible with reservoir fluid and vice versa. The supercritical CO2-EOR is the most widely used miscible/immiscible EOR technique in the world [1]. The miscible/immiscible EOR is further explained in chapter 2 Literature Review. 
The chemical EOR can be further classified into three main categories, polymer, alkali, and surfactant flooding based on the injection of different chemicals into a reservoir to change the reservoir rock properties. Polymer flooding increases the viscosity of injected fluid (water) to reduce the mobility ratio and thus increases the volumetric and displacement sweep efficiency and results in incremental oil recovery. The oil/water interfacial tension (IFT) is decreased by injecting a surfactant, to displace oil and thus improves the microscopic displacement efficiency. This technique reduces the residual (trapped) oil saturation. The alkali flooding reduces oil/water interfacial tension and residual oil saturation by injecting a high-pH chemical to generate in-situ surfactant (saponification). It also can alter the wettability of the reservoir rock. It is mainly applied to low API crude oils.
This study is a combination of chemical and CO2-EOR. Due to an increase in oil demand and a reduction in oil prices, EOR has become challenging. During a low oil price environment, the capital investment on the costs of chemicals used in surfactant flooding and costs of infrastructure, processing, and injection of CO2 has become impossible for the global oil industry. To enhance oil recovery and meet the oil demand, a combination of chemical and CO2 EOR techniques has been developed, known as In-Situ CO2 EOR (ICE). ICE produces CO2 in the reservoir by injecting a CO2-generating chemical to resolve issues like CO2 availability, transportation, and infrastructure. 
The ICE technique generates CO2 and ammonia in the reservoir by injecting ammonium carbamate. The ammonium carbamate converts into urea which decomposes into CO2 and ammonia under reservoir conditions. The related chemical reactions are shown below:
…………………….. (1-1)
………………….…………. (1-2)
Wang [5] has experimentally shown two synergetic mechanisms of ICE, 1) the reaction generated CO2 partitions into oil, reduces the oil viscosity and swells the oil, and 2) ammonia reacts with water and generates a weak base (pH between 7 to 10) solution which in turn reacts with petroleum acids in the oil to produce in-situ surfactant (saponification). The ammonia solution acts as alkali and reduces oil/water interfacial tension and increases oil relative permeability [5].  Additionally, the generation of CO2 and ammonia is highly dependent on reservoir temperature and reaction kinetics. Also, Wang [5] has reported an incremental oil recovery of up to 60% by ICE. The synergetic mechanisms of ICE and urea hydrolysis reaction kinetics are discussed in Chapter 2 Literature Review. 
1.2. [bookmark: _Toc71208302]Objectives

This study is based on a numerical simulation approach to model and to quantify In-situ CO2 EOR (ICE) synergetic mechanisms. The objectives of this research study are:
1. Study of urea hydrolysis
i. Study and evaluate reaction stoichiometry.
ii. Study reaction equilibrium, order, and kinetics
iii. Estimate Gibbs free energy of urea hydrolysis reaction.
2. Build a 1D numerical mechanistic model.
i. Build a 1D numerical model based on octane as the oleic phase.
ii. Incorporate urea hydrolysis reaction, stoichiometry, and reaction kinetics in the numerical model.
iii. Estimate oil (octane) swelling factor based on an equation of state (EOS)
iv. Evaluate synergetic mechanisms, i.e., oil swelling and viscosity reduction.
v. Develop a workflow to model the ICE technique.
vi. Quantify the contributions of two synergetic mechanisms in terms of recovery factors.
3. Update the 1D mechanistic model to history match laboratory experiments of ICE performed by Wang [1]
i. History match the three laboratory experiments of ICE based on different oil compositions, i.e., dodecane, Earlsboro oil, and DeepStar oil.
ii. History match oil saturation versus injection pore volume for three laboratory experiments.
iii. Validate the two synergetic mechanisms for laboratory experiments.
iv. Quantify the contributions of two synergetic mechanisms in terms of recovery factors.
v. Evaluate critical uncertainties in the history matching process.
4.  Upscale the 1D mechanistic model to a 3D field-scale simulation model
i. Build a 3D 10-acre quarter 5-spot waterflooding pattern field-scale simulation model.
ii. Use three pseudo-components light component, medium component, and heavy component to simulate oil phase transition in the model (Ref: CMG STARS Template, SPE-003) 
iii. Validate two mechanisms, oil swelling and viscosity reduction, and wettability alteration due to ammonia alkali effect.
iv. Perform sensitivity analysis for injection rate, shut-in/no-shut-in, urea concentration, and reservoir temperature.
v. Quantify the contributions of two synergetic mechanisms in terms of recovery factors.
vi. Evaluate the optimized scenario based on sensitivity analysis.
The above-described objectives of the study are based on the criteria of modeling the synergetic mechanism of ICE and are set up with decreasing uncertainty and increasing confidence at each milestone. The objectives are explained in detail in chapter 4 which explains how the numerical models were built, incorporating the urea hydrolysis reaction, and observations in each numerical model scheme. 


[bookmark: _Toc71208303]Chapter 2: Literature Review

[bookmark: _Toc71208304]2.1. Overview

The oil recovery processes are mainly in three phases: primary, secondary, and tertiary recovery. Approximately 60-70% of the original oil in place (OOIP) cannot be produced by conventional methods in all types of reservoirs [6]. The oil is trapped due to either capillary or viscous forces and reduces the oil displacement by the aqueous phase. Enhanced oil recovery (EOR) is a suite of techniques used to recover trapped oil that cannot be produced during primary and secondary production. It has been estimated that there are currently around 370 EOR projects operating globally, producing just over 2 million barrels per day (MMBbl/d) of oil in 2017 [7]. Figure 2-1 shows the global EOR projects from 1971 to 2017. 
[bookmark: _Toc71318198]Figure 2-1 Number of EOR projects globally 1971-2017 [7]

The oil displacement efficiency is a combination of macroscopic (volumetric) and microscopic (pore-scale) displacement efficiencies
Macroscopic displacement efficiency measures the efficiency of the injected fluid volumetrically sweeping the oil zone out of the total reservoir volume. The macroscopic efficiency is reflected by overall residual oil saturation (Sor). The overall displacement efficiency can be calculated using the equation below:
…………………………. (2-1)
where,
, microscopic displacement efficiency
, macroscopic (volumetric) displacement efficiency
EOR methods can also be categorized as thermal and non-thermal methods. The non-thermal methods include miscible/immiscible gas and chemical flooding. The thermal methods include steam injection, cyclic steam (huff 'n' puff), in-situ combustion, and hot water injection. The thermal methods are widely applied to heavy oil reservoirs. This study mainly focuses on a combination of chemical EOR and CO2-EOR.
Chemical EOR methods include surfactant, alkaline, polymer flooding, and a combination of alkali surfactant and polymer (ASP) flooding. In addition to increasing injected fluid viscosity, polymer flooding increases the volumetric and displacement sweep efficiency and results in incremental oil recovery. Polymer gels are also applied to reduce water cut at production wells by blocking or diverting the flow. The mobility ratio is the ratio of injected fluid mobility to the displaced fluid mobility and can be calculated using the equation below: 
……………………………….. (2-2)
where,
M, the mobility ratio
, the permeability to oil (md)
, the viscosity of water (cp)
, the permeability to water (cp)
, the viscosity of oil (cp)
The stability of a displacement method is affected by the mobility ratio (M). If M>1, it indicates water is more mobile than oil and represents unstable flow or non-uniform displacement front because water fingers through the oil that leads to an early water breakthrough. Therefore, it is always desired to have M≤1 for a better volumetric sweep efficiency. 
Surfactant flooding is used to decrease the oil/water interfacial tension (IFT) to displace oil and thus improves the microscopic displacement efficiency. This technique can reduce the residual (trapped) oil saturation. The wettability of the reservoir rock is also changed due to surfactant/rock interaction. A surfactant is characterized by two functional groups, hydrophilic (water-soluble) and hydrophobic (oil-soluble) [8]. When a surfactant is injected with water into a reservoir, the hydrophilic part reacts with water, while the hydrophobic part reacts with the crude oil. As a result, an adsorbed film arises that reduces the IFT at the water/oil interface and decreases the capillary forces that allow the trapped oil to flow. The Figure 2-2 showing the surfactant adsorption at water/oil interface.
[image: ][bookmark: _Toc71318199]Figure 2-2 The surfactant adsorption at water/oil interface [2]










The alkali flooding reduces oil/water interfacial tension and residual oil saturation by injecting a high-pH chemical to generate in-situ surfactant via saponification. The most used chemicals for alkaline flooding are sodium hydroxide, sodium carbonate, and sodium orthosilicate [9]. The formation of in-situ surfactant is shown in reactions 2-3 and 2-4. 
…………………………………… (2-3)
………………………… (2-4)
[bookmark: _Toc71208305]2.2. Supercritical CO2 EOR

The CO2 EOR is one of the most successful techniques applied to recover trapped oil worldwide. The oil production from CO2 EOR projects accounts for nearly 6% or 350,000 barrels a day of the U.S. oil production [10]. According to the U.S. Department of Energy (DOE), CO2 EOR can potentially recover up to 137 billion barrels of oil resources and 67 billion barrels can be recovered economically at $85 per barrel [10]. 
The CO2 EOR method recovers the remaining oil by improving the microscopic and macroscopic sweep efficiencies. CO2 EOR works on two major mechanisms, 1) oil swelling; and 2) oil viscosity reduction. Typically, the supercritical CO2 flooding is a multi-contact process, and under proper conditions, multi-contact miscibility (MCM) can be obtained.  
It has been identified that the MCM process is a combination of vaporizing and condensing mechanisms. Initially, the pure CO2 contacts and vaporizes the reservoir oil by achieving the dynamic miscibility and in-situ vaporization of intermediate hydrocarbons from reservoir oil. After multiple contacts of CO2 with reservoir oil, the condensation of intermediate hydrocarbons into lean reservoir oil that is vaporized in rich solvent takes place. Figure 2-3 shows the different CO2 multi-contact miscibility processes in between injection and production wells.  
[image: ][bookmark: _Toc71318200]Figure 2-3 Different multi-contact miscibility process in CO2 EOR [11]

[image: ]





[bookmark: _Toc71318201]Figure 2-4 CO2 and hydrocarbon phase behavior at different CO2 mole fractions [9]

The phase behavior of the CO2 EOR process is quite complex. It has been observed that adding lighter hydrocarbons components into injected CO2 can decrease the minimum miscibility pressure. Figure 2-4 shows the phase behavior at different CO2 mole fractions at a temperature above 120 °F. 
In the immiscible displacement process, the microscopic displacement efficiency is generally less than unit compared to the miscible displacement process. In the miscible displacement process, the microscopic displacement efficiency can approach 100% because IFT and capillary pressure diminish. 
Even when the CO2 is not miscible, it still dissolves in the reservoir oil, swells the oil volume, and reduces the oil viscosity. Both will improve displacement efficiencies and increase oil recovery [11]. The CO2 solubility in the reservoir oil decreases with temperature and increases with pressure as shown in Figure 2-5. 
[image: ]









[bookmark: _Toc71318202]Figure 2-5 CO2 solubility in the reservoir oil (scf/stb) at different pressures and temperatures. CO2 solubility reduces with increasing temperature [11]



While the supercritical CO2 EOR is one of the most effective EOR techniques in conventional reservoirs, some technical and economic challenges are yet to be addressed, such as CO2 availability and costs of processing. CO2 EOR requires a vast infrastructure and pipeline network to bring natural resource or human-made resources of CO2 to oilfields. There are CO2 pipelines with a total length of over 4,500 miles in the U.S. [12]. These separate pipeline networks are linked with CO2 resources such as electric powerhouses and industrial sources. However, to increase the oil production from CO2 EOR projects, the economic limit of CO2 availability, infrastructure, transportation, and processing must be considered. Due to the cyclic behavior of oil prices, these projects seem to be less attractive because of high capital investment and longer time of capital return. Practically, the capital expenditure for infrastructure and availability of the low-cost CO2 source is the main economic concern for any CO2 EOR project.  
[bookmark: _Toc71208306]2.3. In-Situ CO2 EOR
Research studies at the University of Oklahoma have been conducted to develop a generated solution for in-situ CO2 EOR at reservoir conditions [5].  A gas generating agent was injected with water that releases CO2 and ammonia at reservoir conditions. Different gas generating agents such as ammonium carbamate, aluminum carbamide, ammonium bicarbonate, and sodium carbonate have been utilized for ICE [5]. Wang [5] developed a new formulation for ICE that uses CO2 capture technology products as a gas generating agent. Wang selected ammonium carbamate solution because at a reservoir temperature higher than 70°C, the CO2 absorbed in the carbamate can be dissociated. This carbamate solution is a salt of monovalent ammonium with the chemical formula NH2COONH4. Wang [5] reported that urea was used to produce ammonium carbamate, and this decomposes at reservoir temperature above 60°C. Wang [5] did not report the method by which the temperature of urea decomposition was measured. Therefore, the Gibbs free energy of urea hydrolysis reaction was estimated to quantify the temperature at which urea reaction becomes spontaneous in this study. Urea is very soluble in water, having a solubility of 1079 g/L at 20°C. The essential reactions of urea and ammonium carbamate in the reservoir conditions are shown in Eqn 1-1 and Eqn 1-2.
The reaction in equation 1-1 is exothermic while forming ammonium carbamate due to urea hydrolysis in water. However, the reaction of ammonium carbamate dissociation into carbon dioxide and ammonia is strongly endothermic. These two reactions of in-situ CO2 generation involve complex chemical processes and are affected by several factors such as reaction activation energy, reaction frequency factor, and reservoir temperature. This new technique has potential advantages over conventional CO2 EOR/WAG which include [5]:
1. Relaxing the constraints of CO2-EOR requirement of the natural CO2 sources, availability, infrastructure, and transportation issues.
2. Enhancing displacement efficiency as compared to CO2 EOR by partitioning into the oil and reduces oil viscosity.
3. Spontaneous urea reaction with water to generate ammonia and CO2.
4. The minimal upfront cost for converting from waterflooding to In-Situ CO2 flooding
5. Sufficient recovery performance above and below MMP. 
There are two main recovery mechanisms involved in the ICE process: 1) Oil swelling and viscosity reduction due to CO2 partitioning; and 2) wetting reversal of the reservoir rock by in-situ generated surfactant. Wang [8] performed several laboratory experiments ICE for different oil compositions and reported the oil recovery up to 60% and residual saturation reduction up to 10% [8]. Figure 2-6 shows the mechanisms of urea generating CO2 and NH3 in-situ with and without oil contact.  
[image: ]






[bookmark: _Toc71318203]Figure 2-6 The process mechanism of in-situ CO2 EOR using urea [5]

Wang et al [13] proved that ammonium hydroxide has a quicker induction time to discharge bitumen at the same pH compared to sodium hydroxide. The reaction 2-7 and 2-8 show the generation of in-situ surfactant by ammonium hydroxide: 
							 ………………………. (2-7)										 ………………………. (2-8)	


Where HA is a petroleum acid dissolved in the oleic phase that transfers to oil/water interface and transforms into an anionic surfactant A- and reduces the IFT. The mechanisms of generation of in-situ surfactant and wettability reversal as an additional benefit of urea injection reduce the IFT and release polar components in the crude oil. Alteration of wettability plays an important role, especially in oil-wet carbonate reservoir rocks during EOR. The carbonate reservoirs are typically neutral to oil-wet due to polar components such as organic acids and asphaltenes in the oil. The polar ends of these components and positive charge of carbonate rock contact each other, and the long-chained hydrocarbon components exhibit loosely to the aqueous phase, and this makes the solid rock surface more oil-wet [14].  
[bookmark: _Toc71208307]2.4. Reaction Characteristics 

Every reaction has three characteristics that affect the rate of reaction: chemical equilibrium; reaction kinetics; order of reaction.
[bookmark: _Toc71208308]2.4.1. Chemical Equilibrium 

The chemical equilibrium is a state at which the net rate of change of reactants and product concentrations becomes zero. It is also known as a 'steady-state reaction.' The expression of the equilibrium for a chemical reaction can be stated in terms of concentrations of reactants and products, and only aqueous and gaseous phases chemical species are involved in the expression of equilibrium. A formal expression of equilibrium is given in 2-9:
 ………………………………. (2-9)
The equilibrium constant can be expressed as below:
 ………………………………….. (2-10)
Where Keq is the equilibrium constant and [A], [B], [C], [D] are the molar concentrations of reactants and products. x, y, m, n are the coefficients of the reactants and products. It can also be expressed in terms of free energy (kJ/mol) and is given below in 2-11. 

					     ……….……………………… (2-11)
Where ΔGo is the standard free energy (kJ/mol), R is the universal gas constant (0.00831447 kJ/mol.K), and T is the temperature (Kelvin). The determined standard free energy of urea hydrolysis reaction is 13.47 kJ/mol. The factors which affect the chemical equilibrium are:
i. The chemical concentration of reactants and products
ii. Pressure and temperature of the system 
iii. Adding a catalyst in the system
According to Le-Chatelier's principle, any changes in the factors that affect the conditions of chemical equilibrium, the overall conversion of the system will be reduced or counteracted.  
[bookmark: _Toc71208309]2.4.2. Order of Reaction

The order of a reaction is the relationship between the reaction rate and concentrations of different species [16]. The order of rate is defined as the sum of the exponents of concentration. In other words, the order of a reaction is the exponent to the concentration of that species is raised, and it shows the extent of concentration of a species that influences the rate of reaction. For a simple reaction given in 2-12, the rate law is given in 2-13:
 ……………………………………….. (2-12)
………………..…………………… (2-13)
Where A and B are the concentrations of species A and B (mol/dm3), a and b are the order of species A and B, k is the rate constant, and the rate is the rate of reaction (mol/dm3.s). The total order of a reaction is n, which is the sum of the order of reaction of reactants A and B. Therefore:
 ……………………………………… (2-14)
It is not necessary for an order of reaction to be an integer, and the order of reaction can be [12]:
· Zero means that the rate of reaction is not affected by the concentration of reaction species.
· Negative indicates that the rate of reaction is inversely affected by the concentration of species.
· Positive implies that the rate of reaction is directly affected by the concentration of species.
· Non-Integer, both negative and positive non-integer orders show that the reaction rate is complex and the relationship between concentrations is more complicated.  
Sahu et al. [17] reported the order and rate of reaction of urea hydrolysis by experimentally measuring the values of the final concentration of urea solution. They proved that urea hydrolysis is a forward first-order type reaction; the reaction order is close to 1, and the forward rate constant is a function of temperature. It was determined that the rate constant increases from 0.013 to 0.22 min-1 with increases in temperature from 140°C to 150°C [17]. The rate of reaction was computed as given in 2-15 and 2-16:
………………………………….. (2-15)
Taking log on both sides of the equation gives:
 …………………...…………….. (2-16)
[image: ]Where rA is the rate of reaction, CA is the concentration of urea solution at any time, k is the rate constant, and n is the forward reaction order. Figure 2-7 shows the relationship between the reaction rate and the final concentration of urea solution at different temperatures. 


 





[bookmark: _Toc71318204]Figure 2-7 Changes in urea concentrations and reaction rate and different temperatures [17]

[bookmark: _Toc71208310]2.4.3. Reaction Kinetics

Chemical reaction kinetics [15] provides the rates of conversion of chemical compounds from reactant species into products. During urea hydrolysis, the reaction rate and generation of the desired CO2 and NH3 moles are controlled by the reaction kinetics. Based on Arrhenius theory of reaction kinetics, the dependence of temperature on the rate constant can be explained and shown in 2-17:
………………………………………….. (2-17)
Where k is the reaction rate constant (min-1), A is the pre-exponential factor (min-1), Ea is the activation energy (kJ/mol), R is the universal gas constant (kJ/mol·K), and T is the absolute temperature (K). Wang et al. [5,18] measured the reaction rate constant at different temperatures and computed the urea reaction activation energy as 94.26 kJ/mol and pre-exponential factor (reaction frequency factor) as 1.7E+09 min-1. It was observed that urea hydrolysis was very slow at temperatures below 70°C. Therefore, he added 1 wt.% NaOH to increase urea decomposition and measured the reaction rate constant. The activation energy and pre-exponential factor with 1 wt.% NaOH was 86.84 kJ/mol and 3.3E+08 min-1. Sahu et al. [17] and Kieke et al. [19] also reported the reaction kinetics of urea hydrolysis at different temperatures. The different values of activation energy and pre-exponential factor by different researchers [8,13, 14, 15] are different due to unlike experimental methods, but they concluded that urea decomposition is very slow when the temperature is below 70°C. Figure 2-8 shows the reaction rate constants at different temperatures reported by previous researchers [5, 17, 18, 19]. The activation energy and pre-exponential factor by different authors are provided in Table 2-1.

[bookmark: _Toc71318205]Figure 2-8 The reaction kinetics of urea hydrolysis at different temperatures, activation energy, and pre-exponential factor

[bookmark: _Toc71318261]Table 2-1 Activation energy and pre-exponential factor provided by authors [5,17,18,19]
	Activation Energy and Pre-Exponential Factor 

	Method
	Activation energy, Ea (kJ/gmole)
	Pre-exponential factor, A (1/min)
	Temp Range, °C

	Kieke, et al [4]
	84.20
	2.39E+09
	200- 300

	Sahu, et al [3]
	73.64
	2.89E+07
	140 - 170

	Urea only [1,2]
	94.26
	1.69E+09
	70 - 120

	Urea with 1%NaOH [1,2]
	86.84
	3.29E+08
	70 -90



[bookmark: _Toc71208311]2.5. Oil Swelling

Oil swelling is one of the synergetic mechanisms in ICE. The partitioning of CO2 causes oil swelling, and the amount of oil swelling depends on reservoir temperature, pressure, and oil composition. Oil swelling factor (S.F.) can be defined as the ratio of the volume of CO2-oil mixture at reservoir conditions (pressure and temperature) to the volume of original oil at reservoir temperature and atmospheric pressure [20]. The swelling factor can be calculated as:
……………………………….. (2-18)
Where  is the volume of oil and CO2 mixture at reservoir temperature and pressure and  is the volume of oil at reservoir temperature and atmospheric pressure. Oil swelling factor makes the oil saturation increase and which in turn also increases the oil relative permeability. Both volume swelling and viscosity reduction resulted from CO2 dissolution in the oil will increase oil mobility. Additionally, the dissolution of CO2 into oil also reduces the oil viscosity and mainly depends on the concentration of CO2 in the oil and Figure 2-9 is a schematic of oil swelling processing.
[image: ]






[bookmark: _Toc71318206]Figure 2-9 CO2 partitioning into oil causing oil swelling and increase in oil volume [22]

If the reservoir pressure is below MMP, the dissolution of CO2 into oil will be limited, and its solubility depends on pressure, temperature, and oil compositions.  However, if the reservoir pressure is above MMP, the oil swelling factor almost linearly increases with increases in the CO2 concentration in the oil. An equation of state (EOS) model was built to evaluate the swelling factor of octane under different concentrations of CO2 and pressures. At a pressure of 3101 kPa (450 psi), CO2 concentration is higher than 20% mole fraction, the swelling factor did not increase. It was partially dissolved the CO2 and would work as an immiscible CO2 EOR. Figure 2-10 shows the octane and CO2 mixture swelling factor based on an EOS model. On top of this, the oil swelling factor is also affected by the reservoir temperature and oil types [22]. Oil swelling factor increases with decreasing temperature if the injection pressure is above MMP. It increases with decreasing oil viscosity at constant temperature and pressure above MMP. In other words, the lighter the oil, the higher will be the swelling factor. Figure 2-11 shows the relationships of oil swelling factor with pressure, temperature, oil viscosity, and oil volume [22].

[bookmark: _Toc71318207]Figure 2-10 Octane and CO2 mixture swelling factor at different pressures.
[image: ][bookmark: _Toc71318208]Figure 2-11 Relationship between oil swelling and pressure, temperature, oil viscosity, and oil volume [18]

[bookmark: _Toc71208312]2.6. Oil and CO2 Mixture Viscosity

Oil viscosity reduction in combination with oil swelling is another mechanism of ICE. Oil viscosity is reduced due to the partitioning of CO2 into oil, making oil lighter and increasing its mobility in porous media. When an oil contact with CO2 at high pressures, the non-Newtonian behavior of the crude oil was diminished and ultimately disappeared [23].  The primary parameter in the reduction of oil viscosity is the concentration of CO2 in the oil. The CO2 partitioning is the result of molecular diffusion [21]. There are different ways to measure and calculate the crude oil and CO2 mixture viscosity at different CO2 concentrations. Researchers [20,21,22,23,24,25] measured the mixture viscosity with different experimental methods. Simon et al. [20] have reported that a two-step experimental procedure was used to measure the CO2-Oil mixture viscosity. In the first step, the oil viscosity was measured using a viscometer at the atmospheric pressure and fixed temperature. In the second step, the mixture of oil and CO2 was prepared, and the mixture viscosity and bubble-point pressure were measured at the same fixed temperature [20].  However, they did not report the properties of different crude oils used in the experimental procedure. Hu et al. [23] measured the mixture viscosity for heavy oil using a high-pressure circulation system and measured rheological properties of CO2-oil mixture such as shear rate. They also reported phase behavior measurements of the CO2-oil mixture. The provided the following correlations to calculate the mixture viscosity:
………………………………… (2-19)
…………………………………… (2-20)
Where  is the mixture viscosity (mPa.s), ai and bi (i=1,2) are the fitting parameters, and pmin is the pressure at which oil mixture viscosity reaches the minimum [23]. 
Barclay et al. [25] developed an empirical correlation to calculate CO2 solubility in dead oil and oil viscosity reduction ratio due to CO2 partition based on experimental data. This correlation was developed specifically for oils with 26° API or higher (specific gravity < 0.9). This correlation was based on reservoir pressure and temperature. The correlations for solubility of CO2 in dead and oil viscosity reduction ratio are given below: 
 …………………. (2-21)
 …………………………. (2-22)
Where p is pressure (MPa) and T is the temperature (°C). The solubility (mole fraction) of CO2 into dead oil under different CO2 concentrations, pressures, and temperatures is shown in figure 2-12, and oil viscosity reduction ratio at different temperatures and CO2-Oil solubility is shown in figure 2-13. They did not provide the solubility and oil viscosity ratio based on the mixing criteria of CO2 into dead oil. Mixing can either be linear or non-linear. To consider the CO2 mixing in the oil at different temperatures in this study, a linear mixing rule was used to compute the Oil-CO2 mixture viscosities because CO2 will be generated in-situ and controlled by reaction kinetics. [bookmark: _Toc71318209]Figure 2-12 CO2 solubility in the dead oil at different temperatures and pressures [25]

[image: ]

The oil and aqueous phase viscosities were calculated based on the following correlation described in CMG-STARS:[bookmark: _Toc71318210]Figure 2-13 Oil viscosity reduction ratio at different temperatures and solubility concentration [25]

		
									……………. (2-23) 


[image: ]Where  is the coefficient of the correlation for the temperature dependence of component viscosity in the liquid phases, it has a unit of viscosity (cp),  is the temperature difference, and it has the unit of temperature (K),  is the absolute temperature (°R or K). The values  and  for different components is provided in Appendix-1. The oil-CO2 mixture viscosity was calculated based on the linear mixing rule (Logarithmic Mixing Rule) as below:  
								  ………..…………. (2-24)

Where  is the original oil viscosity (cp),  is the CO2 viscosity, x is the CO2 mole fraction in the oil. Figure 2-14 shows the octane and CO2 mixture viscosity under different CO2 concentrations and temperatures. 















[bookmark: _Toc71208313]Chapter 3: Numerical Modeling of Urea Injection

This chapter explains the methodology used in the study to accomplish the objectives. This study is based on the objective to model the ICE mechanisms on a lab-scale and then upscale it to the field scale. In this study, CMG-STARS for modeling and simulation of fluid flow, and CMG-WinProp was used to study CO2-Oil phase behavior. This research study was divided into different milestones based on objectives. 
First, the reaction kinetics and Gibbs free energy of the urea hydrolysis reaction were studied. Secondly, a 1D numerical mechanistic model was built to evaluate the synergetic mechanisms, oil swelling, viscosity reduction, and wettability alteration involved in the ICE. Thirdly, the 1D mechanistic numerical model was used to history match the laboratory experiments performed for ICE by Wang [5]. The data provided by Wang [5] was used to build the 1D mechanistic numerical models. After history matching and analyzing the uncertainties in history matching, the 1D mechanistic numerical model was upscaled to a 3D quarter 5-spot ICE model. The sensitivity analysis was performed on reservoir temperature, urea concentration, injection rate, and shut-in/no shut-in. The optimized scenario was selected based on the sensitivity analysis and incremental oil recovery. 
3.1. [bookmark: _Toc71208314] Reaction Kinetics and Gibbs free energy
 
The chapter 2 literature review explained that reaction kinetics provides the reaction rates of the urea hydrolysis reaction. Different researchers [5, 17, 18, 19] have investigated the reaction equilibrium, reaction order, and reaction kinetics of the urea hydrolysis reaction. The reaction rates are highly affected by temperature, activation energy, and the pre-exponential factor of the reaction. Wang et al. [5,17] reported reaction rates of urea hydrolysis for temperatures between 70°C and 120°C. The reaction rates of urea hydrolysis at different temperatures are provided in Table 3-1:
[bookmark: _Toc71318262]Table 3-1 Reaction rates of urea hydrolysis reported by Wang et al. [5,17]
	Urea Only

	Temp (°C)
	k (1/min)
	ln(k)
	1/T (1/K)

	70
	1.41E-06
	-13.47
	0.0029

	80
	2.06E-05
	-10.79
	0.0028

	90
	4.09E-05
	-10.11
	0.0028

	100
	1.22E-04
	-9.01
	0.0027

	110
	2.12E-04
	-8.46
	0.0026

	120
	5.37E-04
	-7.53
	0.0025



Wang et al [5,18] added 1 wt.% NaOH in the urea solution and measured the reaction rates of the reaction as shown in Table 3-2:
[bookmark: _Toc71318263]Table 3-2 Reaction rates of urea hydrolysis with 1 wt. % NaOH reported by Wang et al. [5,17]
	Urea with 1% NaOH

	Temp (°C)
	k (1/min)
	ln(k)
	1/T, 1/K

	70
	1.97E-05
	-10.83
	0.0029

	80
	4.76E-05
	-9.95
	0.0028

	90
	1.05E-04
	-9.16
	0.0028



Adding NaOH to the urea solution increases the reaction rates for low temperatures. Therefore, in the following numerical simulation study, temperatures higher than 100°C were used to examine the decomposition of urea into ammonia and carbon dioxide. Similarly, Sahu et al. [17] and Kieke et al. [19] also measured the reaction rates of urea hydrolysis at different temperatures, and their results are summarized in Figure 2-8. Additionally, the researchers [5,17,18,19] also estimated activation energy and pre-exponential factor of the urea reaction based on measured reaction rates. The activation energy and pre- exponential factor by different authors are provided in Table 2-1.
Based on a wide range of activation energy and pre-exponential factor, reaction rates using different activation energies and pre-exponential factors were calculated and the Arrhenius model at 120°C temperature and Arrhenius equation is given in 2-17. The reaction rates for different activation energies and temperatures are shown in Figure 3-1:
[bookmark: _Toc71318211]Figure 3-1 Reaction rates of urea hydrolysis reaction at different activation energies and temperatures
Figure 3-1 shows that the lower the activation energy, the higher is the reaction rate. In the numerical model, activation energy and pre-exponential factor were modified to match CO2 moles from laboratory experiments. In this simulation study, it was noticed that using reaction kinetics reported in the above literature could not produce enough amount of CO2 to match the reported oil recovery by Wang et al. [18]. The hypothesis of modifying the laboratory-determined parameters is that these parameters are different in porous media versus the laboratory bulk phase behavior under the same temperature. Additionally, the laboratory tests did not consider the pressure effect on these parameters. Therefore, these parameters were modified to obtain the CO2 moles at a specific urea concentration. 
In addition to reaction kinetics, Gibbs free energy of urea hydrolysis reaction was computed at different temperatures. Gibbs free energy measures the potential energy of a chemical reaction. It can be used to predict the properties of chemical energy [27]. Gibbs free energy can be computed as:
								……………….. (3-1)

Where G is Gibbs free energy (kJ/mol), H is the heat energy (kJ/mol), T is the system temperature (Kelvin), and S is the entropy of the system (kJ/mol·K). A change in the free energy of the reaction can be measured as:

												 .. (3-2)
    ……………………….. (3-3)
Where G, H, and S, are Gibbs free energy, heat energy, and entropy of reactants and products, respectively. , , and  are the change in the free energy, heat energy, and entropy of the reaction, respectively. If the free energy of reactants is higher than the free energy of the products, Greactants > Gproducts , the reaction will be spontaneous. A spontaneous reaction always releases energy. Therefore, the  must be negative. If the  is positive, the reaction will be non-spontaneous. Computation of the change in the free energy of the reaction at different temperatures can be used to predict the reaction direction. The data of standard enthalpy and entropy of urea hydrolysis reaction is provided in Table 3-3 [26,27]. Figure 3-2 shows Gibbs free energy of urea hydrolysis at different temperatures:


[bookmark: _Toc71318264]Table 3-3 Standard Enthalpy and Entropy of Urea hydrolysis reaction (14.7 psi and 25°C)
	Standard Enthalpy and Entropy of Urea Hydrolysis Reaction

	Component
	Enthalpy (kJ/mol)
	Entropy (kJ/mol.K)

	Urea
	-319.20
	0.1738

	Water
	-285.90
	0.0700

	CO2
	-393.50
	0.2135

	NH3
	-46.19
	0.1925



[bookmark: _Hlk68428729][bookmark: _Toc71318212]Figure 3-2 Gibbs free energy of urea hydrolysis reaction.

Figure 3-2 shows that Gibbs free energy becomes negative above the 340K (~70°C) temperature. The urea hydrolysis reaction becomes spontaneous when the temperature is above 70°C temperature. Hence, to apply urea as a CO2 generating agent, one of the critical design parameters is that the reservoir temperature must be higher than 70 °C.  The reaction rate can only be increased if a catalyst is added to the urea solution, such as sodium hydroxide. 
3.2. [bookmark: _Toc71208315] 1D Mechanistic Numerical Model

Based on the analysis of reaction kinetics and reaction rates, a 1D mechanistic numerical model was built to simulate and match the laboratory experiments. A sensitivity analysis was performed to select the best grid size without any convergence problems. From this exercise, the model uses 100 grid blocks in the flow direction. The 1D mechanistic numerical model was based on 1 injector and 1 producer wells. The grid and input data of the 1D mechanistic numerical model is provided in Table 3-4:
[bookmark: _Toc71318265]Table 3-4 1D mechanistic numerical model grid and rock properties
	Grid and Rock Properties

	Property
	Value

	Grid Dimensions (x*y*z)
	100*1*1

	X-direction block size (cm)
	0.31

	Y-direction block size (cm)
	2.00

	Porosity (frac)
	0.10

	Permeability (x, y and z)
	100 mD

	Water saturation
	0.50

	Thickness (cm)
	2.00



The 1D mechanistic numerical model is shown in Figure 3-3. Octane (C8H18) was used as the oleic phase in the model. An EOS model was built to calculate the phase behavior, molar volumes, and fluid properties of octane at different pressures and temperatures.  
The urea hydrolysis reaction, reaction stoichiometry, and kinetics were incorporated into the model. The properties of urea, ammonia, carbon dioxide, water, and octane are provided in Table 3-5. The critical properties and densities of all the components other than octane were taken from the National Institute of Standards and Technology (NIST) [28]. 
	Properties of Components

	Component
	Critical Pressure (psi)
	Critical Temperature (°F)
	Molecular Weight (lb/lbmole)
	Density (lb/ft3)

	Urea
	688.96
	1122.00
	60
	83.03

	CO2
	1069.80
	87.89
	44
	49.19

	Water
	3197.50
	705.10
	18
	62.40

	NH3
	1638.93
	270.05
	17
	38.55

	C8H18
	427.95
	567.23
	107
	42.08


[bookmark: _Toc71318266]Table 3-5 Properties of Components in 1D Mechanistic Numerical Model




The viscosity of the octane and mixture viscosity of octane and CO2 was estimated using viscosity correlation in CMG-STARS. A linear correlation aforementioned was used because it has better control on temperature and concentration of CO2 in the oleic phase. 
The viscosity of octane at different temperatures is given in Table 3-6. The estimated viscosity of octane was incorporated in the numerical model. Injector 
Producer
Oil
Water
[bookmark: _Toc71318213]Figure 3-3 1D mechanistic numerical model


[bookmark: _Toc71318267]Table 3-6 Octane Viscosity estimated using CMG-STARS viscosity correlation.
	Octane Viscosity

	Ta (°C)
	Viscosity (cp)

	120
	0.21

	88
	0.27

	60
	0.35

	25
	0.51



Similarly, the viscosity of CO2 and water were estimated and incorporated into the model. Likewise, the mixture viscosity of octane and CO2 was estimated using linear (Logarithmic) mixing rule viscosity correlation used by CMG-STARS (equation 2-24).
Figure 3-4 shows the octane and CO2 mixture viscosity under different CO2 concentrations and temperatures. After running the numerical model, the mixture viscosities were examined and were matching with the estimated viscosity. 
In addition to the viscosity of octane and mixture viscosity of octane and CO2, the oil swelling factor was estimated using a two-phase flash EOS model. The oil swelling factor is shown in Figures 3-5 under different CO2 concentrations and pressures. It can be observed that pressure above 3101 kPa, CO2 is miscible in octane, and swelling factor is increasing linearly with an increase in CO2 concentration in the octane. Hence, this pressure is believed to be minimum miscibility pressure (MMP). Therefore, based on this observation, the injection pressure was kept well above 3101 kPa in the mechanistic model. The relative permeability of the oil and water was estimated using Corey two-phase relative permeability correlation. 
Additionally, the ammonia alkali (in-situ surfactant) mechanism was incorporated in the numerical model through CMG-STARS built-in process workflow of alkali/surfactant/polymer injection. The ammonia concentration was estimated based on reaction stoichiometry, and the built-in process workflow calculated interfacial tension (IFT) of 50 dynes/cm. Since there is no petroleum acid in the octane and there was no direct measurement of octane/water IFT available, the IFT data used in the model was based on Karen Li's [14] measurement dodecane/water IFT at different urea concentrations at 25°C and 1 atm. The earlier discussion shows that urea hydrolysis reaction becomes spontaneous at temperatures higher than 70°C. Li [14] performed IFT measurements based on different urea concentrations for dodecane and middle eastern oil and are shown in Figure 3-6. This reduction of IFT might not be the result of ammonia and CO2 partitioning because urea hydrolysis reaction has not started decomposing into ammonia and CO2 to have the synergetic mechanism of ammonia alkali and IFT reduction at 25°C and 1 atm. Therefore, IFT measurements performed by Li [14] were not due to ammonia alkali. [bookmark: _Toc71318214]Figure 3-4 Mixture viscosity of octane and CO2 under different CO2 concentrations and temperatures
[bookmark: _Toc71318215]Figure 3-5 Oil swelling factor under different CO2 concentrations and pressures

[bookmark: _Toc71318216]Figure 3-6 IFT measurements under different urea concentration for dodecane and middle eastern oil [14]

Yuan [30] used urea as a hydrotrope to solubilize the hydrophobic compounds in an aqueous solution [30]. It works as a salting process and increases the charge of the solute molecule. Similarly, the hydrotropes have hydrophobic and hydrophilic parts like surfactants. However, urea as a hydrotrope works as alcohol at lower temperatures [30]. Due to the hydrogen-hydrogen bond with carbon and a carboxylic acid, it works as a surfactant at lower temperatures and reduces interfacial tension without undergoing urea hydrolysis reaction [30].  The model was run after incorporating model components, urea hydrolysis reaction, stoichiometry, kinetics, and viscosity of components. A sensitivity analysis was performed to optimize the reaction rate to produce desired CO2 moles based on urea concentration.  The results and observations based on the 1D mechanistic numerical model will be discussed in Chapter 4 Results and Observations. 
3.3. [bookmark: _Toc71208316] 1D Laboratory Numerical Models

The second objective was to validate the synergetic mechanisms based on laboratory experiments performed by Wang [5,18]. Wang [5,18] conducted 11 laboratory experiments based on different oil compositions and operating strategies to evaluate the incremental oil recovery by ICE. The model validation is to history match the oil saturation profiles as observed in the lab with the same injection scheme. The purpose of building 1D lab mechanistic numerical models was to match the laboratory experiments to chemical reaction parameter and displacement relative permeabilities, history match the oil saturation vs pore volume injected of ammonium carbamate and brine, and validate the synergetic mechanisms of ICE. Three laboratory experiments were picked based on different oil compositions, i.e., dodecane, Earlsboro Oil, and DeepStar Oil. The data of three laboratory experiments is provided in Table 3-7. 
[bookmark: _Toc71318268]Table 3-7 ICE Laboratory experiment data used for lab mechanistic numerical models [5,18]
	ICE laboratory experiments selected for History Matching 

	Test
	Oil
	φ (%)
	K* (md)
	Sor after waterflooding (%)
	PV (cc)
	Temp (°C)
	Inj. Pres (psi)
	Flow rate (cc/min)
	Urea concentration (wt.%)

	Test-1
	Dodecane
	34.3
	4006.4
	22.6
	18.934
	120
	1500
	0.03
	35

	Test-2
	Earlsboro
	33.9
	3929.0
	50.0
	18.645
	120
	1500
	0.03
	35

	Test-3
	DeepStar
	34.0
	3939.2
	28.9
	18.700
	120
	1500
	0.03
	35


* permeability in x, y, and z-direction
The length of cores in the laboratory experiments was 6 inches and the inside diameter of the cores was 0.834 inches [8]. Based on the length and diameter of the cores in the laboratory experiments, the 1D lab mechanistic models were built with 51 grid blocks in the x-direction. The EOS models were built based on oil compositions used by Wang [5,18] in their lab experiments. The oil compositions of Earlsboro and DeepStar oils are provided in Figures 3-7 and 3-8 [5,18]. The original oil composition of Earlsboro oil sample was available, whereas, for DeepStar, oil composition after brine flooding was available [5]. The EOS models of Earlsboro and DeepStar oils were lumped into one component and incorporated in the 1D lab mechanistic models. The lumped components were named Earlsboro oil for Earlsboro and DeepStar oil for DeepStar. The critical properties of dodecane, Earlsboro oil, and DeepStar oil are provided in Table 3-8.
[bookmark: _Toc71318269] Table 3-8 Critical properties of oleic phase components in Lab Mechanistic Numerical Models[bookmark: _Toc71318217]Figure 3-7 Earlsboro original dead oil composition [5]

	Properties of Components in 1D Lab Mechanistic Numerical Models

	Component
	Critical Pressure (psi)
	Critical Temperature (F)
	Molecular Weight (lb/lbmole)
	Density (lb/ft3)

	Dodecane
	317.87
	735.35
	161
	44.52

	Earlsboro oil
	329.41
	723.23
	162
	46.55

	DeepStar oil
	307.18
	764.15
	179
	46.62


The physical properties of dodecane, Earlsboro, and DeepStar oil samples at atmospheric pressure and room temperature (25°C) used in laboratory experiments by Wang [5] are provided in Table 3-9. [bookmark: _Toc71318218]Figure 3-8 DeepStar original dead oil composition after brine flooding [5]

[bookmark: _Toc71318270]Table 3-9 Physical properties of Dodecane, Earlsboro, and DeepStar oil samples at atmospheric pressure and 25°C temperature [5]
	API and Viscosity of oil samples

	 
	°API
	Viscosity (cp)

	Dodecane
	57.30
	1.340

	Earlsboro
	40.00
	4.60

	DeepStar
	27.00
	22.00


Based on available viscosity data of dodecane, Earlsboro, and DeepStar oil samples, the coefficients of CMG-STARS viscosity correlations (equation 3-6),  and  were modified to match the viscosities of oil samples at 25°C and extrapolated to different temperatures for 1D lab mechanistic models. The matched coefficients of CMG-STARS viscosity correlation and estimated viscosities of dodecane, Earlsboro oil, and DeepStar oil at different temperatures are provided in Tables 3-10 and Table 3-11. Similarly, the mixture viscosities of CO2 and dodecane, Earlsboro oil, and DeepStar oil were calculated using Equation 3-7 and are shown in Figures 3-9, 3-10, and 3-11, respectively. 
[bookmark: _Toc71318271]Table 3-10 CMG-STARS viscosity correlation matched coefficients at 25°C
	Viscosity Correlation Matched Coefficients

	Oleic Component
	Matched Avisc (cp)
	Matched Bvisc (K)
	Matched Viscosity at 25°C

	Dodecane
	0.0104
	1446.80
	1.34

	Earlsboro oil
	0.0095
	1842.00
	4.60

	DeepStar oil
	0.0064
	2424.61
	22.00



[bookmark: _Toc71318272]Table 3-11 Viscosities of dodecane, Earlsboro oil, and DeepStar oil based on different temperatures.
	Viscosities of Dodecane, Earlsboro oil, and DeepStar oil based on CMG-STARS Viscosity Correlation

	Oleic Component
	Viscosity (cp)

	
	25°C
	50°C
	80°C
	100°C
	120°C
	150°C

	Dodecane
	1.34
	0.92
	0.63
	0.50
	0.41
	0.32

	Earlsboro oil
	4.60
	2.85
	1.76
	1.33
	1.03
	0.74

	DeepStar oil
	22.00
	11.72
	6.19
	4.28
	3.08
	1.99



[bookmark: _Toc71318219]Figure 3-9 Dodecane and CO2 mixture viscosity under different CO2 concentrations and temperatures



[bookmark: _Toc71318220]Figure 3-10 Earlsboro oil and CO2 mixture viscosity under different CO2 concentrations and temperatures

[bookmark: _Toc71318221]Figure 3-11 DeepStar oil and CO2 mixture viscosity under different CO2 concentrations and temperatures




Wang [5] used 35 wt.% urea concentration in Test-1, 2, and 3, provided in Table 3-7. The urea injection mole fraction was estimated based on the density of urea and water and urea concentrations. The water density was calculated using EOS to be 788 kg/m3 (49.19 lb/ft3) at 120°C. The molar calculations of 35 wt.% urea concentration and 100 gm solution at 120°C are provided in Table 3-12. 
[bookmark: _Toc71318273]Table 3-12 The molar calculations for urea injection at 120°C
	Molar Calculations of Urea at 120°C 

	Component
	Mass concentration (frac)
	 Mass (kg)
	Moles
	Mole fraction

	Urea
	0.35
	0.035
	0.58
	0.14

	Water
	0.65
	0.065
	3.61
	0.86


[image: ]
Based on the molar calculation at 35 wt. % urea concentration, 0.14 mole fraction of urea were used for injection in three 1D lab mechanistic numerical models. Wang [5] performed laboratory experiments based on different injection and shut-in strategies. The laboratory measured oil saturation versus pore volume of urea and brine injected during the ICE laboratory experiments by Wang [8] is shown in Figure 3-12. Figure 3-12 shows that initially two pore volumes (PV) of ammonium carbamate solution were injected, followed by two PV of brine, followed by two PV of ammonium carbamate, followed by a shut-in of injection and production for almost 5 PV, and followed by 2-5 PV of brine in Test-1 (Test-7 in Figure 3-12), 2 (Test-5 in Figure 3-12), and 3 (Test-6 in Figure 3-12). Therefore, similar operating strategies of ammonium carbamate and brine were incorporated in the 1D lab mechanistic numerical models for history matching and ICE synergetic mechanisms validation. [bookmark: _Toc71318222]Figure 3-12 Laboratory measured oil saturation and pore volume injected of ammonium carbamate and brine for different oil compositions and tests [5]

The molar calculations were performed for quality checking purposes, and CO2 moles were back-calculated based on multiple injection cycles of ammonium carbamate, followed by a shut-in in the laboratory experiments. The CO2 moles produced during the urea hydrolysis reaction in the 1D lab mechanistic numerical models matched the molar calculations. The molar calculations at different urea mole fractions are provided in Table 3-13. Additionally, similar reaction kinetics were used in the lab numerical model in the 1D mechanistic numerical model. 
The relative permeability of oil and water was estimated using a two-phase Corey relative permeability correlation because there was no relative permeability measurement available for the laboratory experiments. The relative permeability of water and end-point saturations were modified to history match the measured oil saturation at different pore volumes. 


[bookmark: _Toc71318274]Table 3-13 Urea molar calculations based on operating strategies under different urea mole fractions.
	Urea molar calculations under different urea mole fractions

	Urea mole fraction
	Urea Solution injection rate (cc/min)
	Urea mass (kg/min)
	Urea (moles/min)
	Total Urea (moles) Including Shut-in

	6%
	0.0018
	2.39E-06
	3.99E-05
	0.23

	14%
	0.0042
	5.59E-06
	9.31E-05
	0.53

	21%
	0.0063
	8.38E-06
	1.40E-04
	0.79

	28%
	0.0084
	1.12E-05
	1.86E-04
	1.06

	35%
	0.0105
	1.40E-05
	2.33E-04
	1.32



Since the molar ratio of urea and CO2 is 1:1 (the stoichiometric equation is given in 1-1), therefore, the urea moles produced would be considered CO2 moles produced given sufficient reaction time at the set temperature. 
Additionally, the oil swelling factor was calculated for dodecane, Earlsboro oil, and DeepStar oil based on EOS. The oil swelling factor of dodecane, Earlsboro oil, and DeepStar oil is shown in Figures 3-13, 3-14, and 3-15. It can be observed that in the two cases with pressure above 3101 kPa (450 psi) pressure, CO2 is miscible in dodecane, and the swelling factor is increasing linearly concerning increasing in CO2 concentration in dodecane. This shows that when pressure is 3101 kPa and 15% CO2 mole fraction, the system is not in miscibility. Similar behavior was observed for Earlsboro oil and DeepStar oil. Additionally, the IFT measurements under different urea concentrations and oil compositions were performed by Li [14]. The IFT measurements of dodecane under different urea concentrations at 25°C and 1 atm are shown in Figure 3-16. 
[bookmark: _Toc71318223]Figure 3-13 Dodecane swelling factor under different CO2 concentrations and pressures.


[bookmark: _Toc71318224][bookmark: _Hlk66977562]Figure 3-14 Earlsboro oil swelling factor under different CO2 concentrations and pressures.

[bookmark: _Toc71318225]Figure 3-16 Measured Interfacial tension of Earlsboro oil sample under different sodium hydroxide concentration [14]
[bookmark: _Toc71318226]Figure 3-15 DeepStar oil swelling factor under different CO2 concentrations and pressures.


One of the objectives of history matches the laboratory experiments was to validate the synergetic mechanism and to quantify contributions of two ICE synergetic mechanisms in terms of recovery factors. The contribution of oil swelling and viscosity reduction to the recovery was quantified with reaction kinetics only, whereas ammonia alkali (in-situ surfactant) was quantified by modifying relative permeability endpoints and oil/water relative exponents. 

3.4. [bookmark: _Toc71208317] 3D Sector Model

[bookmark: _Hlk68462392]The 1D mechanistic numerical models were upscaled to a 3D quarter 5-spot model (1 injector and 1 producer wells and they are positioned diagonally in a square). The model parameters are provided in Table 3-14:
[bookmark: _Toc71318275]Table 3-14 3D quarter 5-spot grid and rock properties
	Grid and Rock Properties

	Property
	Value

	Grid Dimensions (x*y*z)
	44*44*4

	X/Y-direction block size (ft)
	15

	Porosity (frac)
	0.15

	Permeability (x, y and z)
	200 mD

	Water saturation
	0.40

	*Thickness (ft)
	15.00

	Depth (ft)
	4000.00

	Area (acres)
	10.00

	Original Oil In-place (OOIP), MMBBL
	0.42

	Reservoir Temperature (°F)
	248

	Reservoir Pressure (psia)
	1500


			*Thickness of each layer was 15ft.
Building this model aims to simulate the urea flooding on a field scale and evaluate the prize of In-Situ CO2 EOR. Initially, a base case without urea flooding was constructed, and after evaluating oil recovery, urea reaction was incorporated for In-Situ CO2 EOR (ICE). The 3D view of the quarter 5-spot field model is shown in Figure 3-17:

[image: ][bookmark: _Toc71318227]Figure 3-17 3D quarter 5-spot field model

In the model, the oleic phase was characterized by EOS with three components: light hydrocarbon, medium hydrocarbon, and heavy hydrocarbon, and EOS is from CMG-STARS SPE-003 (SPE comparative solution for steam drive simulation) template. The properties of oleic components are provided in Table 3-15:
[bookmark: _Toc71318276]Table 3-15 The properties of oleic components in the 3D quarter 5-spot sector model
	Properties of Oleic Components in 3D Sector Model

	Component
	Critical Pressure (psi)
	Critical Temperature (F)
	Mol.Wt (lb/lbmole)
	Density (lb/ft3)

	Light Oil
	225
	800
	250
	52.30

	Medium Oil
	140
	950
	450
	57.65

	Heavy Oil
	100
	1000
	600
	61.20




The viscosity of oleic components was taken from a similar template; however, mixture viscosities were estimated using equations 3-6. The viscosity of light, medium, and heavy oil at different temperatures is provided in Table 3-16: 
[bookmark: _Toc71318277]Table 3-16 The viscosity of light, medium, and heavy oleic phase components at different temperatures
	Viscosities of Light, Medium, and Heavy oleic components CMG-STARS SPE Template

	Oleic Component
	Viscosity (cp)

	
	24°C
	38°C
	93°C
	149°C
	177°C
	260°C

	Light Oil
	2.33
	1.99
	1.14
	0.71
	0.57
	0.32

	Medium Oil
	10.58
	9.06
	5.18
	3.21
	2.58
	1.45

	Heavy Oil
	5780.00
	1380.00
	47.00
	8.50
	5.20
	2.50



Additionally, similar reaction kinetics were used, based on optimization to produce the number of CO2 moles. The molar calculations were also performed to quality check the base case with urea hydrolysis reaction. The base case was run for sixty (60) days without any shut-in and controlled the model with injection pressure. The molar calculations of base case with urea flooding at 500 bbls/d injection rate are provided in Table 3-17.
[bookmark: _Toc71318278][bookmark: _Hlk71320400]Table 3-17 The urea molar calculations for the 3D sector model
	Molar Calculations for 3D Field Case

	Urea mole fraction
	Urea (ft3/day)
	Urea (lb/day)
	Urea (moles/day)
	Urea Total (moles)

	6%
	168
	13986
	233
	14219

	14%
	393
	32635
	544
	33179

	21%
	590
	48952
	816
	49768

	28%
	786
	65269
	1088
	66357

	35%
	983
	81587
	1360
	82946



After building the 3D a quarter 5-spot field model and incorporating the required data of urea hydrolysis reaction, the base case with urea flooding was evaluated based on oil recovery and the base case with water/brine flooding. After comparing base cases, a sensitivity analysis was performed based on 1) Injection rate; 2) Reservoir Temperature; 3) Shut-in/No-Shu-in; and 4) urea concentration. An optimized scenario was selected based on the sensitivity analysis, and the prize of In-Situ CO2 EOR (ICE) was determined. The results and observation of the 3D quarter 5-spot field model are discussed in Chapter 4 Results and Observations.  
























[bookmark: _Toc71208318]Chapter 4: Simulation Results and Discussions

The numerical modeling schemes involved in this study were explained in Chapter 3 Numerical Modeling of Urea Injection. In this chapter, the results and observations of each numerical mechanistic model will be discussed. 
4.1. [bookmark: _Toc71208319]1D Numerical Mechanistic Model

The 1D numerical mechanistic model was built to model the synergetic mechanisms of ICE. The urea hydrolysis reaction kinetics were studied thoroughly before building the model. Based on urea hydrolysis reaction kinetics provided by researchers [5,17,18,19], the model was constructed, and reaction data was incorporated. However, reaction kinetics provided by researchers [5,17,18,19] did not generate a sufficient amount of CO2 moles in the numerical simulation model based on molar calculations. 
To produce the desired CO2 moles, the reaction kinetics, i.e., the activation energy (kJ/mol) and pre-exponential factor, A, (also known as reaction frequency factor, 1/min) was modified in the model. Based on 35 wt.% urea concentration, the numerical model should produce 0.24 moles of CO2 and determined activation energy of 84.50 kJ/mole and pre-exponential factor of 7E+09 1/min were used to produce the desired CO2 moles. The urea solution was continuously injected in the model; hence, the CO2 moles increased with time. Figure 4-1 shows the CO2 mole fraction in oil at different pore volumes injected in the reservoir. 
After successfully developing the workflow to model the synergetic mechanisms of ICE, the following were the results and observations based on the 1D mechanistic numerical model:[bookmark: _Toc71318228]Figure 4-1 The produced number of CO2 moles dissolved in the oil at different pore volume injection.

1. Oil swelling has a nearly linear relationship with the amount of CO2 dissolved in the oil phase. Up to 25% oil swelling was observed when 0.24 moles of CO2 dissolved in oil. The oil swelling factor of octane based on EOS was showed in Figures 2-10 and 3-6. 
2. Due to oil swelling, a 0.16% increase in oil saturation was also observed after injecting 14 pore volumes of water and urea solution. 
3. Octane viscosity was reduced from 0.21 cp to 0.12 cp due to mixing with CO2, a viscosity reduction of 43% in oil viscosity. Figure 4-2 shows the octane viscosity at different PV injected of urea. 
4.  The incremental oil recovery due to oil swelling and viscosity reduction was 8.50% after urea injection in the mechanistic numerical model. 
5. The octane was used as the oleic phase in the 1D mechanistic numerical model, and it was assumed that there was no petroleum acid in the octane. However, IFT reduction was observed due to reduced oil viscosity, and incremental recovery due to reduction in IFT was 6.61% in the numerical mechanistic model. Therefore, due to synergetic mechanisms of oil swelling, viscosity, and IFT reduction, a total incremental recovery of 15.11% was observed. [bookmark: _Toc71318229]Figure 4-3 The cumulative oil produced due to oil swelling, and viscosity and IFT reduction synergetic mechanisms.
[bookmark: _Toc71318230]Figure 4-2 The CO2 and octane mixture viscosity in the core at different PV injected of urea.

Figure 4-3 shows the cumulative production due to oil swelling and viscosity reduction, the combined effect of oil swelling, viscosity, and IFT reduction at different pore volumes of urea injection. 
4.2. [bookmark: _Toc71208320]1D Laboratory Numerical Models

1D laboratory experiments on ICE were performed by Wang [5] and were used to validate the synergetic mechanisms modeled in the 1D mechanistic numerical model in this study. Laboratory experiments with different oil compositions and residual oil saturations were chosen for history matching. The measured oil saturations versus pore volumes of injection were history-matched for three different tests: Test-1 was performed with Dodecane, Test-2 was performed with Earlsboro oil, and Test-3 was performed with DeepStar oil. The model and fluid properties for three different oils are provided in Chapter 3. The results and observations of each test are provided below:
4.2.1. [bookmark: _Toc71208321]Test-1 – Dodecane

1. The urea reaction kinetics previously matched in the 1D mechanistic numerical model was used in this case, but it did not produce the desired amount of CO2 with the 35 wt.% urea concentration that was used in the laboratory experiments. Based on molar calculations, the urea reaction produced 0.53 moles of CO2. The increase CO2 moles were due to different injection cycles of urea and brine and shut-in in between injection cycles. In the simulation, the activation energy was set 92 kJ/mole and a pre-exponential factor to 8E+09 min-1 was used to generate the desired CO2 moles for the history matching. Figure 4-4 shows the concentration of CO2 in the dodecane at different PV injections. To history match the Test-1, reaction kinetics were modified. Figure 4-4 shows that CO2 mole fraction in dodecane increases significantly from 6 PV to 11 PV injection which is due to shut-in but urea reaction in the core continued to produce CO2.[bookmark: _Toc71318231]Figure 4-4 The produced CO2 moles dissolved in the oil at different pore volume injection.

2. It was assumed that there was no petroleum acid in dodecane. Therefore, only oil swelling and viscosity reduction synergetic mechanisms present in Test-1. Based on the CO2 concentration in dodecane, the oil swelling was ~50%, and incremental oil recovery due to oil swelling and viscosity reduction was quantified as 17.96% in the Test-1. The dodecane viscosity was reduced from 0.41 cp to 0.10 cp, representing 76% reduction in oil viscosity. Figure 4-5 shows the dodecane viscosity at different PV injected of urea. Similarly, figure 4-5 shows the mixture viscosity reduces significantly from 6 PV to 11 PV injection which is due to chemical reaction continuation during shut-in.
3. No direct measurement of relative permeability was available in the laboratory experiments of ICE. Relative permeability data was not modified for history matching in the Test-1, and the urea reaction kinetics proved to be the main uncertainty in this case. The main synergetic mechanisms in this case were oil swelling and viscosity reduction. [bookmark: _Toc71318232]Figure 4-5  The CO2 and dodecane mixture viscosity in the core at different PV injected of urea.

4. However, Li [14] measured the IFT of dodecane under different urea concentrations as shown in Figure 3-6 in Chapter 3 with possible reasons. After incorporating the dodecane IFT measured by Li [14] in the model, the incremental recovery due to IFT reduction was observed as 0.20% after modifying relative permeability, and the comparison of relative permeability is shown in Figure 4-7. Test-1 history match is shown in Figure 4-6. 
5. The ICE synergetic mechanisms of oil swelling and viscosity reduction were validated in this case, but the reduction of IFT and modifying the relative permeability may not be accurate and requires further laboratory measurements. Additionally, it can be observed in Figure 4-6 that initial measured data is not very well matched with simulated data which may be due to uncertainty in the relative permeability of the sample, and this rock sample is believed to be highly water-wet.[bookmark: _Toc71318233]Figure 4-6 Test-1 dodecane history match and validation of synergetic mechanisms of ICE











4.2.2. [bookmark: _Toc71208322]Test-2 – Earlsboro oil
[bookmark: _Toc71318234]Figure 4-7 Original and modified relative permeability data used in Test-1.

In this case, the urea reaction kinetics used the same value as in Test-1 since the temperature was the same. The activation energy of 92 kJ/mole and pre-exponential factor of 8E+09 min-1 was used in the history matching of all three tests. The results and observations of Test-2 are provided below:
1. The urea reaction kinetics in the model could generate 0.15 moles of CO2 which accounts for 3.78% incremental recovery due to oil swelling and viscosity reduction. Figure 4-8 shows the concentration of CO2 in Earlsboro oil at different PV injection of urea without modifying relative permeability. 
2. After modifying reaction kinetics, the swelling factor and mixture viscosity was affected, and the model did not produce sufficient CO2 moles compared to molar calculations based on urea concentration and injection rate. However, after modifying the relative permeability endpoints to incorporate the contribution of IFT reduction and wettability alteration in the model, the produced CO2 moles increased to 0.40 which account for 44.39% incremental recovery due to the combined effect of oil swelling, viscosity and IFT reduction, and wettability alteration. The increase in CO2 number of moles produced may be due to more mobile oil allowed to flow after modifying relative permeability endpoints. Li [14] measured the IFT of Earlsboro oil under different sodium hydroxide concentrations and reported the petroleum acid content in Earlsboro oil as high. Therefore, it was believed that incremental recovery due to the synergetic mechanism of wettability alteration because of ammonia alkali is significant and contributes to more In-Situ CO2 production. Figure 4-8 shows the concentration of CO2 in Earlsboro oil after modifying relative permeability endpoints at different PV injections of urea. 
3. It was believed that reduction of IFT and relative permeability endpoints allow more oil to mobilize in the porous media, produces more CO2 which partitions into oil and contributes to incremental oil recovery. Therefore, the recovery due to oil swelling and viscosity reduction can be higher than 3.78%. The relative permeability endpoints were reduced by 38% as compared to the original endpoint saturation. Since, there was no direct measurement of relative permeability available, the relative permeability of oil and water, and endpoint saturations were modified based on trial and error to history match the Test-2. 
4. The viscosity reduction of Earlsboro oil after modifying relative permeability endpoints and at 0.40 moles of CO2 dissolved in Earlsboro oil was 79%, Earlsboro oil viscosity reduced from 1.03 cp to 0.21 cp. The mixture viscosity of Earlsboro oil and CO2 is shown in Figure 4-10. Additionally, the residual oil saturation after urea flooding reduced from 50% to 30%.  
5. Test-2 was history matched with measured oil saturation versus pore volumes injected with less than 5% error. The history matching of Test-2 is shown in Figure 4-11. It can be observed in the Figure that with modifying relative permeability of oil and water, and endpoints, the simulated data is too far from measured data. The initial part of history matching (up to 2 PV injected) shows a higher decrease in oil saturation as compared to measured oil saturation which may be due to higher uncertainty in water permeability. 
6. It was also observed that relative permeability was highly CO2 concentration-dependent in all lab cases due to cyclic injection of brine and urea based on mismatches in the history matching. Relative permeability showed dynamic behavior while history matching the observed data due to switching of injection fluid from urea to brine. Urea injected affected the flow of water and oil in porous media which may be the reason for the concentration dependency of relative permeability. However, the simulator does not account for the concentration effect of relative permeability for different phases of injection, it only has one relative permeability dataset for all fluids in the reservoir. The original and modified relative permeability data used in Test-2 is shown in Figure 4-12. 
7. The contributions of synergetic mechanisms of ICE in terms of recovery factor in the Test-2 were, recovery due to oil swelling and viscosity reduction was higher than 6.39% and recovery due to IFT reduction and wettability alteration was 38%.  [bookmark: _Toc71318235]Figure 4-8 The produced CO2 moles dissolved in the Earlsboro oil at different pore volume injection without modifying relative permeability.

[bookmark: _Toc71318236]Figure 4-9 The produced CO2 moles dissolved in the Earlsboro oil at different pore volume injection after modifying relative permeability.

[bookmark: _Toc71318237]Figure 4-11 Test-2 Earlsboro oil history match and validation of synergetic mechanisms of ICE
[bookmark: _Toc71318238]Figure 4-10 The CO2 and Earlsboro oil mixture viscosity in the core at different PV injected of urea.



[bookmark: _Toc71318239]Figure 4-12 Original and modified relative permeability data used in Test-2.

4.2.3. [bookmark: _Toc71208323]Test-3 – DeepStar oil

DeepStar oil used in Test-3 was the heaviest (in terms of viscosity) and the history matching behavior of this test was different from the previous two tests. The urea reaction kinetics were set to have an activation energy of 92 kJ/mole and a pre-exponential factor of 8E+09 min-1 determined from the previous simulation. History matching results and observations are provided below:
1. In this test, the urea reaction produced 0.41 moles of CO2, whereas based on molar calculations, it should produce 0.53 moles of CO2. The reason to analyze the produced CO2 moles based on urea reaction kinetics without modifying the relative permeability was to evaluate how much urea reaction kinetics alone contribute to oil swelling and viscosity reduction. This resulted in different behavior of urea hydrolysis and CO2 partitioning in different reservoir fluid compositions. Figure 4-13 shows the concentration of CO2 in DeepStar oil at different PV injection of urea without modifying relative permeability. 
2. To obtain a good history match of measured versus simulated data, the relative permeability of oil and water and endpoints were modified. Modifying relative permeability served the purpose of IFT reduction due to viscosity reduction and wettability alteration. After modifying relative permeability, the produced CO2 moles also increased to 0.50 from 0.40 which depicted that increasing the oil relative permeability causes the urea reaction to produce more CO2, swell the oil, and reduce the oil viscosity. Figure 4-14 shows the concentration of CO2 in DeepStar oil at different PV injections of urea after modifying relative permeability. The original and modified relative permeability data used in Test-3 is shown in Figure 4-16. 
3. The incremental oil recovery due to oil swelling and viscosity reduction without modifying relative permeability was 11.36%. In contrast, modifying relative permeability to incorporate IFT reduction and ammonia alkali synergetic mechanism, the incremental recovery increased to 24.75%. 
4. The viscosity of DeepStar oil reduced from 3.07 cp to 0.27 cp; a reduction of 91% was observed during the history matching of Test-2, and this contributed to significant incremental oil recovery. The mixture viscosity of DeepStar oil and CO2 is shown in Figure 4-15. Additionally, the residual oil saturation reduced from 29% to 26% in this test. 
5. Test-3 history match of oil saturation versus pore volumes injected is shown in Figure 4-17. It can be observed that in Figure that oil saturation is not very well matched from 2 to 10 PV injected. Due to the injection of different fluids in cycles and relative permeability, it seemed to be CO2 concentration-dependent. The direct measurement of relative permeability of oil and water during injection of brine and urea was not available. Therefore, this best match was obtained based on a trial-and-error approach. Additionally, it was also observed that the cycle of brine injection assisted in recovering the mixture of oil and CO2, having lower viscosity as compared to original reservoir oil. A similar approach was followed while designing the optimized urea flooding scenario on a field scale. [bookmark: _Toc71318240]Figure 4-13 The produced CO2 moles dissolved in the DeepStar oil at different pore volume injection without modifying relative permeability.




[bookmark: _Toc71318241]Figure 4-14 The produced CO2 moles dissolved in the DeepStar oil at different pore volume injection after modifying relative permeability.

[bookmark: _Toc71318242]Figure 4-15 The CO2 and DeepStar oil mixture viscosity in the core at different PV injected of urea.



[bookmark: _Hlk70364001][bookmark: _Hlk70364002][bookmark: _Toc71318243]Figure 4-16 Original and modified relative permeability data used in Test-3.

[bookmark: _Toc71318244]Figure 4-17 Test-3 DeepStar oil history match and validation of synergetic mechanisms of ICE

4.3. [bookmark: _Toc71208324]3D Sector Model

The objective of building a 3D model was to optimize the urea injection based on urea injection slug, shut-in duration, and urea concentration. Different scenarios were to evaluate the optimal urea injection scenario as compared to waterflooding. The waterflooding scenario was considered as Base Case. The production and injection constraints of the base case and urea injection cases are provided in Table 4-1. 
[bookmark: _Toc71318279]Table 4-1 Production and Injection constraints used in 3D sector model.
	Production /Injection Constraints

	Constraint
	Value

	Injection Rate (bpd)
	2000

	Injection Pressure (psi)
	4000

	Production Liquid Rate (bpd)
	2000

	*PV Injected
	0.172

	Reservoir Temperature (°F)
	248

	Reservoir Pressure (psi)
	1500


			      *Actual PV injected can be different based on injection profile.
The results and observations of sensitivity analysis and optimal urea flooding scenario are provided below:
1. The waterflooding base case showed a recovery of 9.79% after injecting 0.10 PV of water for two months. A continuous urea injection showed a recovery of 12% after injecting the 0.11 PV of urea and water for two months. This recovery was contributed by oil swelling and viscosity reduction synergetic mechanisms only. After incorporating ammonia alkali and IFT reduction mechanism, the incremental recovery increased by 3.10% to 15.10% after injecting 0.13 PV of urea and water. 
2. I conducted sensitivities of injection rate, reservoir temperature, urea concentration, and shut-in/No shut-in. The determined rate is 2000 bbl/d injection rate, 248°F reservoir temperature, 25 wt.% urea concentration, and shut-in cycle included based on a limited number of trials on the above parameters. Additionally, it was also observed that the higher the reservoir temperature, the higher would be the urea reaction rate and incremental recovery, but non-thermal simulation cases showed convergence issues, and oil recovery could not establish. Also, the shut-in cycle showed improved recovery due to urea reaction continuation in the reservoir and lesser injection urea which can be economical. The cyclic scenarios were further optimized with objectives functions of lesser injection of urea and higher incremental oil recovery as compared to waterflooding base case. The results of waterflooding base case, continuous urea injection case and cyclic urea injection and optimum case are provided in Table 4-2. 
3. It was also observed from the results that in all cyclic injection cases, similar PV of water and urea injected more to be successful in incremental recovery. However, the main objective was to optimize incremental recovery based on the lesser mass of urea injection. The optimum case shows the incremental oil recovery of 3.48% compared to waterflooding with urea injection for five days only. In terms of incremental recovery in optimum cases, the contributions of synergetic mechanisms were 1.35% by oil swelling and viscosity reduction, and 2.13% by IFT reduction and wettability alteration. Figure 4-15 shows the concentration of CO2 in the reservoir during urea injection and shut-in duration. 
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[bookmark: _Toc71318280]Table 4-2 The results of waterflooding base case, continuous and cyclic urea injection, and optimum case of 3D sector model












[image: ][bookmark: _Toc71318245]Figure 4-18  CO2 concentration in oil after 5 days of urea injection and at the end of shut-in period



[bookmark: _Toc71208325]Chapter 5: Conclusions and Way Forward

Based on the study of the urea hydrolysis reaction, kinetics, equilibrium, different concentration, and mechanistic numerical model, validation of synergetic mechanism of ICE through history matching of laboratory experiments, and the upscaling of the1D mechanistic numerical model to 3D sector model, following conclusions were made:
5.1. [bookmark: _Toc71208326]Conclusions

· The synergetic mechanisms of ICE, 1) Oil swelling and viscosity reduction due to the generated CO2 partitioning into the oil phase, and 2) Wettability change due to ammonia alkali, were successfully modeled and the objectives of the study were achieved.
· Based on urea reaction kinetics behavior in numerical simulation models, the reaction rate is highly sensitive to reservoir temperature, activation energy, and pre-exponential factor, and pH of brine in the reservoir. Adding alkali such as NaOH can improve the reaction rate. 
· Gibbs free energy provided the minimum reservoir temperature for urea injection which is 70°C. Below this temperature, urea reaction will not be spontaneous and require catalysts such as sodium hydroxide to increase the reaction rate and make the urea reaction spontaneous. The reservoir temperature of 70°C should be one of the designing parameters for urea solution flooding. 
· In designing ICE, urea decomposition and CO2 generating rate are important factors to obtain a good EOR performance. If the reaction rate is slow, due to reservoir temperature or other factors, and injection rate must be slow or shut-in to give sufficient time for the reaction to generate sufficient CO2. For low-temperature reservoirs, adding catalysis or fine-tuning the injection scheme are important to avoid producing the urea at the offset production wells.
· According to the 1D mechanistic numerical model, the oil swelling is directly proportional to produced CO2 mole by urea reaction and urea reaction is highly dependent on reaction kinetics. Also, the recovery factor by oil swelling and viscosity reduction was less than the oil swelling factor due to uncertainty in urea reaction kinetics. Therefore, it is recommended to acquire experimental data on oil swelling and urea reaction kinetics for different oil compositions during the In-Situ CO2 experimental process. 
· Ammonia alkali mechanism, also known as in-situ surfactant generation, was also modeled, but due to lack of evidence in terms of interfacial tension and relative permeability, the estimated recovery factor has high uncertainty. 
· The ICE synergetic mechanisms of oil swelling, viscosity and IFT reduction, and wettability alteration were validated by history matching the three laboratory experiments and quantified the contributions of these mechanisms in terms of recovery factors. 
· For the simulated cases, the incremental recovery due to oil swelling and viscosity reduction ranged between 6.4% to 18% and incremental recovery due to IFT reduction and wettability alteration ranged between 24% to 38%. The viscosity reduction of dodecane, Earlsboro oil and DeepStar oil were 76%, 79%, and 91%, respectively. 
· Based on viscosity reduction in laboratory numerical mechanistic models, it was observed that viscosity reduction was higher in heavy oil compared to light oil; viscosity reduction in Test-1 was 76% whereas in Test-3 was 91%. 
· The relative permeability of oil and water and endpoints were the most uncertain parameters while history matching the ICE laboratory experiments. The produced CO2 moles increased by modifying the endpoint saturations and relative permeability to oil and water which may be due to more mobile oil in the porous media. However, this needs to be investigated further through laboratory experiments. 
· Measured oil saturation vs. pore volume injected was matched well but, in some cases, they were mismatched due to cyclic injection of urea and water and CO2 concentration dependency of relative permeability on different phases. However, the simulator does not accommodate the CO2 concentration dependency of relative permeability and therefore, it was modified manually. Therefore, it is also recommended to measure the relative permeability for ICE experiments in the laboratory to further understanding the flow behavior of different fluids in the porous media. 
· Molecular diffusion was not considered while history matching the laboratory experiments and validating ICE synergetic mechanisms.
· 1D mechanistic and laboratory numerical models were upscaled to a 3D sector model and the performance of ICE in terms of recovery on a field scale was evaluated. The optimum scenario was selected based on sensitivity analysis of injection rate, urea concentration, shut-in/No shut-in, and reservoir temperature. The optimum scenario was based on cyclic injection of urea, followed by shut-in (both injector and producer were shut-in) and brine injection. The urea injection slug, shut-in duration, brine injection slug was optimized based on incremental oil recovery and lesser injection of urea as compared to waterflooding base case. 
· For the modeled sector model, the simulated optimum recovery was obtained with 25 wt.% urea concentration, urea slug size of five days, shut-in duration of five days and brine injection for forty days. In this scenario, 0.12 PV of water and urea recovered 3.48% incremental oil compared to waterflooding which recovered 9.79% oil with 0.10 PV of water injection, and continuous 25 wt.% urea injection recovered 5.52% incremental oil as compared to waterflooding with 0.13 PV of water and urea injection. 
5.2. [bookmark: _Toc71208327]Way Forward

· Urea reaction kinetics with different catalysts at different temperatures should be studied to evaluate the potential of In-situ CO2 EOR for low-temperature reservoirs. 
· Relative permeability and oil swelling factor should be measured in the laboratory to reduce uncertainty in quantifying the recovery factors for different synergetic mechanisms of ICE. 
· A field trial must be set up to study the ICE recovery under reservoir heterogeneities.
· Urea injection scheme must be optimized for a field trial based on reservoir heterogeneities and economic evaluation of ICE for different oil reservoirs. 
· A huff ‘n’ puff (HNP) scenario must be considered while designing the ICE for a field trial.  
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	Component
	AVISC (cp)
	(kPa-day)
	(kPa-hr)
	BVISC (K,C)
	(F,R)

	H2O
	0.0047352
	5.48E-14
	1.32E-12
	1515.7
	2728.2

	H2S
	0.0084969
	9.83E-14
	2.36E-12
	789.3
	1420.7

	N2
	0.0110386
	1.28E-13
	3.07E-12
	207.92
	374.26

	O2
	0.0216926
	2.51E-13
	6.03E-12
	197.29
	355.11

	CO
	0.0119257
	1.38E-13
	3.31E-12
	216.58
	389.85

	CO2
	0.0007573
	8.76E-15
	2.10E-13
	1331.1
	2395.9

	CH4
	0.0104328
	1.21E-13
	2.90E-12
	262.82
	473.07

	C2H6
	0.0229832
	2.66E-13
	6.38E-12
	360.58
	649.05

	C3H8
	0.0214257
	2.48E-13
	5.95E-12
	512.72
	922.89

	C4H10
	0.0219066
	2.54E-13
	6.08E-12
	612.12
	1101.8

	C5H12
	0.0191041
	2.21E-13
	5.31E-12
	722.23
	1300

	C6H14
	0.0177073
	2.05E-13
	4.92E-12
	835.35
	1503.6

	C7H16
	0.0132383
	1.53E-13
	3.68E-12
	1005.6
	1810.1

	C8H18
	0.0131242
	1.52E-13
	3.65E-12
	1090.7
	1963.3

	C9H20
	0.0117124
	1.36E-13
	3.25E-12
	1210.1
	2178.3

	C10H22
	0.0115577
	1.34E-13
	3.21E-12
	1286.2
	2315.2

	C12H26
	0.0104376
	1.21E-13
	2.90E-12
	1454.4
	2617.9

	C15H32
	0.0095777
	1.11E-13
	2.66E-12
	1654.4
	2978

	C17H36
	0.0096344
	1.12E-13
	2.68E-12
	1745.1
	3141.1

	C18H38
	0.0095671
	1.11E-13
	2.66E-12
	1790
	3222.1

	C20H42
	0.0095545
	1.11E-13
	2.65E-12
	1868.1
	3362.5




2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	1.4367743731	1.4433789253	1.4501780272	1.4569450616999999	1.4638096093999999	1.4706380367	1.4774864912000001	1.4843714237000001	1.4913514853000001	1.4983259439000001	1.5053019524	1.5123033524	1.5193413495999999	1.5264199972000001	1.5335394144000001	1.5407003163999999	1.5479404926	1.5552277564999999	1.5625380278000001	1.5698736905999999	1.5772454738999999	1.5846635103	1.5921584367999999	1.5997215509	1.6073322296000001	1.6149828434	1.6226767302	1.6304206848	1.6382206678	1.6460800171000001	1.6540006399	1.6619824170999999	1.6700259447000001	1.6781305074999999	1.6862958669999999	1.6945214272	1.702806592	1.7111512422999999	1.7195544243000001	1.7280158996999999	1.7365490198	1.7451626062000001	1.753849268	1.7625916004	1.7713762522000001	1.7801972628	1.7890560627000001	1.7979568242999999	1.8069045544	1.8159024715000001	1.8249530791999999	1.8340574503	1.8432159424000001	1.8524286747000001	1.8616948127999999	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.81239509583000002	0.81431174277999996	0.81652009486999999	0.81879150866999995	0.82114952802999996	0.82354277371999995	0.82597970963	0.82846438884999996	0.83101278543000001	0.83359664679000001	0.83621138334	0.83884668350000002	0.84149938822000003	0.84422731399999995	0.84696006774999999	0.84971958399000003	0.85251760483000005	0.85534965992000001	0.85820645094000003	0.86108303070000003	0.86397933959999995	0.86689758300999997	0.86984372138999999	0.87282109260999996	0.87582689524000001	0.87885701656000004	0.88190895318999996	0.88498270511999999	0.88807952404000001	0.89120078086999999	0.89434766768999996	0.89752060175000004	0.90071994066000005	0.90394550561999998	0.90719717741000006	0.91047459841	0.91377758980000001	0.91710579395000003	0.92045891285000003	0.92383676767	0.92724001408000001	0.93067049980000005	0.93413048983000002	0.93761891126999997	0.94113266468000001	0.94466912745999998	0.94822549820000002	0.95180016755999997	0.95539253950000003	0.95900321007	0.96263337135000004	0.96628397703000002	0.96995574236000004	0.97364944220000005	0.97736531496000001	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.23434607685	0.23482777178	0.23533049226	0.23582573235000001	0.23632253706	0.23681658506	0.23731176555	0.23781056702	0.23831671475999999	0.23882666229999999	0.23934026061999999	0.23985631764000001	0.24037463963	0.24090449512000001	0.24143499135999999	0.24196963012	0.24251031876000001	0.24305641651000001	0.24360647798000001	0.24415975809000001	0.24471624196	0.24527630210000001	0.24584090710000001	0.24641051888000001	0.24698472023000001	0.24756285548000001	0.24814456701000001	0.24872983992	0.24931886791999999	0.24991187452999999	0.25050902367	0.25111037492999999	0.25171601772000002	0.25232589244999998	0.25293999909999998	0.25355827807999998	0.25418069959	0.25480723380999998	0.25543782115000002	0.25607246161000002	0.25671121477999997	0.25735446811000001	0.25800251960999998	0.25865527986999998	0.25931227207000002	0.25997310877000002	0.26063743233999997	0.26130503416	0.26197591424	0.26265025138999998	0.26332822441999998	0.26401013136000001	0.26469618082000002	0.26538661122000001	0.26669543981999999	14 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.26890844107	0.27359870075999998	0.27244487405000001	0.27215772866999999	0.27208390832000001	0.27207314968000001	0.27209338546	0.27212554216000001	0.27217027545	0.27222418785000002	0.27228456736000001	0.27235007286000001	0.27241805196000002	0.27249059080999999	0.27256721258	0.27264732122000002	0.27273097633999999	0.27282163501000001	0.27291366457999999	0.27300781012000003	0.27310228347999999	0.27320122719000001	0.27330338955	0.27340826392000001	0.27351588011	0.27362629771000002	0.27373948693	0.27385520935000002	0.27397340535999998	0.27409383655000003	0.27421760559000002	0.27434310316999999	0.27447029948000001	0.27459931374000002	0.27473032474999998	0.27486351131999998	0.27499687672000001	0.27513295412	0.27527171372999998	0.27541267872000003	0.27555567026	0.2757063508	0.27585631609	0.27600586414	0.27615612745000001	0.27630373836	0.27645504474999999	0.27660995721999998	0.27676746249	0.27692690491999999	0.27708795667000002	0.27725040912999999	0.27741426228999999	0.27757945656999999	0.27774941921000001	Length of core (cm)


Mixture Viscosity (cp)




Test-6 - Measured Data	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.9	26.5	25.5	24.2	24	23.8	23.8	23.75	23	23	23	23	23	22	22	Test-6 - Simulated Data_No-Rel-Perm Modification	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.9	28.899899999999999	28.899100000000001	28.9	28.88	28.84	28.77	28.76	28.68	28.64	28.53	28.53	27.54	26.2	25.62	Test-6 - Simulated Data_Rel-Perm Modification	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	27.16	26.99	26.72	26.47	26.1	25.72	25.68	25.68	25.47	25.32	24.94	24.94	21.78	21.75	21.75	OrgData - Simulated	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.9	28.9	28.9	28.9	28.899899999999999	28.899799999999999	28.8994	28.8993	28.899000000000001	28.898900000000001	28.898499999999999	28.898499999999999	28.8965	28.89	28.8873	Endpoint_Sat_1	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.81	28.795000000000002	28.77	28.75	28.69	28.59	28.47	28.45	28.32	28.28	28.19	28.19	28.08	27.78	27.58	Endpoint_Sat_2	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	27.04	26.73	26.35	25.89	25.02	24.285	23.744	23.65	23.2	23.074999999999999	22.77	22.77	22.47	22	21.87	94.26KJ/gmole and 1.69E09	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.9	28.9	28.9	28.9	28.9	28.899899999999999	28.899799999999999	28.899799999999999	28.899699999999999	28.899699999999999	28.8996	28.8996	28.898399999999999	28.895299999999999	28.8933	73.635KJ/gmole and 1.69E09	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	27.51	25.85	22.51	18.84	12.14	7.96	7.38	7.32	4.5	3.05	0.41299999999999998	0.41299999999999998	0	0	0	86KJ/gmole and 1.69E09	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.9	28.899899999999999	28.899699999999999	28.8993	28.896899999999999	28.89	28.876000000000001	28.87	28.859000000000002	28.85	28.83	28.83	27.77	26.07	25.69	80KJ/gmole and 1.69E09	0	0.9	1	1.2	1.45	2	2.8	3.8	4	5	5.3	6	10.988	11.588000000000001	12.988	13.988	28.9	28.898599999999998	28.897500000000001	28.893000000000001	28.88	28.59	26.25	25.09	25	24.39	23.75	21.75	21.75	1.69	0.88900000000000001	0.59599999999999997	PV Injected


Oil Saturation (%)




Oil-B Org-Krw	0.2	0.22500000000000001	0.25	0.27881299999999998	0.30762499999999998	0.33643800000000001	0.36525000000000002	0.394063	0.422875	0.45168799999999998	0.48049999999999998	0.50931300000000002	0.53812499999999996	0.56693800000000005	0.59575	0.62456299999999998	0.65337500000000004	0.68218800000000002	0.71099999999999997	0	0	0	4.8828100000000001E-5	3.9062500000000002E-4	1.31836E-3	3.1250000000000002E-3	6.1035200000000003E-3	1.05469E-2	1.6747999999999999E-2	2.5000000000000001E-2	3.5595700000000001E-2	4.8828099999999999E-2	6.4990199999999998E-2	8.4375000000000006E-2	0.107275	0.13398399999999999	0.164795	0.2	Oil-B Org-Krow	0.2	0.22500000000000001	0.25	0.27881299999999998	0.30762499999999998	0.33643800000000001	0.36525000000000002	0.394063	0.422875	0.45168799999999998	0.48049999999999998	0.50931300000000002	0.53812499999999996	0.56693800000000005	0.59575	0.62456299999999998	0.65337500000000004	0.68218800000000002	0.71099999999999997	1	0.90454599999999996	0.81387900000000002	0.71532399999999996	0.62312599999999996	0.53728799999999999	0.45780700000000002	0.384685	0.31792199999999998	0.257517	0.20347000000000001	0.155782	0.114452	7.9480400000000007E-2	5.0867500000000003E-2	2.86129E-2	1.27169E-2	3.17922E-3	0	Oil-B Mod-Krw	0.2	0.22500000000000001	0.25	0.28031299999999998	0.31062499999999998	0.34093800000000002	0.37125000000000002	0.40156199999999997	0.43187500000000001	0.46218700000000001	0.49249999999999999	0.52281299999999997	0.55312499999999998	0.58343800000000001	0.61375000000000002	0.64406200000000002	0.67437499999999995	0.70468699999999995	0.73499999999999999	0	0	0	3.9062500000000001E-5	1.5625E-4	3.5156299999999999E-4	6.2500000000000001E-4	9.7656299999999995E-4	1.4062499999999999E-3	1.91406E-3	2.5000000000000001E-3	3.1640599999999998E-3	3.90625E-3	4.7265600000000003E-3	5.6249999999999998E-3	6.6015600000000002E-3	7.6562499999999999E-3	8.7890599999999996E-3	0.01	Oil-B Mod-Krow	0.2	0.22500000000000001	0.25	0.28031299999999998	0.31062499999999998	0.34093800000000002	0.37125000000000002	0.40156199999999997	0.43187500000000001	0.46218700000000001	0.49249999999999999	0.52281299999999997	0.55312499999999998	0.58343800000000001	0.61375000000000002	0.64406200000000002	0.67437499999999995	0.70468699999999995	0.73499999999999999	1	0.90872600000000003	0.82181800000000005	0.72230099999999997	0.62920500000000001	0.54252900000000004	0.46227299999999999	0.38843800000000001	0.321023	0.26002900000000001	0.205455	0.157301	0.115568	8.0255699999999999E-2	5.1363699999999998E-2	2.88921E-2	1.2840900000000001E-2	3.2102300000000001E-3	0	Sw (frac)


Krow, Krw (frac)




Thermal	1971-75	1976-80	1981-85	1986-90	1991-95	1996-00	2001-05	2006-10	2011-15	2017	93	121.66666669999999	137.5	160	120	103.33333330000001	97	96.333333330000002	95	120	CO2-EOR	1971-75	1976-80	1981-85	1986-90	1991-95	1996-00	2001-05	2006-10	2011-15	2017	0.5	8.6666666669999994	60	93.333333330000002	80	81.666666669999998	77.5	115.66666669999999	143	166	Chemical	1971-75	1976-80	1981-85	1986-90	1991-95	1996-00	2001-05	2006-10	2011-15	2017	10	35	110	110	45	31	27.5	23.333333329999999	26.5	35	Other gas injection	1971-75	1976-80	1981-85	1986-90	1991-95	1996-00	2001-05	2006-10	2011-15	2017	0	0	0	0	0	14.33333333	52	43.666666669999998	43.5	45	Other	1971-75	1976-80	1981-85	1986-90	1991-95	1996-00	2001-05	2006-10	2011-15	2017	0	0	0	0	0	7	22	22.333333329999999	21	8	



Kieke et al	y = -10168x + 21.679
R² = 0.9948

1.74442E-3	1.82457E-3	1.8747900000000001E-3	1.9114800000000001E-3	2.0070800000000001E-3	2.1142699999999997E-3	4.0700734622221004	3.0540145622221009	2.5138345622221006	2.1774445622221008	1.3718345622221007	0.18957456222210065	Sahu et al	y = -7326.2x + 12.953
R² = 0.9925

2.25728E-3	2.30927E-3	2.3636999999999998E-3	2.4206800000000001E-3	-3.5996899999999998	-3.9751400000000001	-4.29922	-4.82	Wang et al (Urea+1% NaOH)	y = -10445x + 19.611
R² = 0.9998

2.9141774734081308E-3	2.831657935721365E-3	2.7536830510808208E-3	-10.832801273054844	-9.9519176562408802	-9.156833526731031	Wang et al (Urea only)	y = -11337x + 21.248
R² = 0.9918

2.831657935721365E-3	2.7536830510808208E-3	2.6798874447273215E-3	2.6099438862064468E-3	2.5435584382551188E-3	-10.789872149216313	-10.105259096218273	-9.0078794719123714	-8.4573491218347048	-7.5294539300843697	1/T (1/K)


Ln(k)




3101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.038149898717083	1.0700863028953229	1.1034161044926081	1.1382986599540978	1.1386358586980669	6101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0460606885290515	1.0789473684210527	1.1134849362688295	1.1497046287295298	1.1877172653534183	12101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0598331839801474	1.0943839419175743	1.130847308031774	1.1694683197687685	1.2102487405541562	CO2 mole fraction


C8 swelling factor




T=25C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.51005826706169966	0.41569455324490912	0.3387886693670264	0.27611081645291191	0.22502872691914658	0.18339711782891219	0.14946759593070474	0.12181523078320966	9.9278712274506423E-2	8.0911579344499898E-2	6.5942471674286726E-2	T=50C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.38422873526310802	0.31119506022630888	0.25204352673659702	0.20413543622326155	0.16533365034846001	0.1339072551208135	0.10845434632453001	8.7839491789066235E-2	7.1143080745453627E-2	5.7620300788035123E-2	4.6667912439479389E-2	T=120C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.21056111012996503	0.16829207947514946	0.13450833345525509	0.10750649599990053	8.5925134787439295E-2	6.867611784358077E-2	5.4889749940256673E-2	4.3870922572620694E-2	3.5064066596545325E-2	2.8025140439017701E-2	2.2399241527337476E-2	CO2 mole fraction


Mixture viscosity (cp)




Ea=74 KJ/gmole 	&	 A=1.69E09	2.2067747986317999E-3	2.3632281696797826E-3	2.5435584382551188E-3	2.6798874447273215E-3	2.831657935721365E-3	3.0016509079993999E-3	3.1933578157432542E-3	3.4112229234180458E-3	1.7030533971072546	0.31737874494318796	-1.2797685744721645	-2.4872059557051034	-3.8314053226362397	-5.3369973795786159	-7.0349052030153061	-8.9644907100183211	Ea=80 KJ/gmole 	&	 A=1.69E09	2.2067747986317999E-3	2.3632281696797826E-3	2.5435584382551188E-3	2.6798874447273215E-3	2.831657935721365E-3	3.0016509079993999E-3	3.1933578157432542E-3	3.4112229234180458E-3	1.3692719195806231E-2	-1.4917522752519472	-3.2269485088370931	-4.5387503512446266	-5.9991351575380421	-7.6348625790250253	-9.4795285183452513	-11.575897127195784	Ea=86 KJ/gmole 	&	 A=1.69E09	2.2067747986317999E-3	2.3632281696797826E-3	2.5435584382551188E-3	2.6798874447273215E-3	2.831657935721365E-3	3.0016509079993999E-3	3.1933578157432542E-3	3.4112229234180458E-3	-1.5788799043056121	-3.197233273336948	-5.0625692244409812	-6.472756205029075	-8.042669871794498	-9.8010768498930076	-11.784092734662249	-14.037688989176569	Ea=90 KJ/gmole 	&	 A=1.69E09	2.2067747986317999E-3	2.3632281696797826E-3	2.5435584382551188E-3	2.6798874447273215E-3	2.831657935721365E-3	3.0016509079993999E-3	3.1933578157432542E-3	3.4112229234180458E-3	-2.6405949866398934	-4.3342206053936181	-6.2863163681769088	-7.7620934408853799	-9.4050263479654745	-11.245219697138335	-13.320468878873587	-15.678883563830428	Ea=94 KJ/gmole 	&	 A=1.69E09	2.2067747986317999E-3	2.3632281696797826E-3	2.5435584382551188E-3	2.6798874447273215E-3	2.831657935721365E-3	3.0016509079993999E-3	3.1933578157432542E-3	3.4112229234180458E-3	-3.7713215493259007	-5.5451121140339694	-7.5896070762556676	-9.1352375970723401	-10.85593599508756	-12.783231829454596	-14.956709472458652	-17.426755785836793	1/Temp (1/K)


Ln(k)




Free Energy (kJ/mol)	298.14999999999998	323.14999999999998	336.09999999999997	348.15	373.15	398.15	423.15	448.15	473.15	13.466194999999914	4.5986949999999212	5.3299999999154579E-3	-4.2688050000000857	-13.136305000000078	-22.003805000000085	-30.871305000000092	-39.738805000000099	-48.606305000000077	Free Energy (kJ/mol)	298.14999999999998	323.14999999999998	336.09999999999997	348.15	373.15	398.15	423.15	448.15	473.15	13.466194999999914	4.5986949999999212	5.3299999999154579E-3	-4.2688050000000857	-13.136305000000078	-22.003805000000085	-30.871305000000092	-39.738805000000099	-48.606305000000077	Free Energy (kJ/mol)	298.14999999999998	323.14999999999998	336.09999999999997	348.15	373.15	398.15	423.15	448.15	473.15	13.466194999999914	4.5986949999999212	5.3299999999154579E-3	-4.2688050000000857	-13.136305000000078	-22.003805000000085	-30.871305000000092	-39.738805000000099	-48.606305000000077	Temperature (K)

Free Energy (kJ/mol)



T=25C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.51005826706169966	0.41569455324490912	0.3387886693670264	0.27611081645291191	0.22502872691914658	0.18339711782891219	0.14946759593070474	0.12181523078320966	9.9278712274506423E-2	8.0911579344499898E-2	6.5942471674286726E-2	T=50C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.38422873526310802	0.31119506022630888	0.25204352673659702	0.20413543622326155	0.16533365034846001	0.1339072551208135	0.10845434632453001	8.7839491789066235E-2	7.1143080745453627E-2	5.7620300788035123E-2	4.6667912439479389E-2	T=120C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.21056111012996503	0.16829207947514946	0.13450833345525509	0.10750649599990053	8.5925134787439295E-2	6.867611784358077E-2	5.4889749940256673E-2	4.3870922572620694E-2	3.5064066596545325E-2	2.8025140439017701E-2	2.2399241527337476E-2	CO2 mole fraction


(CO2+C8) mixture viscosity (cp)




3101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.038149898717083	1.0700863028953229	1.1034161044926081	1.1382986599540978	1.1386358586980669	6101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0460606885290515	1.0789473684210527	1.1134849362688295	1.1497046287295298	1.1877172653534183	12101 kPa and 88 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0598331839801474	1.0943839419175743	1.130847308031774	1.1694683197687685	1.2102487405541562	CO2 mole fraction


C8 swelling factor




Urea and Dodecane	0	1	2	5	10	20	30	50	41	40	39	35	34	32	Urea and Middle Eastern Oil	0	2	5	10	20	30	21	15	14.5	14	15.5	15.5	Urea concentration (%)


IFT (mN/m)




Oil Mole Frac	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	2.7E-2	6.5000000000000002E-2	8.5999999999999993E-2	9.1499999999999998E-2	7.5499999999999998E-2	7.0000000000000007E-2	6.4000000000000001E-2	5.8000000000000003E-2	5.6000000000000001E-2	0.05	4.9500000000000002E-2	4.3999999999999997E-2	3.7999999999999999E-2	3.1E-2	3.15E-2	0.03	2.0500000000000001E-2	1.9E-2	1.95E-2	1.7000000000000001E-2	1.2999999999999999E-2	1.2E-2	8.9999999999999993E-3	7.4999999999999997E-3	7.0000000000000001E-3	6.0000000000000001E-3	Carbon number


Component mole fraction




Oil Mole Frac	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	4.4999999999999998E-2	7.9000000000000001E-2	0.105	0.11	8.3000000000000004E-2	7.3999999999999996E-2	7.1999999999999995E-2	5.8999999999999997E-2	5.0999999999999997E-2	4.5999999999999999E-2	4.2000000000000003E-2	3.4000000000000002E-2	3.1E-2	2.4E-2	2.5499999999999998E-2	2.0500000000000001E-2	1.7500000000000002E-2	1.4999999999999999E-2	1.2E-2	1.0999999999999999E-2	8.9999999999999993E-3	8.0000000000000002E-3	6.0000000000000001E-3	5.0000000000000001E-3	4.0000000000000001E-3	2E-3	Carbon number


Component mole fraction




T=25C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.3400312693605432	0.99156219806925028	0.73371093281211264	0.54291272294995596	0.40173072467548443	0.29726246655517424	0.21996070650022292	0.16276091954951541	0.12043567850868381	8.911692498415992E-2	6.5942471674286726E-2	T=50C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.92027417036575521	0.68301044760523433	0.50691770622280397	0.37622493445475047	0.27922717941769487	0.20723724183395126	0.15380764326920676	0.11415318462394203	8.4722379738827056E-2	6.2879381352840158E-2	4.6667912439479389E-2	T=120C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.4144032805736606	0.30953103335225995	0.23119860555999541	0.17268961575188727	0.12898738431532533	9.6344793171662502E-2	7.1963000262092805E-2	5.3751461145335147E-2	4.0148681471531104E-2	2.9988331285434416E-2	2.2399241527337476E-2	CO2 mole fraction


(CO2+C12) mixture viscosity (cp)




T=25C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	4.5997729063776038	3.008702686987724	1.9679866904159802	1.2872563415469982	0.84199191840200416	0.55074530827502888	0.36024145595437657	0.23563324941358033	0.15412725912431999	0.10081434629575753	6.5942471674286726E-2	T=50C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2.850758952965454	1.8895843557191927	1.2524836705904348	0.83019069265030065	0.55027989773174568	0.36474507426839053	0.24176599899694781	0.16025109698392331	0.10622012272650042	7.0406472619433752E-2	4.6667912439479389E-2	T=125C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.97330243663392546	0.66465827241599862	0.45388833158462205	0.30995569618026325	0.21166557258518112	0.14454425316241518	9.8707791102269724E-2	6.7406540288678721E-2	4.6031236470297103E-2	3.1434260264805315E-2	2.1466134611289971E-2	CO2 mole fraction


(CO2+Earlsboro oil) mixture viscosity (cp)




T=25C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	22.000131462735776	12.305500163488665	6.8829286102270135	3.8498805919361025	2.1533828710853697	1.2044679513428482	0.67370418205324545	0.37682806288868842	0.21077409457021665	0.11789387075191798	6.5942471674286726E-2	T=50C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	11.720105301452358	6.7443515486635137	3.8810468542738481	2.2333540261633869	1.2851868048661965	0.73956260586217903	0.42558237130873844	0.24490199116763012	0.14092920506418172	8.1097914905999074E-2	4.6667912439479389E-2	T=133C	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2.5262072668376341	1.5681856192478605	0.97347757988769001	0.60430256910436009	0.37513097637878901	0.23286885847179217	0.14455725775948419	8.9736347350511933E-2	5.5705345830575584E-2	3.4580029672740258E-2	2.1466134611289971E-2	CO2 mole fraction


(CO2+DeepStar oil) mixture viscosity (cp)




3101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0428020856948539	1.0820003763643207	1.1238760750586396	1.1349684168969603	1.1349684168969603	6101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0490330231709541	1.0889678030303029	1.1318405511811025	1.1778050903876685	1.227136911749013	12101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	1	1.0599594432666606	1.1012737023558705	1.1457108697818073	1.1935751725569568	1.2452758676701501	CO2 mole fraction


C12 swelling factor




3101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.0428335301062575	1.0818676204007642	1.1236515367392632	1.1684216096089741	1.192847882454624	1.192847882454624	6101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.0491756544875754	1.0890171129851556	1.1317138171381713	1.1775810580204777	1.2275961752279296	1.2799675399953627	12101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.0604110641567421	1.1015114480969721	1.1457479375291857	1.1934925953950923	1.2450383400992333	1.3007775683317624	CO2 mole fraction


Earlsboro oil swelling factor




NaOH ME oil	0	0.01	0.02	0.1	0.2	0.3	21.539402985074624	3.4340000000000002	3.1930000000000001	2.5711666666666679	2.2713461538461539	1.7379545454545444	NaOH Earlsboro	0	0.01	0.02	0.1	0.2	0.3	18.347000000000001	1.2668989547038345	0.76917647058823546	0.39938271604938275	0.626616915422885	1.47633879781421	NaOH earlsboro	0.01	0.02	0.1	0.2	0.3	1.2668989547038345	0.76917647058823546	0.39938271604938275	0.626616915422885	1.47633879781421	NaOH Concentration, %

IFT, mN/m



3101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.0435855263157894	1.0844690325192281	1.128475147430497	1.1758595464520847	1.2008068130883012	1.2008068130883012	6101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.049171054349245	1.0907486993892783	1.1355437291009278	1.1838849062162426	1.2362079573420837	1.2928843369617675	12101 kPa and 120 C	0	0.05	0.1	0.15	0.2	0.25	0.3	1	1.0591258510871953	1.1018141936663164	1.1479788601628338	1.1979430615590996	1.2521942352635678	1.3113069016152716	CO2 mole fraction


DeepStar oil swelling factor




2 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	4.3624293059000001E-2	4.3531518429999999E-2	4.3445557356000003E-2	4.3353665620000002E-2	4.3251689523E-2	4.3160438538000001E-2	4.3067257850999997E-2	4.2972963303000003E-2	4.2877990752000002E-2	4.2772367596999997E-2	4.2679853736999999E-2	4.2586963624000003E-2	4.2493209242999999E-2	4.2398851364999997E-2	4.2303998023E-2	4.2209003120999997E-2	4.2113762349000002E-2	4.2018376290999998E-2	4.1922900825999997E-2	4.1827358304999999E-2	4.1720062494000003E-2	4.1625268756999997E-2	4.1531722993000002E-2	4.1437853128000003E-2	4.1343621910000003E-2	4.1249096393999998E-2	4.1154332459E-2	4.1059371083999999E-2	4.0963798761000002E-2	4.0872897952999997E-2	4.0771000086999999E-2	4.0677610784999998E-2	4.0582560003E-2	4.0486983955E-2	4.0391281246999998E-2	4.0295496583000003E-2	4.0199644864000003E-2	4.0103722363999998E-2	4.0007725357999999E-2	3.9911661297000002E-2	3.9815519005000001E-2	3.9711207151000003E-2	3.9729718119000001E-2	3.9453774690999997E-2	3.9409153162999998E-2	3.9320949464999998E-2	3.9225600659999998E-2	3.9130102843000003E-2	3.9034489541999999E-2	3.8938663900000003E-2	3.8842633367000001E-2	3.8746401668000002E-2	3.8649987428999999E-2	3.8553394376999998E-2	3.8456633687000003E-2	3.8359716534999998E-2	3.8262646645000002E-2	3.8165431469999997E-2	3.8068082183999999E-2	3.7970598787000001E-2	3.7872992456000003E-2	3.7724256515999997E-2	3.7886787206E-2	3.7343408911999998E-2	3.7393033504000001E-2	3.7366405128999997E-2	3.7282653153E-2	3.7186380476000001E-2	3.7088211625999998E-2	3.6989744753000001E-2	3.6891169846000001E-2	3.6792505533000001E-2	3.6693755537000002E-2	3.6531992256999997E-2	3.6478128284000003E-2	3.6389194429000002E-2	3.6296062171000003E-2	3.6198962479999999E-2	3.6100283264999998E-2	3.6001205443999998E-2	3.5902008414E-2	3.5802736878000001E-2	3.5703398286999997E-2	3.5603996366E-2	3.5504344851E-2	3.5302232950999997E-2	3.5186752676999999E-2	3.5165607929000003E-2	3.5098310559999998E-2	3.5006064922000001E-2	3.4907676280000001E-2	3.4808173775999998E-2	3.4708473831000002E-2	3.4599632025E-2	3.4496575593999997E-2	3.4396603703000003E-2	3.4297313540999998E-2	3.4196406603000003E-2	3.4066896886000002E-2	3.3962577580999999E-2	6 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.11927142739	0.1191996038	0.11911355704	0.1190226227	0.11892352253000001	0.11883187294	0.11873965710000001	0.11864648759	0.11855268478	0.11845154315	0.11835738271	0.11826492846	0.11817214638	0.11807883531	0.11798506975	0.11789107323	0.11779686064	0.11770249158	0.11760799587	0.11751342565	0.11741294712	0.11731544882	0.11722096801	0.11712747812	0.11703401059	0.11694031954	0.11684639007	0.11675225198	0.11665776372	0.11656486243	0.11646907777	0.11637367308	0.11627898365	0.11618432402999999	0.11608946323	0.11599443852999999	0.11589930207	0.11580406874	0.11570876092	0.11561337113	0.11551789939	0.11542005092	0.11535350233	0.11524350195999999	0.1151266098	0.11502387375000001	0.11492908746	0.11483550072	0.11474121362	0.11464626342000001	0.11455091834	0.11445531993999999	0.11435951293	0.11426351964000001	0.114167355	0.11407102644	0.11397453398	0.11387789248999999	0.113781102	0.11368416995	0.11358710378	0.11348132789	0.11341315507999999	0.11330161989	0.1131625399	0.11304573715000001	0.11295643448999999	0.11287619919	0.11279233545	0.11270224303	0.11260771006	0.11251086741999999	0.11241299658999999	0.11230685562000001	0.11219926924	0.11209788173	0.11200251429999999	0.11190927773999999	0.11181522905999999	0.11171942948999999	0.11162211746	0.1115238294	0.11142499744999999	0.11132588238	0.11122658103999999	0.11111764609999999	0.11099649221000001	0.11087821423999999	0.11077530682	0.1106859073	0.11060103029	0.1105138734	0.11042225361000001	0.11032614857	0.1102264896	0.11012489349	0.11002289504	0.10992124676999999	0.10981804878	0.10971208662	14 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.24524912237999999	0.24524496496000001	0.24516320228999999	0.24507577717000001	0.24498289824	0.24489326775	0.24480424820999999	0.24471479654	0.24462486804	0.24453154206	0.24443943799000001	0.24434912205000001	0.24425949156000001	0.24416983128	0.24407988787000001	0.24398970604	0.2438993156	0.24380877613999999	0.24371810257000001	0.24362733959999999	0.24353520572000001	0.24344214796999999	0.24334947765000001	0.2432577759	0.24316690862000001	0.24307644367	0.24298606813000001	0.24289561807999999	0.24280503392	0.24271447957	0.242623806	0.24253280461000001	0.24244156480000001	0.24235025048	0.24225895107000001	0.24216763675	0.24207626283	0.24198481441	0.24189329146999999	0.24180166422999999	0.24170996249000001	0.24161805212000001	0.24152749776999999	0.24143847823	0.24134840070999999	0.24125520885000001	0.24115937947999999	0.24106292427000001	0.24096745252999999	0.2408734411	0.24078060687	0.24068841337999999	0.24059642850999999	0.24050442874	0.24041229485999999	0.24031999707000001	0.24022753536999999	0.24013492465	0.24004216492	0.23994927108	0.23985625802999999	0.23976294696	0.23966963589000001	0.23957678675999999	0.23948387802000001	0.23938910662999999	0.23929122089999999	0.23919098079000001	0.23909068108000001	0.23899263143999999	0.23889781534999999	0.23880578578	0.23871532082999999	0.23862504959	0.23853391408999999	0.23844121397000001	0.23834681511	0.23825113475000001	0.23815493286	0.23805898428	0.23796376586000001	0.23786930740000001	0.23777543007999999	0.23768174648000001	0.23758797347999999	0.23749385774000001	0.23739911616000001	0.23730325698999999	0.23720577359	0.23710642755	0.23700565100000001	0.23690448701	0.23680421709999999	0.23670588434000001	0.23660983145	0.23651576042	0.23642289639	0.23633034526999999	0.23623739183	0.23614357412	1 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	2.2184193134E-2	2.2088237106999999E-2	2.2002017124999999E-2	2.1909577772000002E-2	2.1806607023E-2	2.1715031937000001E-2	2.1621292457000001E-2	2.1526418626E-2	2.1430855616999998E-2	2.1323967725E-2	2.1231377496999999E-2	2.1138006821000001E-2	2.1043736487999998E-2	2.0948853343999999E-2	2.0853471011000001E-2	2.0757963880999999E-2	2.0662201567999999E-2	2.0566307007999999E-2	2.0470328629000001E-2	2.0374294370000001E-2	2.0265325904000001E-2	2.0170921460000001E-2	2.0077051594999999E-2	1.9982770085E-2	1.9888121634999999E-2	1.9793177023999999E-2	1.9697997719E-2	1.9602624698999999E-2	1.9506586716000002E-2	1.9415900111000001E-2	1.9312297924999999E-2	1.9219486043E-2	1.9123880193000001E-2	1.9027886912000001E-2	1.8931806087E-2	1.8835658208000001E-2	1.8739445135000001E-2	1.8643166869999998E-2	1.8546825275000001E-2	1.8450418486999999E-2	1.8353944644E-2	1.8247904256000001E-2	1.8287492916E-2	1.7961945385000001E-2	1.7954664305E-2	1.7858101054999999E-2	1.7761891708000001E-2	1.7666203900999999E-2	1.757035777E-2	1.7474297433999999E-2	1.7378034069999999E-2	1.7281584442000002E-2	1.7184955998999999E-2	1.7088163643999999E-2	1.6991218552E-2	1.6894128174E-2	1.6796903685E-2	1.6699550673E-2	1.6602080315E-2	1.6504500060999999E-2	1.6406813635999998E-2	1.6245547682000001E-2	1.6484176739999998E-2	1.5767877921000002E-2	1.5964269638E-2	1.5912426636E-2	1.5818541870000001E-2	1.5720682218999998E-2	1.5622476115999999E-2	1.5524200163999999E-2	1.5425876714E-2	1.5327512287E-2	1.5229112469E-2	1.5049516222999999E-2	1.5026823618E-2	1.4927024022E-2	1.4834654516999999E-2	1.4737289399E-2	1.4639026485E-2	1.454067044E-2	1.4442310668999999E-2	1.4343959279E-2	1.4245622790999999E-2	1.4147306792E-2	1.4048761688000001E-2	1.3813478872000001E-2	1.3728226535000001E-2	1.3737232424E-2	1.3655440882E-2	1.3559243642E-2	1.3461573980999999E-2	1.3363830744999999E-2	1.3266145252000001E-2	1.3156121597E-2	1.3057539240000001E-2	1.2960776687000001E-2	1.2864199466999999E-2	1.2765394524000001E-2	1.2627664021999999E-2	1.2536397204E-2	3 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	6.4256787300000007E-2	6.4168468118000005E-2	6.4082816242999996E-2	6.3991546630999999E-2	6.3890665769999994E-2	6.3799731432999995E-2	6.3707187772000004E-2	6.3613556325000001E-2	6.3519261777E-2	6.3415102661000006E-2	6.3322588801000002E-2	6.3230253755999999E-2	6.3137121498999998E-2	6.3043393195000005E-2	6.2949180603000005E-2	6.2854811548999995E-2	6.2760196626000006E-2	6.2665432692000006E-2	6.2570571899000005E-2	6.2475644051999998E-2	6.2370408326E-2	6.2275122851000002E-2	6.2181904911999999E-2	6.2088575213999998E-2	6.1994906515000003E-2	6.1900943517999997E-2	6.1806738377000001E-2	6.1712335795000003E-2	6.1617385596000003E-2	6.1526294798000002E-2	6.1426497996000001E-2	6.1332579701999998E-2	6.1238173394999998E-2	6.1143200845000002E-2	6.1048042029000001E-2	6.0952786356000002E-2	6.0857459902999997E-2	6.0762055218000002E-2	6.0666579753000001E-2	6.0571026057000002E-2	6.0475397855000002E-2	6.0373216867E-2	6.0367684811000001E-2	6.0146506875999997E-2	6.0065940021999997E-2	5.9981558471999999E-2	5.9888422488999997E-2	5.9793576597999998E-2	5.9698432683999998E-2	5.9603083878999999E-2	5.9507530183E-2	5.9411775320999997E-2	5.9315837920000003E-2	5.9219721704999999E-2	5.9123434125999998E-2	5.9026990086E-2	5.8930389583000002E-2	5.8833643794000003E-2	5.8736760169E-2	5.8639742433999997E-2	5.8542598038999999E-2	5.8407574891999998E-2	5.8492399751999997E-2	5.8116719126999998E-2	5.8047484607000002E-2	5.8018434793E-2	5.7948529720000003E-2	5.7857740669999998E-2	5.7761155069000002E-2	5.7663321495000003E-2	5.7565204799E-2	5.7466968893999999E-2	5.7368643582000001E-2	5.7225614786000002E-2	5.7145506143999998E-2	5.7061333208999997E-2	5.6970417500000002E-2	5.6874986737999997E-2	5.6777305900999997E-2	5.6678801775000003E-2	5.6580025702999998E-2	5.6481141596999997E-2	5.6382175535000002E-2	5.6283142417999997E-2	5.6183915585000001E-2	5.6014899164000001E-2	5.5881138891E-2	5.5826496332999999E-2	5.5765897036000003E-2	5.5682655423999999E-2	5.5588006973000002E-2	5.5489730090000002E-2	5.5390533059999997E-2	5.5285092442999999E-2	5.5181246251000002E-2	5.5080354214000003E-2	5.4980866610999997E-2	5.4880682378999998E-2	5.4761506617000001E-2	5.4651588202000001E-2	12 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.21607506274999999	0.21605208515999999	0.21596854925	0.21587991713999999	0.21578527987000001	0.21569469571	0.21560458838999999	0.21551391482000001	0.21542270482	0.21532738208999999	0.21523416041999999	0.21514293550999999	0.21505223214999999	0.21496137976999999	0.21487016976000001	0.21477872133000001	0.21468704939	0.21459522843000001	0.21450327337	0.2144112289	0.21431721746999999	0.21422244607999999	0.21412861347000001	0.21403603256000001	0.2139442265	0.21385270357	0.21376115084	0.21366946399	0.21357758343	0.21348588168999999	0.21339391172	0.21330149472000001	0.2132088989	0.21311631799	0.21302378178	0.21293123066	0.21283859015000001	0.21274584531999999	0.21265301108000001	0.21256007254000001	0.21246707439000001	0.21237370372	0.21228343248000001	0.21219445765	0.21210174263000001	0.21200427413	0.21190509199999999	0.21180716157000001	0.21171140670999999	0.21161732078000001	0.21152405441	0.21143099666000001	0.21133784950000001	0.21124453842999999	0.21115101874	0.21105732024000001	0.21096347271999999	0.21086946130000001	0.21077530085999999	0.21068100631	0.21058657765	0.21049159765	0.21039716898999999	0.21030390263000001	0.21020914614	0.21010975539999999	0.21000613271999999	0.20990212261999999	0.20980159938000001	0.20970593393	0.20961402357	0.20952372253000001	0.20943322778000001	0.20934134722	0.20924732089	0.20915101469	0.20905309916000001	0.20895475149000001	0.20885710418	0.20876067877000001	0.20866537094000001	0.20857068896	0.20847609639	0.20838119090000001	0.20828579366	0.20818972588000001	0.20809243619000001	0.20799301565	0.2078910172	0.20778709649999999	0.20768307149000001	0.20758092403	0.20748192071999999	0.20738610625000001	0.20729252696	0.20719985664000001	0.20710684359000001	0.20701272786	0.20691719651000001	0.20682030915999999	Length of Core (cm)


CO2 moles in Oil (mole frac)




Oil Swelling + Viscosity Reduction	0	2.460629942749344E-10	8.201908094078083E-10	2.1597397244914698E-9	5.2850299231463253E-9	1.2576182148950131E-8	2.9584600735728346E-8	6.925567730807086E-8	1.6176726916010497E-7	3.7743451991469817E-7	8.7997267683727039E-7	2.0502197781332021E-6	4.7741113529363511E-6	1.111717029281496E-5	2.5904481131069553E-5	6.0368262256397638E-5	1.4056838829560366E-4	3.265556720472441E-4	7.5456569291338575E-4	1.7241349020669292E-3	3.860445126066273E-3	8.4061016699475063E-3	1.7906898471128609E-2	3.7207869504593177E-2	7.5596445814468505E-2	0.14764960278051181	0.29526377130905512	0.44291339365157484	0.59056297687828074	0.73817716496063002	0.88582678731955389	1.0334764096128608	1.1810905195209973	1.3287402200623357	1.4763896859416008	1.6240039522637795	1.7716535745570867	1.9193031969324146	2.0669173067585302	2.2145669291338583	2.3622165515091864	2.5098306613353021	2.6574804401246714	2.804818115813648	2.9520584842519684	3.0993345215715227	3.2466105588910761	3.3938512401574803	3.5411272774770342	3.6884036277066929	3.8356446218832025	3.982920659202756	4.1301970093503941	4.2774380035269024	4.4247140408464567	4.571990391076115	4.7192313852526251	4.8665077354822834	5.0137840857119418	5.1610250798064303	5.3083014300360896	5.4555777802657479	5.6028190872703414	5.7500954374999997	5.897371787729659	6.0446124689960623	6.1918894449639108	6.3391657951935692	6.4864064764599734	6.6336834524278219	6.7809598026574802	6.9282011097440943	7.0754774598917329	7.2227538101213913	7.3699951172080045	7.5172714673556431	7.6645478175853015	7.8117891246719156	7.9590661006397641	8.1063424508694233	8.2535837582020992	8.4008601082677163	8.5481364583333335	8.6953777657480309	8.8426547416338579	8.989931091699475	9.1371723982939628	9.2844493741797898	9.4317257250656166	9.5789670316601043	9.7262433817257214	9.8735203584317581	10.020761039206036	10.168038640912073	10.31531436515748	10.462556298392389	10.609833274278214	10.757109624343832	10.904350931758531	11.051627281824148	11.198904883530185	11.34614619094488	11.493422541010498	11.640698891076115	11.787940197670604	11.935216548556429	12.082494150262466	12.229735456856954	12.377011806922571	12.5242881578084	12.671529464402887	12.818807066108924	12.96608341617454	13.113324723589239	13.260601073654856	13.407878675360893	13.55511998277559	13.702396332841207	13.849672682906824	13.996915241141732	14.144191592027559	0	1.0951474264E-16	8.3806043311999998E-16	4.3901306845000003E-15	1.9485149307000001E-14	7.9122716407999994E-14	3.05349577E-13	1.1433458347000001E-12	4.2025835936000003E-12	1.5257765536999999E-11	5.4433332841E-11	1.8396920098E-10	5.5815413402000004E-10	1.5047983970000001E-9	3.7493177451999997E-9	8.9884588660999993E-9	2.1177976706000001E-8	4.9426979842000003E-8	1.143211108E-7	2.6059959168E-7	5.7809432973999995E-7	1.2203088317999999E-6	2.3142627014999999E-6	2.6615971365E-6	2.6615971365E-6	2.6615971365E-6	2.6615971365E-6	2.6615971365E-6	2.6615971365E-6	2.2686833981000001E-3	5.3786826320000002E-3	8.1037236378000005E-3	1.065354608E-2	1.3130413368000001E-2	1.5572248958000001E-2	1.7995741217999999E-2	2.0411036909000001E-2	2.2822232917000002E-2	2.5231020525000002E-2	2.7639567851999999E-2	3.0047710985E-2	3.2455023377999999E-2	3.4862712025999998E-2	3.8299769163E-2	4.2840100824999998E-2	4.8237271606999997E-2	5.4202649742000002E-2	6.0489945114E-2	6.6936850547999999E-2	7.3448993266000004E-2	7.9980120062999996E-2	8.6514554918000003E-2	9.3043707311000007E-2	9.9563635885999993E-2	0.10607676953	0.11258134991	0.11907580495	0.12556326389	0.13204218446999999	0.13851104677000001	0.14497299491999999	0.15142647921999999	0.15787000953999999	0.16430668533000001	0.17073501647	0.17715345323000001	0.18356512487000001	0.18996849656000001	0.19636167586	0.20274789631000001	0.20912577212	0.21549388765999999	0.22185541688999999	0.22820885479	0.23455274105000001	0.24089016020000001	0.24721956252999999	0.25353947282	0.25985300541	0.26615858077999999	0.27245476841999999	0.27874460816000002	0.28502658009999998	0.29129922390000001	0.29756554960999998	0.30382409692000001	0.31007340550000001	0.31631642580000002	0.32255172728999998	0.32877781986999999	0.33499771357000002	0.34120994805999999	0.34741306305000003	0.35361000896	0.35979932546999999	0.36597958206999998	0.37215375899999997	0.37832036613999998	0.38447794318	0.39062947035000001	0.39677348733000001	0.40290856360999999	0.40903761982999998	0.41515922546	0.42127192019999998	0.42737868427999998	0.43347799778000001	0.43956848979000002	0.44565305113999998	0.45173025131	0.45779865980000001	0.46386119723000002	0.46991640329000001	0.47596287726999997	0.4820034802	0.48803684115000001	0.49406149982999997	0.50008040666999998	0.50609207153000002	0.51209503412000001	0.51809227466999996	Oil Swelling + Viscosity 	&	 IFT Red	0	2.460629942749344E-10	8.201908094078083E-10	2.1597397244914698E-9	5.2850299231463253E-9	1.2576182148950131E-8	2.9584600735728346E-8	6.925567730807086E-8	1.6176726916010497E-7	3.7743451991469817E-7	8.7997267683727039E-7	2.0502197781332021E-6	4.7741113529363511E-6	1.111717029281496E-5	2.5904481131069553E-5	6.0368262256397638E-5	1.4056838829560366E-4	3.265556720472441E-4	7.5456569291338575E-4	1.7241349020669292E-3	3.860445126066273E-3	8.4061016699475063E-3	1.7906898471128609E-2	3.7207869504593177E-2	7.5596445814468505E-2	0.14764960278051181	0.29526377130905512	0.44291339365157484	0.59056297687828074	0.73817716496063002	0.88582678731955389	1.0334764096128608	1.1810905195209973	1.3287402200623357	1.4763896859416008	1.6240039522637795	1.7716535745570867	1.9193031969324146	2.0669173067585302	2.2145669291338583	2.3622165515091864	2.5098306613353021	2.6574804401246714	2.804818115813648	2.9520584842519684	3.0993345215715227	3.2466105588910761	3.3938512401574803	3.5411272774770342	3.6884036277066929	3.8356446218832025	3.982920659202756	4.1301970093503941	4.2774380035269024	4.4247140408464567	4.571990391076115	4.7192313852526251	4.8665077354822834	5.0137840857119418	5.1610250798064303	5.3083014300360896	5.4555777802657479	5.6028190872703414	5.7500954374999997	5.897371787729659	6.0446124689960623	6.1918894449639108	6.3391657951935692	6.4864064764599734	6.6336834524278219	6.7809598026574802	6.9282011097440943	7.0754774598917329	7.2227538101213913	7.3699951172080045	7.5172714673556431	7.6645478175853015	7.8117891246719156	7.9590661006397641	8.1063424508694233	8.2535837582020992	8.4008601082677163	8.5481364583333335	8.6953777657480309	8.8426547416338579	8.989931091699475	9.1371723982939628	9.2844493741797898	9.4317257250656166	9.5789670316601043	9.7262433817257214	9.8735203584317581	10.020761039206036	10.168038640912073	10.31531436515748	10.462556298392389	10.609833274278214	10.757109624343832	10.904350931758531	11.051627281824148	11.198904883530185	11.34614619094488	11.493422541010498	11.640698891076115	11.787940197670604	11.935216548556429	12.082494150262466	12.229735456856954	12.377011806922571	12.5242881578084	12.671529464402887	12.818807066108924	12.96608341617454	13.113324723589239	13.260601073654856	13.407878675360893	13.55511998277559	13.702396332841207	13.849672682906824	13.996915241141732	14.144191592027559	3.2108027348000002E-10	1.0702435604000001E-9	2.8181839084999999E-9	6.896277327E-9	1.6410202974000001E-8	3.8603495511000002E-8	9.0366853555999998E-8	2.1107322823E-7	4.9245500121999995E-7	1.1480648253999999E-6	2.6745058221E-6	6.2259709920999999E-6	1.4490452486E-5	3.3746691769999999E-5	7.8626027971000003E-5	1.8306408310000001E-4	4.2525638128000003E-4	9.825790766600001E-4	2.2447213996000001E-3	5.0230501219999998E-3	1.0919340886E-2	2.3172585294E-2	4.7922745347000001E-2	9.4171941280000004E-2	0.15918396412999999	0.22630009055	0.27292820811000001	0.3042011261	0.32369428873	0.33540222049000001	0.34251320361999998	0.34719330071999999	0.35071852802999998	0.35374438762999999	0.35657098889	0.35932424664000001	0.36205115914000002	0.36476820707000002	0.36748260259999999	0.37065941094999999	0.37508511543	0.38058823346999998	0.38690015674	0.39373496175	0.40086492895999998	0.40813577174999999	0.41546085477	0.42280289530999998	0.43014293909000001	0.43747264146999998	0.44479331373999997	0.45210260152999998	0.45939850806999999	0.46668457985	0.47395908833	0.48122036457	0.48847180605000001	0.49571189284	0.50293886661999998	0.51015615462999997	0.51736217737000001	0.52455526590000001	0.53173881768999998	0.53891116381000004	0.54607069492000004	0.55322080851	0.56035935878999998	0.56748485564999995	0.57460087538000004	0.58170592784999997	0.58879840374000003	0.59588181972999998	0.60295444727000003	0.61001467705000001	0.61706602573000002	0.62410670519	0.63113510609000001	0.63815462589000005	0.64516365527999997	0.65216052532000002	0.65914863347999997	0.66612631082999996	0.67309188843000001	0.68004882336000005	0.68699544668000001	0.69393008947000001	0.70085608959000001	0.70777189732000001	0.71467584372000004	0.72157126665000004	0.72845649719000005	0.73532998561999996	0.74219501019	0.74904996157000003	0.75589329004000005	0.76272815465999999	0.76955306530000001	0.77636641263999995	0.78317141533000001	0.78996652364999997	0.79675012827000002	0.80352550744999995	0.81029105185999994	0.81704515218999996	0.82379108667000001	0.83052724600000005	0.83725202084000006	0.84396874904999997	0.85067576170000003	0.85737150908000004	0.86405920981999995	0.87073725461999996	0.87740415334999999	0.88406300545000005	0.89071238041	0.89735054970000006	0.90398085117000004	0.91060161591	0.91721135377999996	0.92381322383999998	PV Injected


Cumulative Oil Production (cc)




2 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.1906299293	0.19066883624	0.19070486723999999	0.19074344635000001	0.19078634679000001	0.19082467257999999	0.19086386262999999	0.19090352952	0.19094352424	0.19098807871000001	0.19102707504999999	0.1910662055	0.19110575318	0.19114556908999999	0.19118562341000001	0.19122573733000001	0.19126600026999999	0.19130633771	0.19134670496	0.19138713181	0.19143263996000001	0.19147279858999999	0.19151242077	0.19155220686999999	0.19159215689	0.19163227081	0.19167248905000001	0.19171281159	0.19175340234999999	0.19179204106	0.19183538854000001	0.19187511503999999	0.19191554189000001	0.19195623696	0.19199700653999999	0.19203780591	0.1920786649	0.19211958349	0.19216053188000001	0.19220152497000001	0.19224257767	0.19228716195000001	0.1922788322	0.19239744544000001	0.19241634011	0.19245404005	0.19249483943000001	0.19253574311999999	0.19257667661	0.19261774421	0.19265890121000001	0.19270016253	0.19274152815000001	0.19278298318000001	0.19282452761999999	0.19286616146999999	0.19290785491000001	0.19294963776999999	0.19299149513	0.19303342700000001	0.19307541847000001	0.19313955307	0.19306899607	0.19330404699000001	0.193282336	0.19329367578000001	0.19332976638999999	0.19337128103000001	0.19341365993000001	0.19345615803999999	0.19349874555999999	0.19354136288000001	0.19358403981	0.19365407526	0.19367730618000001	0.19371576606999999	0.19375607371	0.19379810988999999	0.19384084641999999	0.19388376176	0.19392676650999999	0.19396981596999999	0.19401288033	0.19405601919000001	0.19409927726000001	0.19418711960000001	0.19423730671	0.19424644113	0.19427566230000001	0.19431577622999999	0.19435857236000001	0.19440186024	0.19444525241999999	0.19449265300999999	0.19453753531000001	0.19458110631	0.19462439417999999	0.19466838241000001	0.19472488761000001	0.19477042555999999	6 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.16092397273	0.16094937920999999	0.16097991168	0.1610122323	0.16104750335000001	0.16108010709000001	0.16111290454999999	0.16114607452999999	0.16117948294000001	0.16121554375	0.16124910115999999	0.16128203273	0.16131511331000001	0.1613483876	0.16138182579999999	0.16141536832	0.16144900024	0.16148270667	0.16151644289	0.16155023872999999	0.16158618033	0.16162106395	0.16165484488000001	0.16168828309	0.16172173618999999	0.16175527871000001	0.16178891063	0.16182263195999999	0.16185648739	0.16188977659000001	0.16192412376000001	0.16195835173000001	0.16199231148000001	0.16202630102999999	0.16206036507999999	0.16209448873999999	0.162128672	0.16216289997	0.16219715773999999	0.16223149002000001	0.16226582229	0.16230104864	0.16232492030000001	0.16236457229000001	0.16240677238000001	0.16244383156	0.16247801482999999	0.16251176596	0.16254578531	0.16258004307999999	0.16261446475999999	0.16264900565000001	0.16268363594999999	0.16271832585000001	0.16275310515999999	0.16278795898000001	0.16282287240000001	0.16285784543000001	0.16289292276	0.16292802988999999	0.16296321154000001	0.16300158203000001	0.16302624345	0.16306675971000001	0.16311734915000001	0.16315981746	0.16319225729	0.16322137414999999	0.16325183213	0.16328458488	0.16331897676000001	0.16335421801	0.16338987648	0.16342855989999999	0.16346779466	0.16350474953999999	0.16353952885	0.1635735482	0.16360786557000001	0.16364285349999999	0.16367840767	0.16371431947000001	0.16375046968000001	0.16378670931	0.16382306814	0.16386294365000001	0.16390734910999999	0.16395069659	0.16398844123	0.16402120887999999	0.16405233741	0.16408431530000001	0.16411794722	0.16415324807000001	0.16418987513	0.16422723234	0.16426473856000001	0.16430214047	0.16434012352999999	0.16437914968	14 PV Inj	0	0.30480027198999998	0.60960054397999996	0.91440081596	1.2192003727	1.5239999294	1.8288002014	2.1335997580999999	2.4383993148999998	2.7431993484000001	3.0479998588999999	3.352799654	3.6575994492000001	3.9623997211000002	4.2671995162999998	4.5719995499000001	4.8768000602999999	5.1816000938000002	5.4864001273999996	5.7912001609999999	6.0960001945000002	6.400800705	6.7055997849000004	7.0104002953000002	7.3151998520000001	7.6199998856000004	7.9248003960000002	8.2295999526999992	8.5343999863000004	8.8392000197999998	9.1440000533999992	9.4487991332999997	9.7536001204999998	10.058400153999999	10.363200188	10.668000221	10.972800254999999	11.277600288	11.582400322	11.887200355999999	12.191999435	12.496800423	12.801599503	13.106399536	13.411199570000001	13.716000556999999	14.020800591	14.325599670000001	14.630399704	14.935199738	15.239999771000001	15.544800757999999	15.849600792	16.154399871999999	16.459199904999998	16.763999939000001	17.068799973000001	17.373600006	17.67840004	17.983200072999999	18.288000106999998	18.592800140000001	18.897600174000001	19.202400208	19.507200241	19.812000274999999	20.116800307999998	20.421600342000001	20.726400375000001	21.031200409	21.336000443	21.640800475999999	21.945600509999998	22.250398636	22.555198668999999	22.859998702999999	23.164800644	23.469600676999999	23.774400710999998	24.079200745000001	24.384000778000001	24.688798903999999	24.993600845	25.298398972000001	25.603199005	25.907999039	26.212799071999999	26.517599105999999	26.822399139000002	27.127201079999999	27.432001113999998	27.736801147000001	28.041601181000001	28.346401215	28.651201248	28.955999374000001	29.260799408	29.565599442	29.870399474999999	30.175199508999999	0.12138233334	0.12138333172	0.12140544504	0.12142910808	0.12145424634	0.12147852033000001	0.12150263041000001	0.12152686715	0.12155123055	0.12157653272000001	0.12160150707	0.12162599713	0.12165030092	0.12167462707	0.12169903517	0.12172351032000001	0.12174805254	0.12177263945	0.12179727107	0.12182193249000001	0.1218469739	0.12187226862	0.12189746647999999	0.12192240357	0.1219471246	0.12197174131999999	0.12199632823000001	0.12202094495	0.12204562128	0.12207027525	0.12209498136999999	0.1221197769	0.12214464694	0.12216954678	0.12219443172	0.12221933901	0.12224426866	0.12226922065	0.12229421735	0.12231922895	0.1223442778	0.12236937881	0.12239412218	0.12241844833	0.1224430725	0.12246855348000001	0.12249477207999999	0.12252116203000001	0.12254729867	0.12257303298	0.12259845436	0.12262370437	0.12264890969	0.122674115	0.12269937247	0.12272467464	0.12275002896999999	0.12277543545	0.12280088662999999	0.12282638252	0.12285191566000001	0.1228775382	0.12290317565	0.12292868644	0.12295421958	0.12298027425999999	0.12300719321	0.12303477526000001	0.12306237221000001	0.12308935821	0.12311546504	0.12314080447	0.12316571921	0.12319058925	0.12321570515999999	0.12324126065	0.12326729298	0.12329368293	0.1233202219	0.12334670126	0.12337299436	0.12339907885	0.12342500687000001	0.12345089017999999	0.12347679585	0.12350282073	0.12352902441999999	0.12355553359	0.12358249724000001	0.12361000478	0.12363789976	0.12366592139	0.1236936897	0.12372094392999999	0.1237475574	0.12377364187999999	0.12379939853999999	0.12382507324	0.1238508597	0.12387689948	Length of Core (cm)


Mixture Viscosity (cp)
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CO2 moles in Oil (mole frac)




2 PV Inj	0	6.8999826907999995E-2	0.13800002635	0.20700022577999999	0.27600005269	0.3449998796	0.41400009393999998	0.48300027846999999	0.55200010537999999	0.62099993228999995	0.68999993801000004	0.75899994373000002	0.82799994946	0.89699995517999997	0.9660000205	1.0349999666	1.1039998530999999	1.1729998588999999	1.2419998645999999	1.3109998703000001	1.3799998760000001	1.4489998817	1.5179998875	1.5869998932	1.6559998989	1.7249999046	1.7939999104	1.8630000353	1.932000041	2.0009999275000001	2.0699999332000001	2.1389999390000001	2.2079999447000001	2.2769999504	2.3459999561	2.4149999619	2.4839999676	2.5529999732999999	2.6219999789999999	2.6909997463000002	2.7599997520000001	2.8289997578000001	2.8979997635000001	2.9669997692000001	3.0359997749000001	3.1049997807	3.1739997864	3.2430000305000002	3.3119997978	3.3809998035	3.4499998092999999	3.5190000534000001	3.5879998206999999	3.6569998263999999	3.7260000706	3.7949998378999998	3.864000082	3.9329998492999998	4.0019998550000002	4.0709996222999996	4.1399998665000002	4.2089996338000004	4.2779998779000001	4.3470001220999999	4.4159998894000001	4.4850001334999998	4.5539999008000001	4.6230001449999998	4.6920003891000004	4.7610001563999997	4.8299999237	4.8990001677999997	4.9679999351999999	5.0370001792999997	5.1059999465999999	5.1750001906999996	5.2439999579999999	5.3130002021999996	5.3819999694999998	5.4509997368000001	5.5199999808999998	5.5890002251000004	5.6579999923999997	5.7269997597	5.7960000037999997	5.8649997710999999	5.9340000152999997	6.0029997825999999	6.0720000266999996	6.1409997939999998	6.2100000380999996	6.2789998054999998	6.3479995728	6.4170002937000001	6.4860000610000004	6.5549998282999997	6.6239995956	6.6929998397999997	6.7620000839000003	6.8309998511999996	6.8999996184999999	6.9689998626999996	7.0380001068000002	7.1069998740999996	7.1759996413999998	7.2449998856000004	7.3139996528999998	7.3829998970000004	7.4520001411000001	7.5209999084000003	7.5899996757999997	7.6590003966999998	7.728000164	7.7969999313000002	7.8659996985999996	7.9350004195999997	8.0039997101000004	8.0729999542000002	8.1419992446999991	8.2110004424999996	8.2799997330000004	8.3489999771000001	8.4179992676000008	8.4869995117000006	8.5559997559000003	8.625	8.6940002440999997	8.7629995346000005	8.8319997787000002	8.9010000228999999	8.9700002669999996	9.0389995575000004	9.1079998016000001	9.1770000457999998	9.2460002898999996	9.3149995804000003	9.3839998245	9.4530000686999998	9.5220003127999995	9.5909996033000002	9.6599998474	9.7290000915999997	9.7980003356999994	9.8669996262000002	9.9359998702999999	10.005000114	10.074000358999999	10.142999649	10.211999893	10.280999184000001	10.350000380999999	10.418999672	10.487999916	10.557000159999999	10.626000403999999	10.694999695	10.763999939	10.832999229	10.902000427000001	10.970999718	11.039999962	11.108999252	11.178000450000001	11.246999741	11.315999984999999	11.385000228999999	11.453999519	11.522999763	11.592000007999999	11.661000251999999	11.729999542	11.798999786	11.868000030999999	11.937000275000001	12.005999565	12.074999808999999	12.144000052999999	12.213000298000001	12.281999588	12.350999831999999	12.420000076000001	12.489000320000001	12.557999611	12.626999854999999	12.695999146	12.76499939	12.834000587	12.903000832	12.972000122000001	13.041000366	13.109999656999999	13.178999900999999	13.247999191	13.316999435	13.385999679999999	13.455000877	13.523999214	13.593000412	13.661999701999999	13.730999947000001	0.25099295378000003	0.25110509992000002	0.25136163831000002	0.25162109732999999	0.25188040733	0.2521392107	0.25239747762999998	0.25265517831000001	0.25291237235000003	0.25316905974999998	0.25342532992	0.25368133187000003	0.25393706560000001	0.25419259071	0.25444793701000001	0.25470319390000001	0.25495836139	0.25521332025999999	0.25546807050999998	0.25572267175000002	0.25597700477000002	0.25623106956000002	0.25648480654	0.25673815608	0.25699108839000001	0.25724351406000001	0.25749546289000003	0.25774684547999999	0.25799766183	0.25824788212999999	0.25849750638000002	0.25874647497999997	0.25899478793000003	0.25924247502999997	0.25948950648000002	0.25973585247999997	0.25998154283000002	0.26022657752	0.26047089695999998	0.26071459055000001	0.26095762848999998	0.26120001077999999	0.26144173740999999	0.26168280840000002	0.26192325354000001	0.26216310262999998	0.26240229606999999	0.26264092325999999	0.26287892461000001	0.26311632991	0.26335316895999999	0.26358944177999999	0.26382514833999998	0.26406031847	0.26429495214999998	0.26452898979	0.26476249098999999	0.26499545574	0.26522794366000002	0.26545992493999998	0.26569142938000001	0.26592248678000002	0.26615303755000003	0.26638320088	0.26661294698999999	0.26684218645000002	0.26707094908000001	0.26729932427000003	0.26752728224	0.26775488257000002	0.26798212527999998	0.26820904016000002	0.26843559742000001	0.26866188645	0.26888784766000001	0.26911351085000002	0.26933890580999997	0.26956409215999999	0.26978898048	0.27001363038999998	0.27023810147999999	0.27046185732	0.27068620920000003	0.27091068028999998	0.27113452554	0.27135789393999998	0.27158102393	0.27180412411999999	0.2720272541	0.27225038409000002	0.27247348428000001	0.27269658446	0.27291968464999999	0.27314281464000001	0.27336597442999999	0.27358916402	0.27381244302000002	0.27403578161999997	0.27426016331000003	0.27448409796000001	0.27470731734999998	0.27493041754000003	0.27515378594000001	0.27537751197999999	0.27560153603999998	0.27582579851	0.27605032921	0.27627503871999998	0.27649998664999997	0.27672520280000001	0.27695068716999999	0.27717754244999998	0.27740395069000001	0.27762964367999998	0.27785542607000002	0.27808168529999999	0.27830845118000003	0.27853566408000002	0.27876320481	0.27899113297	0.27922043204000002	0.27944967151	0.27967861295000002	0.27990663051999998	0.28013521432999999	0.28036475181999998	0.28059598804000002	0.28082695603000002	0.28105735779000002	0.28128790855000002	0.28151893616000001	0.28175085782999998	0.28198292851000001	0.28221514820999999	0.28244772553000003	0.28268080950000002	0.28291645646000002	0.28315156697999999	0.28338569403000002	0.28361988067999999	0.28385466336999998	0.28409013152000001	0.28432613611000002	0.28456270695000002	0.28479978441999998	0.28503736854	0.28527545928999998	0.28551399708000003	0.28575304151000003	0.28599256277000001	0.28623253107000002	0.28647297621000001	0.28671392798000001	0.28695532680000002	0.28719785809999998	0.28744143247999998	0.28768190741999999	0.28792363404999999	0.28816708922000001	0.28841122985000001	0.28865569829999999	0.28890055417999999	0.28914576769	0.28939142823000003	0.28963756560999998	0.28988417982999998	0.29013124107999999	0.29037877916999999	0.29062676430000001	0.29087522626000001	0.29112413526000003	0.29137352108999998	0.29162335396	0.29187366366	0.29212442039999997	0.29237565397999998	0.29262733459000001	0.29287949204000002	0.29313206672999997	0.29338511825000002	0.29363861679999997	0.29389664530999998	0.29415223002000002	0.29440233111000003	0.29465511440999997	0.29491010307999999	0.29516583681000003	0.29542192817000001	0.29567837715	0.29593524336999999	0.29619261621999998	0.29645046592000002	0.29670876265000001	0.29696753620999999	0.29722675680999999	0.29748645424999998	0.29774656892000001	0.29800716042999997	0.29826816915999999	0.29852965473999998	6 PV Inj	0	6.8999826907999995E-2	0.13800002635	0.20700022577999999	0.27600005269	0.3449998796	0.41400009393999998	0.48300027846999999	0.55200010537999999	0.62099993228999995	0.68999993801000004	0.75899994373000002	0.82799994946	0.89699995517999997	0.9660000205	1.0349999666	1.1039998530999999	1.1729998588999999	1.2419998645999999	1.3109998703000001	1.3799998760000001	1.4489998817	1.5179998875	1.5869998932	1.6559998989	1.7249999046	1.7939999104	1.8630000353	1.932000041	2.0009999275000001	2.0699999332000001	2.1389999390000001	2.2079999447000001	2.2769999504	2.3459999561	2.4149999619	2.4839999676	2.5529999732999999	2.6219999789999999	2.6909997463000002	2.7599997520000001	2.8289997578000001	2.8979997635000001	2.9669997692000001	3.0359997749000001	3.1049997807	3.1739997864	3.2430000305000002	3.3119997978	3.3809998035	3.4499998092999999	3.5190000534000001	3.5879998206999999	3.6569998263999999	3.7260000706	3.7949998378999998	3.864000082	3.9329998492999998	4.0019998550000002	4.0709996222999996	4.1399998665000002	4.2089996338000004	4.2779998779000001	4.3470001220999999	4.4159998894000001	4.4850001334999998	4.5539999008000001	4.6230001449999998	4.6920003891000004	4.7610001563999997	4.8299999237	4.8990001677999997	4.9679999351999999	5.0370001792999997	5.1059999465999999	5.1750001906999996	5.2439999579999999	5.3130002021999996	5.3819999694999998	5.4509997368000001	5.5199999808999998	5.5890002251000004	5.6579999923999997	5.7269997597	5.7960000037999997	5.8649997710999999	5.9340000152999997	6.0029997825999999	6.0720000266999996	6.1409997939999998	6.2100000380999996	6.2789998054999998	6.3479995728	6.4170002937000001	6.4860000610000004	6.5549998282999997	6.6239995956	6.6929998397999997	6.7620000839000003	6.8309998511999996	6.8999996184999999	6.9689998626999996	7.0380001068000002	7.1069998740999996	7.1759996413999998	7.2449998856000004	7.3139996528999998	7.3829998970000004	7.4520001411000001	7.5209999084000003	7.5899996757999997	7.6590003966999998	7.728000164	7.7969999313000002	7.8659996985999996	7.9350004195999997	8.0039997101000004	8.0729999542000002	8.1419992446999991	8.2110004424999996	8.2799997330000004	8.3489999771000001	8.4179992676000008	8.4869995117000006	8.5559997559000003	8.625	8.6940002440999997	8.7629995346000005	8.8319997787000002	8.9010000228999999	8.9700002669999996	9.0389995575000004	9.1079998016000001	9.1770000457999998	9.2460002898999996	9.3149995804000003	9.3839998245	9.4530000686999998	9.5220003127999995	9.5909996033000002	9.6599998474	9.7290000915999997	9.7980003356999994	9.8669996262000002	9.9359998702999999	10.005000114	10.074000358999999	10.142999649	10.211999893	10.280999184000001	10.350000380999999	10.418999672	10.487999916	10.557000159999999	10.626000403999999	10.694999695	10.763999939	10.832999229	10.902000427000001	10.970999718	11.039999962	11.108999252	11.178000450000001	11.246999741	11.315999984999999	11.385000228999999	11.453999519	11.522999763	11.592000007999999	11.661000251999999	11.729999542	11.798999786	11.868000030999999	11.937000275000001	12.005999565	12.074999808999999	12.144000052999999	12.213000298000001	12.281999588	12.350999831999999	12.420000076000001	12.489000320000001	12.557999611	12.626999854999999	12.695999146	12.76499939	12.834000587	12.903000832	12.972000122000001	13.041000366	13.109999656999999	13.178999900999999	13.247999191	13.316999435	13.385999679999999	13.455000877	13.523999214	13.593000412	13.661999701999999	13.730999947000001	0.17360080779000001	0.17326581478	0.17335017024999999	0.17345887423	0.17357312143	0.17368815839000001	0.17380423844000001	0.17392151057999999	0.17404001951	0.17415970564	0.17428058386	0.17439888417999999	0.17452006042000001	0.17464421690000001	0.17477004230000001	0.17489679157999999	0.17502433062	0.17515268921999999	0.17528168857000001	0.17541134356999999	0.17554154992000001	0.17567226290999999	0.17580346762999999	0.17593507469	0.17606702447	0.17619930208000001	0.17633181810000001	0.17646454275000001	0.17659746109999999	0.17673051357	0.17686365544999999	0.17699684202999999	0.17713002860999999	0.17726324499000001	0.17739643157000001	0.17752955853999999	0.17766264080999999	0.17779554426999999	0.17792828381	0.17806091904999999	0.17819349468000001	0.17832598089999999	0.17845839261999999	0.17859067023	0.17872281373000001	0.17885479331000001	0.17898663878000001	0.17911832035	0.17924985290000001	0.17938119173	0.17951238154999999	0.17964339256	0.17977422475999999	0.17990487814	0.18003535271000001	0.18016564845999999	0.1802957654	0.18042567372000001	0.18055538833000001	0.18068492413000001	0.18081428111	0.18094342947	0.18107238412000001	0.18120117486000001	0.18132975698000001	0.18145816028	0.18158638477	0.18171440065	0.18184222281000001	0.18196986615999999	0.18209730089000001	0.18222455679999999	0.18235161900999999	0.18247848749000001	0.18260519207000001	0.18273168802	0.18285803497	0.18298420309999999	0.18311019242000001	0.18323600292	0.18336163460999999	0.18348710238999999	0.18361240625	0.18373753130000001	0.18386250734000001	0.18398731946999999	0.18411199749000001	0.18423651159000001	0.18436084688000001	0.18448500335000001	0.18460899590999999	0.18473280966	0.18485648930000001	0.18498001992999999	0.18510344625	0.18522675335	0.18534992635	0.18547299504	0.18559597433	0.1857188642	0.18584164977000001	0.18596437572999999	0.18608704208999999	0.18620958924	0.18633201718	0.18645434082000001	0.18657653033999999	0.18669863045000001	0.18682064115999999	0.18694260716	0.18706454337	0.18718644977000001	0.18730834126000001	0.18743024765999999	0.18755215406	0.18767407537	0.18779599666999999	0.18791790307	0.18803976476000001	0.18816158175	0.18828339875	0.18840521573999999	0.18852706254000001	0.18864899873999999	0.18877097964	0.18889306485999999	0.18901516497000001	0.18913733959000001	0.18925955891999999	0.18938182294	0.18950413166999999	0.18962652981	0.18974904715999999	0.18987162411	0.18999430537000001	0.19011704624	0.19023993611000001	0.1903629154	0.19048604369	0.190609321	0.19073277712	0.19085645675999999	0.19098030030999999	0.19110433757	0.19122852385	0.19135287404000001	0.19147738814000001	0.19160206616	0.19172695278999999	0.19185204804	0.19197736680999999	0.19210293888999999	0.19222876429999999	0.19235487281999999	0.19248124957000001	0.19260787964000001	0.19273480773000001	0.19286201893999999	0.19298952818000001	0.19311729074	0.19324536621999999	0.19337368011	0.19350224732999999	0.19363105296999999	0.19376011193000001	0.19388945400999999	0.19401910901	0.19414903223999999	0.19427928328999999	0.19440984725999999	0.19454070926	0.19467188418	0.19480338692999999	0.19493521750000001	0.19506734610000001	0.19519980251999999	0.19533258677000001	0.19546566904000001	0.19559909403	0.19573281705000001	0.19586686789999999	0.19600124657000001	0.19613595307000001	0.19627100229	0.19640637933999999	0.19654211401999999	0.19667820631999999	0.19681461154999999	0.19695134461	0.19708833098	0.19722555578000001	0.19736300408999999	0.19750070572	0.19763866066999999	0.19777686893999999	0.19791534543	0.19805416465	0.19819328188999999	0.19833272696000001	0.19847251475	11 PV Inj	0	6.8999826907999995E-2	0.13800002635	0.20700022577999999	0.27600005269	0.3449998796	0.41400009393999998	0.48300027846999999	0.55200010537999999	0.62099993228999995	0.68999993801000004	0.75899994373000002	0.82799994946	0.89699995517999997	0.9660000205	1.0349999666	1.1039998530999999	1.1729998588999999	1.2419998645999999	1.3109998703000001	1.3799998760000001	1.4489998817	1.5179998875	1.5869998932	1.6559998989	1.7249999046	1.7939999104	1.8630000353	1.932000041	2.0009999275000001	2.0699999332000001	2.1389999390000001	2.2079999447000001	2.2769999504	2.3459999561	2.4149999619	2.4839999676	2.5529999732999999	2.6219999789999999	2.6909997463000002	2.7599997520000001	2.8289997578000001	2.8979997635000001	2.9669997692000001	3.0359997749000001	3.1049997807	3.1739997864	3.2430000305000002	3.3119997978	3.3809998035	3.4499998092999999	3.5190000534000001	3.5879998206999999	3.6569998263999999	3.7260000706	3.7949998378999998	3.864000082	3.9329998492999998	4.0019998550000002	4.0709996222999996	4.1399998665000002	4.2089996338000004	4.2779998779000001	4.3470001220999999	4.4159998894000001	4.4850001334999998	4.5539999008000001	4.6230001449999998	4.6920003891000004	4.7610001563999997	4.8299999237	4.8990001677999997	4.9679999351999999	5.0370001792999997	5.1059999465999999	5.1750001906999996	5.2439999579999999	5.3130002021999996	5.3819999694999998	5.4509997368000001	5.5199999808999998	5.5890002251000004	5.6579999923999997	5.7269997597	5.7960000037999997	5.8649997710999999	5.9340000152999997	6.0029997825999999	6.0720000266999996	6.1409997939999998	6.2100000380999996	6.2789998054999998	6.3479995728	6.4170002937000001	6.4860000610000004	6.5549998282999997	6.6239995956	6.6929998397999997	6.7620000839000003	6.8309998511999996	6.8999996184999999	6.9689998626999996	7.0380001068000002	7.1069998740999996	7.1759996413999998	7.2449998856000004	7.3139996528999998	7.3829998970000004	7.4520001411000001	7.5209999084000003	7.5899996757999997	7.6590003966999998	7.728000164	7.7969999313000002	7.8659996985999996	7.9350004195999997	8.0039997101000004	8.0729999542000002	8.1419992446999991	8.2110004424999996	8.2799997330000004	8.3489999771000001	8.4179992676000008	8.4869995117000006	8.5559997559000003	8.625	8.6940002440999997	8.7629995346000005	8.8319997787000002	8.9010000228999999	8.9700002669999996	9.0389995575000004	9.1079998016000001	9.1770000457999998	9.2460002898999996	9.3149995804000003	9.3839998245	9.4530000686999998	9.5220003127999995	9.5909996033000002	9.6599998474	9.7290000915999997	9.7980003356999994	9.8669996262000002	9.9359998702999999	10.005000114	10.074000358999999	10.142999649	10.211999893	10.280999184000001	10.350000380999999	10.418999672	10.487999916	10.557000159999999	10.626000403999999	10.694999695	10.763999939	10.832999229	10.902000427000001	10.970999718	11.039999962	11.108999252	11.178000450000001	11.246999741	11.315999984999999	11.385000228999999	11.453999519	11.522999763	11.592000007999999	11.661000251999999	11.729999542	11.798999786	11.868000030999999	11.937000275000001	12.005999565	12.074999808999999	12.144000052999999	12.213000298000001	12.281999588	12.350999831999999	12.420000076000001	12.489000320000001	12.557999611	12.626999854999999	12.695999146	12.76499939	12.834000587	12.903000832	12.972000122000001	13.041000366	13.109999656999999	13.178999900999999	13.247999191	13.316999435	13.385999679999999	13.455000877	13.523999214	13.593000412	13.661999701999999	13.730999947000001	0.10042098165	0.10035748035	0.10042912513	0.10050270706	0.10057400167	0.10064282267999999	0.10071018338	0.10077674687	0.10084287077	0.10090883076	0.10097479819999999	0.1010395959	0.10110520571000001	0.1011717543	0.10123880208	0.10130617023000001	0.1013738066	0.10144176334	0.10150998830999999	0.10157848895	0.1016472578	0.10171627253	0.10178554058	0.1018550247	0.10192473233	0.10199463367	0.10206470639	0.10213495046	0.102205351	0.10227589309	0.10234656185	0.10241734236	0.10248820484	0.10255917162	0.10263022035	0.10270134359999999	0.10277253389	0.10284376889000001	0.10291502625	0.1029863432	0.10305771977	0.10312917084000001	0.10320066661000001	0.10327222198	0.10334380716	0.10341542959	0.10348708928	0.10355878621	0.1036305055	0.10370226204000001	0.10377404839	0.10384585708000001	0.10391769558	0.10398955643	0.10406143963	0.10413334519	0.10420528054	0.1042772308	0.10434918851	0.10442118347	0.10449317843	0.10456519574000001	0.1046372354	0.10470928996999999	0.10478135943	0.1048534438	0.10492553562	0.10499764978999999	0.10506975651	0.10514187813	0.10521399975	0.10528612137	0.10535824299	0.10543037206	0.10550249368	0.10557460785	0.10564672202	0.10571881383999999	0.10579090565	0.10586297511999999	0.10593501478	0.1060070321	0.10607901216	0.10615096986	0.10622286797	0.10629473627	0.10636655986	0.10643832386	0.10651002079000001	0.10658162832	0.10665316135	0.10672459751	0.10679593682000001	0.10686717927	0.10693832487	0.1070093587	0.10708027333	0.1071510613	0.10722173005000001	0.1072922498	0.10736262798	0.10743286461	0.10750292241999999	0.10757280141	0.10764248669	0.1077119559	0.1077812016	0.10785022378	0.10791901499000001	0.10798757522999999	0.10805590450999999	0.10812398791	0.108191818	0.10825940222	0.10832671821000001	0.10839376599	0.10846052319	0.10852698982	0.10859312117	0.10865893215	0.1087244004	0.10878954083	0.10885435342999999	0.10891883820000001	0.10898298770000001	0.10904680192000001	0.10911025852	0.10917334259	0.10923605412	0.10929839313	0.10936035215999999	0.10942193121	0.10948313027999999	0.10954394937	0.10960438102	0.1096644178	0.10972406714999999	0.10978332907	0.10984220356	0.10990070552	0.10995882749999999	0.1100165993	0.11007399112000001	0.11013101040999999	0.11018767207999999	0.11024393141	0.11029982567	0.11035533994000001	0.11041050404	0.11046531051	0.11051977425999999	0.11057391018	0.11062772572	0.11068122089	0.11073441058	0.11078729481000001	0.11083987355	0.11089217663000001	0.11094419658	0.11099593341	0.11104740947	0.11109860241	0.11114953458	0.11120019853	0.11125062406	0.11130081862000001	0.11135078222	0.11140054464	0.11145012081	0.11149951071	0.11154872924000001	0.11159778385999999	0.11164669693	0.11169546097999999	0.11174409837	0.11179262399999999	0.11184103042	0.11188934742999999	0.11193758994	0.11198575795	0.11203388124999999	0.11208194494	0.11212998629	0.11217801273	0.11222603171999999	0.11227407305999999	0.11232213676	0.11237023771	0.11241838336	0.11246655881000001	0.11251477152	0.11256304383	0.1126113832	0.11265979707	0.1127083227	0.11275698245	0.11280578375	0.11285474896	0.11290390044	0.11303551495	12.98 PV Inj	0	6.8999826907999995E-2	0.13800002635	0.20700022577999999	0.27600005269	0.3449998796	0.41400009393999998	0.48300027846999999	0.55200010537999999	0.62099993228999995	0.68999993801000004	0.75899994373000002	0.82799994946	0.89699995517999997	0.9660000205	1.0349999666	1.1039998530999999	1.1729998588999999	1.2419998645999999	1.3109998703000001	1.3799998760000001	1.4489998817	1.5179998875	1.5869998932	1.6559998989	1.7249999046	1.7939999104	1.8630000353	1.932000041	2.0009999275000001	2.0699999332000001	2.1389999390000001	2.2079999447000001	2.2769999504	2.3459999561	2.4149999619	2.4839999676	2.5529999732999999	2.6219999789999999	2.6909997463000002	2.7599997520000001	2.8289997578000001	2.8979997635000001	2.9669997692000001	3.0359997749000001	3.1049997807	3.1739997864	3.2430000305000002	3.3119997978	3.3809998035	3.4499998092999999	3.5190000534000001	3.5879998206999999	3.6569998263999999	3.7260000706	3.7949998378999998	3.864000082	3.9329998492999998	4.0019998550000002	4.0709996222999996	4.1399998665000002	4.2089996338000004	4.2779998779000001	4.3470001220999999	4.4159998894000001	4.4850001334999998	4.5539999008000001	4.6230001449999998	4.6920003891000004	4.7610001563999997	4.8299999237	4.8990001677999997	4.9679999351999999	5.0370001792999997	5.1059999465999999	5.1750001906999996	5.2439999579999999	5.3130002021999996	5.3819999694999998	5.4509997368000001	5.5199999808999998	5.5890002251000004	5.6579999923999997	5.7269997597	5.7960000037999997	5.8649997710999999	5.9340000152999997	6.0029997825999999	6.0720000266999996	6.1409997939999998	6.2100000380999996	6.2789998054999998	6.3479995728	6.4170002937000001	6.4860000610000004	6.5549998282999997	6.6239995956	6.6929998397999997	6.7620000839000003	6.8309998511999996	6.8999996184999999	6.9689998626999996	7.0380001068000002	7.1069998740999996	7.1759996413999998	7.2449998856000004	7.3139996528999998	7.3829998970000004	7.4520001411000001	7.5209999084000003	7.5899996757999997	7.6590003966999998	7.728000164	7.7969999313000002	7.8659996985999996	7.9350004195999997	8.0039997101000004	8.0729999542000002	8.1419992446999991	8.2110004424999996	8.2799997330000004	8.3489999771000001	8.4179992676000008	8.4869995117000006	8.5559997559000003	8.625	8.6940002440999997	8.7629995346000005	8.8319997787000002	8.9010000228999999	8.9700002669999996	9.0389995575000004	9.1079998016000001	9.1770000457999998	9.2460002898999996	9.3149995804000003	9.3839998245	9.4530000686999998	9.5220003127999995	9.5909996033000002	9.6599998474	9.7290000915999997	9.7980003356999994	9.8669996262000002	9.9359998702999999	10.005000114	10.074000358999999	10.142999649	10.211999893	10.280999184000001	10.350000380999999	10.418999672	10.487999916	10.557000159999999	10.626000403999999	10.694999695	10.763999939	10.832999229	10.902000427000001	10.970999718	11.039999962	11.108999252	11.178000450000001	11.246999741	11.315999984999999	11.385000228999999	11.453999519	11.522999763	11.592000007999999	11.661000251999999	11.729999542	11.798999786	11.868000030999999	11.937000275000001	12.005999565	12.074999808999999	12.144000052999999	12.213000298000001	12.281999588	12.350999831999999	12.420000076000001	12.489000320000001	12.557999611	12.626999854999999	12.695999146	12.76499939	12.834000587	12.903000832	12.972000122000001	13.041000366	13.109999656999999	13.178999900999999	13.247999191	13.316999435	13.385999679999999	13.455000877	13.523999214	13.593000412	13.661999701999999	13.730999947000001	0.10041041672000001	0.10017184913	0.10019265115000001	0.10022574663	0.10025943816000001	0.10029212385	0.10032401234	0.10035540163999999	0.10038641095	0.10041710734000001	0.10044752806	0.10047732294	0.10050678253000001	0.10053631663	0.1005660966	0.10059613734	0.1006263867	0.10065685213	0.10068749636	0.10071836412	0.10074944048999999	0.10078071802999999	0.10081221163	0.10084389895	0.10087578744	0.10090786219	0.10094010085000001	0.10097249597000001	0.10100503265999999	0.1010376811	0.10107044876	0.10110331326999999	0.10113625228000001	0.10116925836	0.10120233148	0.10123543441000001	0.10126857459999999	0.10130173713	0.10133491457	0.10136809200000001	0.10140127689	0.10143444687	0.10146760941000001	0.10150075704	0.10153389722	0.10156702250000001	0.10160014033	0.10163322091	0.10166630149	0.10169935226	0.10173236579	0.10176536441	0.10179833323	0.10183127224000001	0.10186418145999999	0.10189706087	0.10192990303	0.10196271539	0.10199550539	0.10202825069	0.10206096619	0.10209365189	0.10212630779	0.10215892643	0.10219151527000001	0.10222408175	0.10225660354	0.10228909552	0.10232156515	0.10235400498	0.10238641499999999	0.10241879523	0.10245114565000001	0.10248346627	0.10251575708000001	0.1025480181	0.10258024186	0.10261243582	0.10264460742000001	0.10267674178	0.10270884633000001	0.10274092108000001	0.10277295858	0.10280496627000001	0.10283693670999999	0.10286886990000001	0.10290076584000001	0.10293261707	0.10296443850000001	0.10299620777	0.1030279249	0.10305958241	0.10309118032	0.10312272608	0.10315418988	0.10318557918	0.10321688652	0.103248097	0.10327921063000001	0.10331021994	0.10334112495	0.1033719182	0.10340259223999999	0.10343315452	0.10346359015000001	0.10349389166	0.10352407396	0.10355411470000001	0.10358403623	0.1036138162	0.10364346206	0.10367297381	0.10370233655	0.10373156518	0.10376063734	0.1037895605	0.10381832719	0.10384693741999999	0.10387536138	0.10390362889	0.10393171012000001	0.10395959765	0.10398729891	0.10401479900000001	0.10404210538	0.10406920314	0.10409609973	0.10412278026000001	0.10414925218	0.10417550057	0.10420152545	0.10422732681000001	0.10425290465000001	0.10427825153	0.10430335999	0.10432823002	0.10435285419	0.10437722503999999	0.10440135002000001	0.10442522168	0.10444882512000001	0.10447216033999999	0.10449523479	0.10451803356	0.10454056412	0.104562819	0.10458480567	0.10460651666	0.10462795197999999	0.10464911908000001	0.10467001050999999	0.10469062626	0.1047109738	0.10473103821	0.10475083440999999	0.10477035493	0.10478959233	0.10480856149999999	0.10482725501	0.10484567285	0.10486380755999999	0.10488166660000001	0.10489926486999999	0.10491658002	0.10493364185	0.10495043546000001	0.10496697575	0.10498326272	0.10499928892	0.10501506925	0.10503060371	0.1050459072	0.10506097227	0.10507579893000001	0.10509039462	0.10510476679	0.10511890799	0.10513283312	0.10514653474000001	0.10516002773999999	0.10517329723	0.105186373	0.1051992476	0.10521192849	0.10522442311000001	0.10523673147	0.10524886847000001	0.10526082665	0.10527262092	0.10528426617	0.10529574752	0.1053070873	0.10531828552	0.10532934964	0.10534028709	0.10535108298	0.10536177456	0.10537234694	0.105382815	0.10539317876	Length of core (cm)


Mixture Viscosity (cp)




Test-1 - Dodecane Measured Data	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	21.8	21.2	21	21	21	21	18.5	18.5	Test-1 - Simulated Data (Oil Swelling+Viscosity Red)	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.35	21.63	21.13	21.13	18.71	18.54	Test-1 Simulated Data (Oil Swelling + IFT 	&	 Viscosity Red)	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.2	21.62	21	21	18.54	18.489999999999998	Endpoint Sat_1	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	21.81	21.52	19.829999999999998	18.18	17.72	17.72	17.329999999999998	16.940000000000001	Endpoint Sat_2	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.18	22.05	21	19.55	19.010000000000002	19.010000000000002	18.670000000000002	18.32	OrgData	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.597999999999999	22.59	22.579000000000001	22.579000000000001	22.547999999999998	22.52	Simulated_Endpt_Sat_3	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.25	22.11	21.17	19.809999999999999	19.28	19.28	18.97	18.66	OrgData_v1	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.59	22.53	22.44	22.44	21.86	21.45	OrgData_v2	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.585000000000001	22.486999999999998	22.324999999999999	22.324999999999999	20.41	19.79	94.26KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.599900000000002	22.596800000000002	22.590499999999999	22.590499999999999	22.570900000000002	22.543500000000002	73.635KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.599799999999998	22.597000000000001	7.35	4.24	1.73	1.73	1.41	1.39	77KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.599799999999998	22.597000000000001	15.59	11.5	6.98	6.98	3.15	2.89	80KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.599	21.11	17.82	14.58	14.58	6.93	6.37	86.5KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.585999999999999	22.49	22.34	22.34	20.99	20.350000000000001	88KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.59	22.545000000000002	22.47	22.47	22.2	21.87	85KJ/gmole 	&	 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.57	22.38	22.04	22.04	18.96	18.245000000000001	90.400KJ/gmole and 1.69E09	0	0.5	0.7	2	4	6	10.988	11.888000000000002	12.888000000000002	22.6	22.6	22.6	22.598700000000001	22.58	22.558	22.558	22.495999999999999	22.4	PV Injected 


Oil Saturation %




Dodecane-Org Krw	0.2	0.22500000000000001	0.25	0.28275	0.3155	0.34825	0.38100000000000001	0.41375000000000001	0.44650000000000001	0.47925000000000001	0.51200000000000001	0.54474999999999996	0.57750000000000001	0.61024999999999996	0.64300000000000002	0.67574999999999996	0.70850000000000002	0.74124999999999996	0.77400000000000002	0	0	0	1.17187E-3	4.6874999999999998E-3	1.05469E-2	1.8749999999999999E-2	2.9296900000000001E-2	4.2187500000000003E-2	5.7421899999999998E-2	7.4999999999999997E-2	9.4921900000000003E-2	0.117188	0.14179700000000001	0.16875000000000001	0.198047	0.229687	0.26367200000000002	0.3	Dodecane Org Krow	0.2	0.22500000000000001	0.25	0.28275	0.3155	0.34825	0.38100000000000001	0.41375000000000001	0.44650000000000001	0.47925000000000001	0.51200000000000001	0.54474999999999996	0.57750000000000001	0.61024999999999996	0.64300000000000002	0.67574999999999996	0.70850000000000002	0.74124999999999996	0.77400000000000002	1	0.91478899999999996	0.833372	0.732456	0.63805000000000001	0.55015599999999998	0.46877200000000002	0.39389800000000003	0.32553599999999999	0.26368399999999997	0.208343	0.15951299999999999	0.11719300000000001	8.1383999999999998E-2	5.2085699999999999E-2	2.92982E-2	1.3021400000000001E-2	3.2553600000000001E-3	0	Dodecane Mod-Krw	0.2	0.22500000000000001	0.25	0.28499999999999998	0.32	0.35499999999999998	0.39	0.42499999999999999	0.46	0.495	0.53	0.56499999999999995	0.6	0.63500000000000001	0.67	0.70499999999999996	0.74	0.77500000000000002	0.81	0	0	0	2.1972700000000001E-5	1.7578099999999999E-4	5.93262E-4	1.4062499999999999E-3	2.7465800000000002E-3	4.7460899999999997E-3	7.53662E-3	1.125E-2	1.60181E-2	2.1972700000000001E-2	2.92456E-2	3.7968700000000001E-2	4.8273900000000002E-2	6.0292999999999999E-2	7.4157699999999993E-2	0.09	Dodecane Mod-Krow	0.2	0.22500000000000001	0.25	0.28499999999999998	0.32	0.35499999999999998	0.39	0.42499999999999999	0.46	0.495	0.53	0.56499999999999995	0.6	0.63500000000000001	0.67	0.70499999999999996	0.74	0.77500000000000002	0.81	1	0.91971199999999997	0.84278399999999998	0.74072800000000005	0.64525699999999997	0.556369	0.47406599999999999	0.39834700000000001	0.32921299999999998	0.26666200000000001	0.21069599999999999	0.16131400000000001	0.118517	8.2303100000000004E-2	5.2673999999999999E-2	2.9629099999999998E-2	1.31685E-2	3.2921299999999999E-3	0	Sw (frac)


Krow, Krw (frac)




2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	3.802723065E-2	3.7866160273999999E-2	3.7720274179999999E-2	3.7542007863999999E-2	3.7395138293999999E-2	3.7241816520999997E-2	3.7084687500999997E-2	3.6925490945999999E-2	3.6741226911999998E-2	3.6587636918000002E-2	3.6432038993000002E-2	3.6274455487999999E-2	3.6115568131000003E-2	3.5955846309999998E-2	3.5795595497000003E-2	3.5635028034000003E-2	3.5474278032999997E-2	3.5313446074999998E-2	3.5123392939999998E-2	3.4967016428999999E-2	3.4811224788E-2	3.4654546528999998E-2	3.4497160465000003E-2	3.4310709685000003E-2	3.4156002104000001E-2	3.4001793712000003E-2	3.384667635E-2	3.3690687269E-2	3.3533606677999997E-2	3.3376887441000001E-2	3.3219289035000002E-2	3.3060178161000001E-2	3.2903008163E-2	3.2744687050999997E-2	3.2584317028999998E-2	3.242713958E-2	3.2268490641999999E-2	3.2107412815E-2	3.1950335949999999E-2	3.1787980347999997E-2	3.1632125378000003E-2	3.1473424286000001E-2	3.1280625611999999E-2	3.1097974628E-2	3.0939225107E-2	3.0790809541999999E-2	3.0637588351999999E-2	3.0478343368E-2	3.0327510089E-2	3.0165772885000001E-2	3.0015634372999998E-2	2.9859691858000002E-2	2.9696684330999999E-2	2.9544638469999999E-2	2.9387455433999999E-2	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	7.3449648916999996E-2	7.3344103992000004E-2	7.3239780961999998E-2	7.3101416229999994E-2	7.2987742721999996E-2	7.2867102921000002E-2	7.2741262614999996E-2	7.2612047195000001E-2	7.2459854185999997E-2	7.2331182659000001E-2	7.2201840579999996E-2	7.2069816290999997E-2	7.1935646236000003E-2	7.1799837052999999E-2	7.1662761271000006E-2	7.1524694562000002E-2	7.1385838091000006E-2	7.1246355772000003E-2	7.1083478630000002E-2	7.0942498743999993E-2	7.0805877446999996E-2	7.0668764411999999E-2	7.0530742406999997E-2	7.0370532572000002E-2	7.0229120552999999E-2	7.0091858505999999E-2	6.9955483079E-2	6.9817960262000003E-2	6.9679312408000002E-2	6.9540619849999999E-2	6.940125674E-2	6.9260589777999995E-2	6.9120906292999995E-2	6.8980835377999997E-2	6.8839065731000001E-2	6.8698994814999997E-2	6.8558484316000007E-2	6.8416096270000004E-2	6.8275816739000003E-2	6.8132773041999994E-2	6.7993000149999996E-2	6.7852601408999999E-2	6.7689426243000006E-2	6.7524954676999996E-2	6.7376844584999998E-2	6.7241206765000006E-2	6.7106001078999999E-2	6.6966392099999994E-2	6.6830471158000004E-2	6.6689379512999997E-2	6.6553190351000005E-2	6.6415704786999999E-2	6.6272854805000003E-2	6.6134683787999998E-2	6.5995648503000007E-2	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.15248551965000001	0.15234452486	0.15220431982999999	0.15203483403000001	0.15188652277	0.15173219144	0.15157334507	0.15141154826	0.1512299329	0.15106850862999999	0.15090647339999999	0.15074206889	0.15057578683	0.15040802955999999	0.15023915469999999	0.15006937087	0.14989885687999999	0.14972777665000001	0.14953646064000001	0.14936402439999999	0.14919534326	0.14902624487999999	0.14885637164000001	0.14866735041000001	0.14849466084999999	0.14832565187999999	0.14815755187999999	0.14798863232000001	0.1478189677	0.1476495713	0.14747992158000001	0.1473095566	0.14714054763000001	0.14697174728000001	0.14680211245999999	0.14663466811	0.14646765589999999	0.14629989862000001	0.14613492786999999	0.14596861601	0.14580626786000001	0.14564456045999999	0.14546436070999999	0.14528435469000001	0.14511993527	0.14496776461999999	0.14481744169999999	0.14466480910999999	0.14451690017999999	0.14436602592	0.14422096311999999	0.14407631755	0.14392852783000001	0.14378631115000001	0.14364467560999999	16 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.15242455899999999	0.15243735909	0.15242286025999999	0.15238040686000001	0.15235540271	0.15232604742	0.15229173004999999	0.15225373209000001	0.15219864249000001	0.15215596557	0.15211519599000001	0.15207254886999999	0.15202778578000001	0.15198127924999999	0.15193338692	0.15188437699999999	0.15183447301	0.15178382397000001	0.15172052383000001	0.15166285634000001	0.1516110152	0.15156105161	0.15151101350999999	0.15145064890000001	0.15139271319	0.15133957565	0.15128916502	0.15123930573	0.15118913351999999	0.15113882719999999	0.15108843148000001	0.15103769302	0.15098720789	0.15093711019	0.15088683367	0.15083707868999999	0.15078797935999999	0.15073890983999999	0.15069079398999999	0.15064299107000001	0.15059633552999999	0.15055097640000001	0.15050095320000001	0.15044543147	0.1503906548	0.15034246444999999	0.15030112863	0.15026357770000001	0.15022847055999999	0.15019449592	0.15016193688000001	0.15013097227	0.15010052919	0.15007089077999999	0.15004250407	Length of core (cm)


CO2 moles in Earlsboro oil (mole frac)




2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.10874000937	0.10306130350000001	9.8495297134000001E-2	9.4830513000000005E-2	9.1900207102000003E-2	8.9518621564000006E-2	8.7467938662000005E-2	8.5550844668999995E-2	8.3713538944999999E-2	8.1958025694E-2	8.0287009477999993E-2	7.8700356185000001E-2	7.7201120555000002E-2	7.5787514447999998E-2	7.4455276131999995E-2	7.3199123143999997E-2	7.2013802826000006E-2	7.0890426635999995E-2	6.9824449718000003E-2	6.8804778159000005E-2	6.7822657526000002E-2	6.6867701708999999E-2	6.5935917198999994E-2	6.5027698874000006E-2	6.4142338931999998E-2	6.3280105591000002E-2	6.2440644949999999E-2	6.1624191701000003E-2	6.0830276459E-2	6.0059063136999997E-2	5.9309206902999997E-2	5.8580674231000003E-2	5.7871989906000003E-2	5.7182911783000001E-2	5.6511033326E-2	5.5856492369999997E-2	5.5216614157E-2	5.4591573774999999E-2	5.3978547453999999E-2	5.3377762437000001E-2	5.2786804735999997E-2	5.2204109727999999E-2	5.1629472523999999E-2	5.1062699406999999E-2	5.0503455102000001E-2	4.9951918423000001E-2	4.9407925456999999E-2	4.8870965837999998E-2	4.8341419548000003E-2	4.7819174825999997E-2	4.7303859144000003E-2	4.6795640141000003E-2	4.6294886618999997E-2	4.5801244675999997E-2	4.5314516871999999E-2	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.20606614648999999	0.20121687651	0.19721645117	0.19390618801000001	0.19112591444999999	0.18870267271999999	0.18645869195000001	0.18423847854	0.18195997179000001	0.17961135507000001	0.17721620201999999	0.17481210827999999	0.17244172095999999	0.17014509439	0.16795518994	0.1658962816	0.16398400067999999	0.16226951778000001	0.16082827747	0.15959908068000001	0.15846209227999999	0.1573664397	0.15630351007000001	0.15526783465999999	0.15425437688999999	0.15325853229	0.15227645636000001	0.15130484104	0.15034084021999999	0.14938215911	0.14842702448	0.14747394621000001	0.14652179182	0.14556968211999999	0.14461699128	0.14366336166999999	0.14270864426999999	0.14175289868999999	0.14079648255999999	0.13983991741999999	0.13888399303000001	0.13792970776999999	0.13697816432000001	0.13603052497000001	0.13508790731	0.13415142894000001	0.13322219253000001	0.13230133056999999	0.13138996065	0.13048920035	0.12960009277000001	0.12872357666000001	0.12786045670999999	0.12701143324	0.12617716193	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.39553573728000002	0.39122754334999998	0.38746336102000001	0.38416934012999998	0.38128474355000003	0.37872827053000002	0.37638792395999998	0.37413281201999998	0.37185171246999998	0.36946412920999999	0.36691442132000002	0.36417460441999999	0.36125001310999999	0.35817718506000001	0.35501629114	0.35184019804	0.34872433542999998	0.34577640891	0.34317728876999998	0.34126681088999999	0.34004843234999999	0.33886769414000001	0.33770936728000001	0.33656850456999998	0.33544212579999999	0.33432841300999999	0.33322650193999998	0.33213606477000002	0.33105722069999999	0.32999041677000002	0.32893607019999999	0.32789438963	0.32686519622999999	0.32584765553	0.32484012841999998	0.32384032011000002	0.32284504175000001	0.32185050845000002	0.32085245847999999	0.31984624267	0.31882736087000002	0.31779143214	0.31673461199000003	0.31565362214999998	0.31454601884	0.31341022253	0.31224569678000003	0.31105291842999999	0.30983331800000002	0.30858924985000002	0.30732375382999999	0.30604043602999997	0.30474334954999999	0.30343678594000001	0.30185171962000001	16 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.39398851991	0.39036363362999998	0.38723447918999998	0.38449582457999998	0.38209715486000001	0.37998104095000002	0.37807059288	0.37627834082	0.37452089786999998	0.37273150682	0.37086039782000002	0.36887422203999998	0.36675855517	0.36451837419999999	0.36217528582000003	0.35976383090000003	0.35732635856	0.3549130559	0.35258972644999997	0.35045483708000003	0.3486136198	0.34709846973000003	0.34586519002999999	0.34483665227999999	0.34394088386999999	0.34312540292999999	0.34235742687999998	0.34161800145999999	0.34089687467000002	0.34018871187999999	0.33949083089999998	0.33880186081000002	0.33812099694999997	0.33744788170000001	0.33678227662999999	0.33612388372000002	0.33547234534999998	0.33482703567	0.33418712020000002	0.33355140686000001	0.33291840553000002	0.33228629827	0.33165302873000002	0.3310162425	0.33037349581999997	0.32972222566999998	0.32905998825999999	0.32838433980999998	0.32769325376000003	0.32698482275000001	0.32625767588999999	0.32551085949000003	0.32474389671999998	0.3239569068	0.32315012812999999	Length of core (cm)


CO2 moles in Earlsboro oil (mole frac)




Test-5 - Measured Data	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	47	46.5	43	40	38	34.5	34.5	34.5	34.5	34.5	34.5	31	31	26	26	Test-5 - Simulated Data_Rel-perm Modification	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	40.81	40.200000000000003	36.15	35.65	35.270000000000003	34.19	33.299999999999997	33.090000000000003	32.61	32	32	30.19	28.82	28.21	27.8	Test-5 - Simulated Data_No Rel-perm modification	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	50	50	49.966799999999999	49.945799999999998	49.9238	49.847099999999998	49.788899999999998	49.780999999999999	49.75	49.592500000000001	49.592500000000001	48.597499999999997	48.12	48.11	48.11	CO2_OrgData-Simulated	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.985999999999997	49.985999999999997	49.975999999999999	49.96	49.947000000000003	49.935000000000002	CO2_Endpt_Sat_0.28	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	36.270000000000003	35.770000000000003	33.76	33.51	33.33	32.880000000000003	32.44	32.299999999999997	31.98	31.59	31.59	31.27	30.96	30.73	30.64	CO2+Alkali_Endpt_0.25-0.4	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	38.04	37.729999999999997	36.159999999999997	35.97	35.85	35.659999999999997	35.47	35.43	35.21	34.869999999999997	34.869999999999997	30.28	30.28	30.28	30.28	CO2+Alkali_Endpt_0.22-0.37	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	42.51	42.24	40.840000000000003	40.700000000000003	40.590000000000003	40.229999999999997	39.78	39.65	39.409999999999997	39.159999999999997	39.159999999999997	25.74	25.74	25.74	25.74	Test-5 - Observed Data	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	47	46.5	43	40	38	34.5	34.5	34.5	34.5	34.5	34.5	31	31	26	26	CO2_OrgData-Simulated	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.99	49.985999999999997	49.985999999999997	49.975999999999999	49.96	49.947000000000003	49.935000000000002	CO2_Endpt_Sat_0.28	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	36.270000000000003	35.770000000000003	33.76	33.51	33.33	32.880000000000003	32.44	32.299999999999997	31.98	31.59	31.59	31.27	30.96	30.73	30.64	CO2+Alkali_Endpt_0.25-0.4	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	38.04	37.729999999999997	36.159999999999997	35.97	35.85	35.659999999999997	35.47	35.43	35.21	34.869999999999997	34.869999999999997	30.28	30.28	30.28	30.28	CO2+Alkali_Endpt_0.22-0.37	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	42.51	42.24	40.840000000000003	40.700000000000003	40.590000000000003	40.229999999999997	39.78	39.65	39.409999999999997	39.159999999999997	39.159999999999997	25.74	25.74	25.74	25.74	94.26 KJ/gmole 	&	 1.69E09	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	50	50	50	49.999899999999997	49.999899999999997	49.999699999999997	49.999499999999998	49.999400000000001	49.999299999999998	49.999000000000002	49.999000000000002	49.997999999999998	49.996000000000002	49.994	49.993000000000002	73.635KJ/gmole 	&	 1.69E09	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	48.78	47.79	37.49	35.799999999999997	34.85	33.86	33.58	33.450000000000003	29.32	23.12	23.12	11.4	11.11	11.09	11.09	77KJ/gmole 	&	 1.69E09	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	49.99	49.98	46.26	45.36	44.73	43.77	43.48	43.42	41.93	38.44	38.44	25.72	25.3	25.11	25.09	80KJ/gmole 	&	 1.69E09	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	49.997	49.98	49.74	49.45	49.15	48.48	48.01	47.94	47.58	46.07	46.07	37.53	37.14	36.81	36.630000000000003	Endpoint Sat_1	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	42.62	42.38	41.12	40.94	40.78	40.36	40.14	40.1	40.049999999999997	38.86	38.86	38.28	37.692999999999998	37.69	37.69	Endpoint Sat_2	0	0.8	0.9	2	2.2000000000000002	2.4	3.1	4	4.3	5	6	10.988	11.888000000000002	13.187999999999999	14.687999999999999	15.838000000000001	50	38.61	38.119999999999997	35.130000000000003	34.78	34.51	33.729999999999997	33.159999999999997	33.04	32.78	32.31	32.31	30.34	29.3	28.62	28.48	PV Injected

Oil Saturation (%)



2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.67736619711000001	0.69224548340000003	0.70444393157999996	0.71438789368	0.72243762016000002	0.72904485464000002	0.73478108643999995	0.74018388986999994	0.74539881944999997	0.75041562318999999	0.75522196292999999	0.75981384515999995	0.76417791843000005	0.76831531524999996	0.77223467827000003	0.77594810723999996	0.77946823835000001	0.78281879425000001	0.78601115941999999	0.78907686472000005	0.79204088448999999	0.79493349791000001	0.79776614903999998	0.80053693055999997	0.80324721336000005	0.80589562654000002	0.80848240851999997	0.81100630760000003	0.81346803903999998	0.81586664914999996	0.81820571422999999	0.82048469782	0.82270777225000002	0.82487523555999998	0.82699406146999999	0.82906371354999997	0.83109200001000005	0.83307832478999999	0.83503115176999998	0.83694964647000003	0.83884125947999999	0.84071081876999998	0.84255880117000004	0.84438580274999997	0.84619259834000005	0.84797847271000004	0.84974390268	0.85149037837999997	0.85321646928999995	0.85492259264000003	0.85660964251000005	0.85827696323000002	0.85992324352000005	0.86154955625999996	0.86315637827000002	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.46780326962000002	0.47657138109000002	0.48392805456999999	0.49010109900999999	0.49534645677	0.49996381998	0.50427794455999997	0.50858294963999995	0.5130392909	0.51767373085000001	0.52244311571000002	0.52727448939999999	0.53208190203000005	0.53678148984999996	0.54130136966999998	0.54558545350999998	0.54959481955	0.55321443080999999	0.55627542734000002	0.55889928340999995	0.56133729218999995	0.56369674205999998	0.56599521637000005	0.56824374199000005	0.57045269011999999	0.57263159752000004	0.57478857039999998	0.57693058251999996	0.57906371354999997	0.58119285106999996	0.58332204819	0.58545434475000002	0.58759248256999996	0.58973836898999998	0.59189331532	0.59405839442999997	0.59623390436000001	0.59841972589000003	0.60061520337999996	0.60281902552	0.60502952337000004	0.60724437236999995	0.60946094989999999	0.61167651415000002	0.61388832330999998	0.61609375476999995	0.61828988790999995	0.62047404050999999	0.62264329195000001	0.62479478120999998	0.62692576646999998	0.62903368472999999	0.63111644983000004	0.63317179680000002	0.6351981163	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.21253071725	0.21604818106000001	0.21916913986	0.22193719446999999	0.22438992560000001	0.22658631205999999	0.22861582041	0.23058861493999999	0.23260146378999999	0.23472709954000001	0.2370185256	0.23950575292000001	0.24218952656000001	0.24504171312	0.24801069498	0.25103017688000001	0.25402817129999999	0.25689747930000001	0.25945416093000001	0.26134964824000001	0.26256567240000001	0.26374951005000002	0.26491609216000001	0.26607012748999997	0.26721444725999999	0.2683506906	0.26947972178000001	0.27060163021	0.27171617745999999	0.27282285690000002	0.27392101287999998	0.27501031755999999	0.27609083056	0.27716329694000003	0.27822929620999998	0.27929118275999998	0.28035226464000002	0.28141659497999999	0.28248879313000003	0.28357383608999998	0.28467684984000002	0.28580266237000002	0.28695580363000001	0.28814011812000001	0.28935867547999999	0.29061359167	0.29190587997	0.29323551059000003	0.29460129142000002	0.29600104690000001	0.29743173717999999	0.29888963698999998	0.30037042499	0.30186945199999998	0.30369809269999998	16 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.22786943613999999	0.23105508088999999	0.23384088278000001	0.23630657792000001	0.23848748207000001	0.24042822421000001	0.24219389259999999	0.24386209248999999	0.24550904334000001	0.2471973747	0.24897524713999999	0.25087642669999999	0.25291752815000001	0.25509688258000002	0.25739642977999999	0.25978472828999999	0.26222130655999998	0.26465624571000002	0.26702177524999998	0.26921406388000002	0.27111923695000001	0.27269712089999998	0.27398824692000001	0.27506968379000002	0.27601498364999999	0.27687838673999998	0.27769395709	0.27848151325999998	0.27925172448000002	0.28001013398000002	0.28075957297999998	0.28150138259000002	0.28223639726999999	0.28296494484000001	0.28368723392	0.28440347313999997	0.28511404991	0.28581959009000002	0.28652095794999999	0.28721940517	0.2879165709	0.28861445189000001	0.28931531310000003	0.29002180696000002	0.29073661565999998	0.29146274923999999	0.29220294951999998	0.29296004772000001	0.29373654722999998	0.29453462361999999	0.29535600543000001	0.29620203375999998	0.29707339406	0.29797020554999998	0.298892349	Length of core (cm)


Mixture viscosity (cp)




Oil-A Org-Krow	0.2	0.22500000000000001	0.25	0.265625	0.28125	0.296875	0.3125	0.328125	0.34375	0.359375	0.375	0.390625	0.40625	0.421875	0.4375	0.453125	0.46875	0.484375	0.5	0	0	0	3.9062500000000002E-4	1.5625000000000001E-3	3.5156300000000001E-3	6.2500000000000003E-3	9.7656300000000008E-3	1.40625E-2	1.9140600000000001E-2	2.5000000000000001E-2	3.1640599999999998E-2	3.90625E-2	4.7265599999999998E-2	5.6250000000000001E-2	6.6015599999999994E-2	7.6562500000000006E-2	8.7890599999999999E-2	0.1	Oil-A Org-Krw	0.2	0.22500000000000001	0.25	0.265625	0.28125	0.296875	0.3125	0.328125	0.34375	0.359375	0.375	0.390625	0.40625	0.421875	0.4375	0.453125	0.46875	0.484375	0.5	1	0.84027799999999997	0.69444399999999995	0.61035200000000001	0.53168400000000005	0.45844200000000002	0.390625	0.32823400000000003	0.27126699999999998	0.21972700000000001	0.17361099999999999	0.13292100000000001	9.7656300000000001E-2	6.7816799999999997E-2	4.3402799999999998E-2	2.4414100000000001E-2	1.08507E-2	2.7126699999999999E-3	0	Oil-A Mod-Krw	0.2	0.22500000000000001	0.25	0.27843800000000002	0.30687500000000001	0.33531300000000003	0.36375000000000002	0.39218799999999998	0.42062500000000003	0.44906299999999999	0.47749999999999998	0.505938	0.53437500000000004	0.56281300000000001	0.59125000000000005	0.61968800000000002	0.64812499999999995	0.67656300000000003	0.70499999999999996	0	0	0	2.5390600000000001E-3	1.01563E-2	2.28516E-2	4.0625000000000001E-2	6.3476599999999994E-2	9.1406299999999996E-2	0.124414	0.16250000000000001	0.20566400000000001	0.25390600000000002	0.30722699999999997	0.36562499999999998	0.42910199999999998	0.49765599999999999	0.57128900000000005	0.65	Oil-A Mod-Krow	0.2	0.22500000000000001	0.25	0.27843800000000002	0.30687500000000001	0.33531300000000003	0.36375000000000002	0.39218799999999998	0.42062500000000003	0.44906299999999999	0.47749999999999998	0.505938	0.53437500000000004	0.56281300000000001	0.59125000000000005	0.61968800000000002	0.64812499999999995	0.67656300000000003	0.70499999999999996	1	0.90344100000000005	0.81178300000000003	0.71348100000000003	0.62152099999999999	0.53590400000000005	0.45662799999999998	0.38369399999999998	0.31710300000000002	0.256853	0.20294599999999999	0.15537999999999999	0.11415699999999999	7.9275700000000004E-2	5.0736400000000001E-2	2.85393E-2	1.26841E-2	3.17103E-3	0	Sw (frac)


Krow, Krw (frac)




2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.13180832565	0.13053369522	0.12939238548000001	0.12836958468000001	0.12744235992	0.12658835948	0.1257878691	0.12502449751	0.12428538501	0.12356022745	0.12284519523	0.12213324755	0.12142255902	0.12071175128	0.11999992281000001	0.11928661168	0.11857161670999999	0.11785484105000001	0.11713628471	0.11641623825	0.11569414288	0.11496999115000001	0.11424375325	0.11351548135	0.11278586090000001	0.11205390841	0.11131964624	0.11058405042	0.10984616727	0.10910593718	0.10836456715999999	0.10762040317	0.10687498003	0.10612697899	0.10537812858999999	0.10462673753	0.1038724035	0.10311607271000001	0.10235663503	0.10159435868	0.10082942247	0.10006200522	9.9291019142000003E-2	9.8521552979999996E-2	9.7748927772000005E-2	9.6973836421999998E-2	9.6196301280999999E-2	9.5416456460999999E-2	9.4634443521000006E-2	9.3850374222000002E-2	9.3064360321000003E-2	9.2276498674999999E-2	9.1486856340999997E-2	9.0696908534000004E-2	8.9905388653000004E-2	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.23696582019000001	0.23574507236	0.23461715877	0.23359881340999999	0.23267324269	0.23182015120999999	0.23101933299999999	0.23025226593000001	0.22950324416000001	0.22875949740000001	0.22801379859000001	0.22725996374999999	0.22649581730000001	0.22572177649	0.22493998706000001	0.22415371239000001	0.22336694598000001	0.22258386016000001	0.22180850803999999	0.22104462981	0.2202949971	0.21956172585	0.218846187	0.21814908087000001	0.21747072041000001	0.21681034565000001	0.2161667645	0.21553896368	0.21492522955000001	0.21432368457000001	0.21373294294	0.21315099299000001	0.21257644891999999	0.21200759709	0.21144346892999999	0.21088266373	0.21032363175999999	0.20976561308	0.2092076242	0.20864890516000001	0.20808897912999999	0.20752754807000001	0.20696394144999999	0.20639967917999999	0.20583415030999999	0.20526677369999999	0.20469734073000001	0.20412586629000001	0.20355233549999999	0.20297682284999999	0.20239935815000001	0.20182003081	0.20123887062000001	0.20065659285000001	0.20007315278000001	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.40675345063000001	0.40522417426000001	0.40376552938999999	0.40237763523999998	0.40105184913000003	0.39978340268000001	0.39857107401000003	0.39741578698000002	0.39631861448	0.39527893066000003	0.39429461956	0.39335867762999999	0.39246165752000001	0.39159205555999999	0.39073738456000001	0.38988587260000002	0.38902798295000002	0.38815733790000001	0.38727143406999998	0.38637143372999999	0.38546153903000002	0.38454812765000002	0.38363906740999998	0.38274267315999999	0.38186708092999999	0.38101926446000001	0.38020482658999999	0.37942823768	0.37869215012000002	0.37799757718999999	0.37734469771000001	0.37673184275999999	0.37615692616000002	0.37561672926	0.37510809301999998	0.37462705373999999	0.37416940927999998	0.37373155354999998	0.37330982088999998	0.37290087342	0.37250196934000002	0.37211072444999999	0.37172484398	0.37134400010000002	0.37096649407999999	0.37059095502	0.37021648884000002	0.36984249948999998	0.36946859956	0.36909449100000002	0.36871996522	0.36834484339000001	0.36796900630000001	0.36759281158000001	0.36712697148000001	14 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.40755170584	0.40646466612999999	0.40543290973000001	0.40444943308999998	0.40351942182	0.40264073014000001	0.40181276201999999	0.40103504062000001	0.40030699968	0.39962768555	0.39899599551999998	0.39840787648999998	0.39785760641000001	0.39733844995000001	0.39684227108999998	0.39636039734	0.39588490128999998	0.39540901779999998	0.39492768048999999	0.39443799853	0.39393919706000002	0.39343243837000003	0.39292052387999998	0.39240738749999998	0.39189770818000003	0.39139655231999998	0.39090880752000001	0.39043900371000001	0.38999104499999998	0.38956809044000001	0.38917255402000001	0.38880595564999998	0.38846907019999999	0.38816195726000002	0.38788405060999998	0.38763424753999998	0.38741096854000001	0.38721233606	0.38703620434000002	0.38688030838999998	0.38674232364	0.38661986589000003	0.38651075958999997	0.38641285895999999	0.38632431626000002	0.38624343276000001	0.38616874814000002	0.38609901071000002	0.38603311776999999	0.38597014546000002	0.38590925931999998	0.38584977388000002	0.38579121232000002	0.38573309778999998	0.38567468523999998	Length of core (cm)


CO2 moles in DeepStar oil (mole frac)




2 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.15361374617000001	0.15267801284999999	0.15171928704000001	0.15076956153000001	0.14981073141000001	0.14886140822999999	0.14791378379	0.14696556329999999	0.14600880444	0.14505732059000001	0.14411008357999999	0.14316385983999999	0.14221711457	0.14126943051999999	0.14032073318999999	0.13937100767999999	0.13841532171000001	0.13745799660999999	0.13650219142	0.13554763793999999	0.13459287583999999	0.13363671302999999	0.13267526030999999	0.13170969486	0.13074271380999999	0.12977534533000001	0.12880718708	0.12783740461000001	0.12686532736	0.1258905977	0.12491305917999999	0.12393272667999999	0.12294966726999999	0.12196398526	0.12097579986	0.11998522282	0.11899238080000001	0.11799738556	0.11700035632	0.11600139737	0.11499901861	0.11399222165	0.11298201978	0.11197042465	0.11095907538999999	0.1099486351	0.10893897712	0.10792962462	0.10692007839999999	0.10590995103	0.10489903389999999	0.10388723761	0.10287456214	0.10186105222	0.10084678978	6 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.27004319429000001	0.26956379413999998	0.26901298760999998	0.26844796537999999	0.26786312461	0.26727125049	0.26667037605999999	0.26605951785999998	0.26543495059	0.26480367780000003	0.26416683197000002	0.26352703571000002	0.26288503408000002	0.26222696899999998	0.26156982779999999	0.26090845466000001	0.26024001836999999	0.25956574082	0.25888782739999999	0.25820749997999998	0.25752481818	0.25683930515999998	0.25614953040999999	0.25545486808000001	0.25475597381999998	0.25405389071000001	0.25334918498999998	0.25264191627999999	0.25193181634	0.25121861695999997	0.25050213932999998	0.24978224933000001	0.24905899167000001	0.24833238125000001	0.24760255217999999	0.24686956405999999	0.24613355100000001	0.24539463221999999	0.24465286731999999	0.24390840529999999	0.24316109717000001	0.24241058528000001	0.24165643751999999	0.24089890718000001	0.24013875425	0.23937655985	0.23861294985000001	0.23784831166000001	0.23708277941	0.23631624876999999	0.23554851115	0.23477938771000001	0.23400871456	0.23323640227	0.23246242106000001	11 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.49836403131000001	0.49794086813999999	0.49750012159000001	0.49706685543000001	0.49663314222999999	0.49620273709000001	0.49577224255000002	0.49533951282999999	0.49490132928000002	0.49446082115000001	0.49401807785000001	0.49357417226	0.49312931299000001	0.49267551303000001	0.4922221899	0.49176630378000002	0.49130630492999999	0.49084272980999999	0.49037685990000002	0.48990929126999999	0.48944011330999998	0.48896896838999998	0.48849511147000002	0.48801815510000002	0.48753845691999997	0.48705661297000002	0.48657289146999999	0.48608738184	0.48559990525000002	0.48511028290000002	0.48461845517000002	0.48412427306	0.48362782597999998	0.48312908411	0.48262813687	0.48212498426	0.48161968588999998	0.48111230134999999	0.48060289025000003	0.48009151220000001	0.47957804798999998	0.47906225920000001	0.47854393720999999	0.47802317142	0.47750037908999998	0.47697582841000002	0.47644984722	0.47592261433999999	0.47539415955999997	0.47486436367000001	0.47433307766999999	0.47380006313	0.47326520085000001	0.47272834182000001	0.47171440721000002	14 PV Inj	0	0.25000011920999998	0.49999988079000002	0.74999982118999997	1	1.2499998807999999	1.4999998807999999	1.75	2	2.25	2.4999997615999998	2.7499997615999998	3	3.25	3.4999995232000001	3.7499997615999998	4	4.25	4.5	4.75	4.9999995231999996	5.25	5.5	5.7499995231999996	6	6.25	6.5	6.7499995231999996	7	7.25	7.4999995231999996	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.499999045999999	11.75	12	12.25	12.5	12.75	13	13.249999045999999	13.500000954000001	0.49479109048999997	0.49127796291999998	0.49213662743999997	0.49235090612999999	0.49240607022999999	0.49241414666	0.49239906669	0.49237507582000001	0.49234172702000001	0.49230152369000002	0.49225649238000002	0.49220764636999997	0.49215698242	0.49210292101000003	0.49204578995999998	0.49198612571	0.49192383885000002	0.49185636640000002	0.49178785085999999	0.49171778560000001	0.49164754152000001	0.49157395959	0.49149802326999997	0.49142012000000002	0.49134016037	0.49125817418000001	0.49117419124	0.49108833075000002	0.49100068211999998	0.49091139435999998	0.49081972240999999	0.49072673916999998	0.49063262343000003	0.49053716660000002	0.49044024943999998	0.49034181237000002	0.49024325609000002	0.49014276266000001	0.49004033207999997	0.48993632196999998	0.48983088136000003	0.48971980809999999	0.48960936069	0.48949924110999998	0.48938867450000001	0.48928013444000001	0.48916891217000003	0.4890550971	0.48893943428999997	0.48882243037000001	0.48870432377	0.48858523369000001	0.48846521974000001	0.48834425210999999	0.48821988702000002	Length of core (cm)
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