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CHAPTER 1: INTRODUCTION 

1.1 Background of Study 

An equation of state (EOS) is an analytical expression relating the pressure P to 

the temperature T and the volume V. A proper description of this PVT relationship for 

real hydrocarbon fluids is essential in determining the volumetric and phase behavior of 

petroleum reservoir fluids and in predicting the performance of surface separation 

facilities. 

The best known and the simplest example of an equation of state is the ideal gas 

equation, expressed mathematically by the expression: P = RTN, where V =gas volume 

in cubic feet per 1 mol of gas. This PVT relationship is only used to describe the 

volumetric behavior of real hydrocarbon gases at pressures close to the atmospheric 

pressure for which it was experimentally derived [IJ. The extreme limitations of the 

applicability of this equation prompted numerous attempts to develop an equation of 

state (EOS) suitable for describing the behavior of real fluids at extended ranges of 

pressures and temperatures. 

Currently there are 4 EOS that engineers commonly use to predict reservoir 

fluids behaviour. 

They are: 

1. Redlich-Kwong (RK) 

2. Soave-Redlich-Kwong (SRK) 

3. Peng-Robinson (PR) 

4. Zudkevitch-Joffe (ZJ) 

The equations of state listed above are implemented using the formulation presented 
by Martin, and Coats[21. 

The equation of state for a real fluid is: 
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PV = nRTZ 

Where is P the pressure, V the volume, n the number of moles, R the universal 

gas constant, T the temperature and z is obtained from the solution of the cubic equation: 

With 

And 

The coefficients m 1 and m2 depend upon the equation used. 

MnemoniC EquatiOn of state n·, value n" value 

RK Redlich-Kwong 0 
r---------1-----'---------+----------------------
SRK Soave-Redlich-Kwong 0 
-------+-- ----------
ZJ Zudkevitch-Joffe I 0 I ------------------ ·-------------1---------------J.:::. _______________________ _ 
PR Peng~Rob:iuson 1 + .. ./2 l1- .. ,/2 

1 

1 

Table 1.0 EOS coefficients 

The cubic equation for the z -factors may be solved to obtain z -factors for liquid 

and vapor phases. Generally three solutions are obtained. The distinction between the 

liquid and vapor phase is then made by choosing the smallest root as the z -factor for the 

liquid phase and the largest root as the z -factor for the vapor phase. 

8 



Fugacity coefficients are calculated using: 

l (ki = -ln(Z-Bl+ A [2S;_B,JlnrZ+m2B)]+B;(Z-1l 
pn,pxf"' · ·· (mJ-ml)B .4 B L(Z + 111tB) B 

where 

" 

j=l 

and kjk are binary interaction coefficients, normally between hydrocarbons and 

nonhydrocarbons. These four equations express the mixing laws used in all the equations 

ofstate. The variables Aj and Bj are defined by the following equations: 

A _ n (I: ·)frl 
j- H_.j •) _2. 

1;1 

and 

n.-~(T,j) and Os(T.j) are functions of acentric factor and reduced temperature. 



For Redlich-Kwong 

For Soave-Redlich-Kwong 

For Zudkevitch-Joffe 

For Peng-Robinson 

t L, 1 

!!A(TJI = QA0[1 + (037464 + 1.54226ror 0.2669co] II, 1- T.:;j] 

RK, SRK, ZJ 0.4274802 0.086640350 
-----------·--··--- ----------· -----------------······ 

PR 0.457235529 0.077796074 

TalJ/e 1.1 EOS constant 

1(} 



The traditional weakness of the so-called two-parameter equation of state, such 

as the Peng- Robinson, Redlich-Kwong, etc., above, is their poor prediction of liquid 

properties, especially liquid densities and saturations. Peneloux et a!, proposed a molar 

volume correction for the SRK Equation of State, which is also applicable to any cubic 

Equation of State [31. This technique, referred to as volume translation, adds a third 

parameter to the Equation of State, which greatly improves liquid properties estimations. 

1.2 Problem Statement 

PVT properties such as oil bubble point pressure, oil formation volume factor, 

solution gas-oil ratio, gas formation volume factor, and gas and oil viscosities are 

required for reservoir studies. However, they are not always available or only an 

incomplete data set may be available. Hence, engineers have to use either an equation of 

state (EOS) method or a set of correlations to complete the data set to conduct the 

particular study. The goal of PVT analysis is to provide a tuned Equation of State that 

can model the reservoir fluid in simulations. The selection of regression parameters is 

crucial in determining the quality of the tuned fluid model. The use of EOS is for 

characterizing the reservoir a set of fluid samples for further use for studies and 

simulation software. 

The problem arises as engineers need to choose the right EOS to tune the 

calculated results to match with the measured results done in laboratory. Each EOS has 

its own characters and cannot be applied to all fluid samples especially composition 

reservoir model that required to perform the analysis. Wrong selection of EOS may 

resulted incorrect oil recovery when simulation was done to predict the oil recovery. In 

this studies, different PVT fluid model are created to compare what are the effects to the 

oil recovery when the simulation works is done. The expected result is the most common 

EOS used which is Peng - Robinson will give the most accurate result for the oil 

recovery. 
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1.3 Objective and Scope of Study 

The ultimate purpose of this project is to study the effect of different EOS used 

during the PVT analysis to the oil recovery. In order to complete the study, following 

objectives are expected to be achieved: 

t. To study the characteristic of different EOS 

ii. To perform PVT analysis using PVTi 

iii. To simulate composition reservoir model using ECLIPSE 300 

iv. To perform analysis on oil recovery based on different EOS used 

v. To measure the effectiveness of selected EOS used for the 

simulation 

The scope of study will evolve around building a complete PVT fluid model as 

the input for reservoir simulation. The mechanisms of different EOS regression 

technique will he studied from the previous works by other researchers. The study also 

covers the approaches that have been applied in tuning the laboratory data to act 

similarly with the model predictions by the EOS. Last but not least, the influence of 

different EOS to the hydrocarbon recovery will be measured and observed through 

reservoir simulation results later on. 

1.4 The Relevancy of the Project 

This project is relevance to all petroleum engineers especially reservoir engineers 

since the major simulation tasks is to perform data gathering and one of them is PVT 

analysis. Without the knowledge of EOS usage, the simulation tasks may gave incorrect 

result due to wrong selection ofEOS during PVT analysis. 
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1.5 Feasibility of the Project within the Scope and Time frame 

This research is feasible to be conducted through reservoir simulation lab 

available in Petroleum Engineering Department. The scope of study will be mainly on 

EOS and PVT analysis as data input for the simulation on oil recovery. This research is 

feasible to be conducted within the given time frame due to following factors: 

1. Availability of reservoir data 

The study requires several reservoir data such as laboratory fluid data, reservoir 

grid 

data and reservoir core samples data. 

2. Availability of softwares 

The required softwares for this study are PVTi and E300 by Schlumberger 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Representative Sample Collections 

The accuracy of any EOS model depends on the quality of the laboratory PVT 

data and procedures used to obtain the EOS parameters. The value of the PVT data 

depends on the quality of the fluid samples. They must be representative of the reservoir 

fluid. Three common methods are used to sample the reservoir fluids 141. 

Downhole Sampling : A sample collector with a capacity of several hundred cubic 

centimeters is used to obtain a fluid sample from within the wellbore. The downhole 

flowing pressure at the sampling point must be greater than the saturation pressure of the 

fluid so that the sample is a single phase. At least three fluid samples should be collected 

to determine the appropriate fluid sample for the PVT measurements. 

Wellhead Sampling : A fluid sample can be collected directly from the wellhead. The 

fluid needs to be in the single-phase region at wellhead flowing conditions. Normally, 

the sample needs to be taken at a pressure of at least I 00 psi greater than the bubble 

point to be valid. Again, taking multiple samples is recommended. 

Separator Sampling : A fluid sample is obtained by recombining the gas and liquid 

taken at a surface separator at the measured gas/oil ratio (GOR). Usually, GOR's are 

measured at stock-tank conditions and need to be corrected to separator conditions to be 

consistent with the gas and liquid collected. The separator gas and liquid sometimes are 

recombined to a known reservoir bubble point pressure rather than to the measured GOR. 

Because of difficulties associated with the accurate measurement of GOR, the 

downhole or wellhead sampling approach for oil reservoirs is recommended when 

conditions are favorable. When large volumes of oil are required for slim-tube or 

coreflood experiments, separator sampling may be the only practical alternative. 
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However, for gas condensates, the separator-sampling approach is recommended 

because liquid condensation can occur in the wellbore during the well cleanup, even 

though the reservoir pressure remains greater than the dew point pressure. The sampling 

well needs to produce fluid steadily for a long enough period of time and at a rate 

sufficiently high to carry any condensate in the wellbore to the surface. 

2.2 Laboratory PVT Experiments 

The appropriate PVT experiments are related closely to the processes 

implemented in the field. The primary purpose of conducting PVT experiments is to 

generate reliable fluid properties for use in reservoir simulation and the evaluation of the 

fluid properties. The most commonly available PVT experiments are the following : 

• Constant-mass expansion (CME) : A series of volume measurements 

performed on the reservoir fluid at different pressures starting at the saturation 

pressure. CME approximates the behavior of black oil and some volatile oil 

reservoirs. It is used to measure the fluid volume and compressibility over a 

range of pressures from above the initial reservoir pressure to pressures below 

the anticipated separator pressures at a constant temperature (usually reservoir 

temperature). The gas and the liquid phases below the bubble point will stay in 

equilibrium with the liquid throughout the procedure. This test it is non­

destructive. 

For black oils and volatile oils it is also used to determine the saturation pressure 

at reservoir conditions. The Pressure and Volume values are plotted. For black 

oil or a volatile oil, the transition from single to a two-phase system is easily 

determined from the plot. For gas condensates the separation of the liquid phase 

must be determined visually. The CME experiment may also be carried out at 
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other temperatures in addition to the reservoir temperature. The data resulted 

from the experiment are saturation pressures, relative volumes, compressibility, 

density at various pressures and reservoir temperature. 

• Differential liberation (DL) : Approximation of fluid-property changes with 

pressure for oil during a natural depletion. This analysis is carried out at reservoir 

temperature to simulate the volumetric and compositional changes in the 

reservoir during production. The fluid is charged to a cell at reservoir conditions 

and is expanded stepwise down to atmospheric conditions, with the gas liberated 

at every step, to simulate the differential mechanism of reservoirs producing oil. 

The use of PVT cell and the embedded camera allows the operator to control 

visually the displacement of the gas right to the oil meniscus. Gas volumes, 

compositions, liquid volume are measured at each step. The oil remaining at 

reservoir temperature and 0 psig is the residual oil. The residual oil ambient 

properties (mole weight, density and composition) are subsequently measured. 

The final data include GOR, Relative Oil Volume, FVF, gas gravity, gas 

compressibility factor and liquid density. 

• Constant-volume depletion (CVD): Approximation of gas/condensate 

depletion when condensate is immobile. This experiment approximates the 

behavior of gas condensates fluids. The analysis is carried out for gas condensate 

and sometimes also for volatile oils, considering the large amount of gas 

produced and the significant liquid shrinkage. The sample from the previous 

constant mass expansion is depressurized to the dew point with the volume 

measured at dew point. Then the pressure is reduced stepwise with the gas 

removed until the depressurized sample volumes returns to the volume at dew 

point. 
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At each pressure step, the removed gas and the condensate volume and Z are 

measured together with the liquid buildup volume in the cell. The fluid produced 

at each stage can be converted into moles and is used to calculate the fluid 

remaining in the cell. The fmal data include the retrograde liquid volume, fluid 

compositions for every stage, Z, gas viscosity and fluid density. 

• Separator test : A series of flashes with the liquid from one flash becoming the 

feed for the next flash at different conditions. A reservoir fluid is flashed at 

various pressures and temperatures to simulate the well surface conditions: 

separator and stock tank. Separator tests are used to predict optimum separator 

conditions. The fluid at working pressure is charged to the cell or separator unit, 

and then the pressure and temperature are adjusted to the conditions of the first 

stage. Once the sample is stable, the gas is removed from the cell. The gas and 

oil volume remaining in the cell, cell and ambient temperatures and pressures are 

recorded. The gas composition is measured. The process is repeated at the 

conditions of the subsequent stages. The last stage reproduces stock tank 

conditions and the residue of the composition is measured as well. 

• Swelling test : Measurement of oil-property variation with the amount of 

injection gas added. These properties might include saturation pressure, oil­

volume expansion, 

oil viscosity, and oil density. 

• Multicontact test (forward and backward): Simulation of the dynamic phase 

behavior during a gas-injection process. The forward process mimics the mixing 

of rich gas at the gas front with the original oil. The backward process mimics 

the continuous contact of the injected gas with the oil left behind the gas front. 

The experimental data include interfacial tension (IFT), viscosity, and gas and oil 

composition at each contact. The minimum miscibility pressure (MMP) might 

also be determined from such a test. 
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• Slim-tube test : A dynamic phase-behavior test where the injection gas displaces 

oil from uniform sand or glass beads packed in a small-diameter tube to 

minimize non- ideal effects such as fingering. The MMP is determined from the 

recovery curve. The effiuent composition vs.pressure is provided also. 

Fluid density, molecular weight (MW), 1FT, and viscosity are measured in some 

of the above experiments. Often, the composition (component mole fractions) of the 

sample fluid is obtained from the compositions of gas and liquid at standard conditions 

weighted by the GOR. The composition of gas is measured by use of a gas 

chromatograph. The measurements for oils often provide mass fraction rather than mole 

fraction. To convert these measurements into mole fractions, the molecular weight of 

each fraction must be used, which can be measured or computed from a correlation. 

For gas condensates, the mole fractions of components up to at least Cll should 

be measured because the component mole fractions often increase with carbon number 

for components up to Cll. For oil reservoirs with a potential for solvent injection, 

extended compositional analysis might be needed for components up to C30 or even 

heavier 151. Mass transfer of these components between the gas and oil dominates the 

displacement characteristics of miscible or near-miscible floods. 

Data from these experiments can be used as input for a black-oil model or to 

calibrate an EOS for a compositional model. Depending on the simulation model and the 

field development, only some of these experiments are needed. For a waterflood, the 

CME, differential liberation, and separator tests are adequate. For gas/condensate 

reservoirs, CME, CVD, and separator-test data are adequate 161. These experiments 

describe the fluid-property change during pressure depletion. For solvent injection, data 

from the swelling test also are needed. For miscible or near-miscible processes, 

multicontact and slim-tube tests are needed. 
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2.1 Developing PVT Fluid Model 

Usually, petroleum-reservoir fluids contain several hundred distinct components, 

which make it impossible to model the fluids rigorously as a mixture of these pure 

components. Therefore, "pseudocomponents" are used in EOS models, especially for the 

heavier components. During simulations with an EOS compositional model, two 

families of chemical compounds represent a reservoir fluid: individual chemical 

compounds with well-defined physical properties and several groups of heavy 

components (pseudocomponents) that are identified by use of a single carbon number. 

An EOS requires the critical temperature (Tc), critical pressure (Pc), and acentric 

factor (OJ) for each component. However, the physical properties available for the heavy 

groups usually are only the mole fraction, MW, and specific gravity (SG). The critical 

properties of the heavy pseudocomponents are difficult, if not impossible, to obtain 

experimentally. A practical number of components to use in large compositional 

reservoir simulations typically are between 6 and 15. The following are steps usually 

involves to construct the PVT fluid model based on EOS : 

I. Develop pseudocomponents for the heavy fraction. 

• Split the heavy fraction into many pseudocomponents by use of a distribution 

jUnction that honors the measured MW and SG £71. The MW and SG of each split 

pseudocomponent are obtained. 

• Estimate the Tc, Pc, and OJ for these split pseudocomponents by use of an 

empirical correlation [BJ 

• Lump these split pseudocomponents into a few groups. 

• Compute the Tc, Pc, and OJ for these lumped groups by use of mixing rules. 

2. Validate this EOS model against experimental PVT data and determine if tuning of 

the EOS parameters is needed. 

3. Tune the EOS parameters. 

19 



• Select suitable experimental data to tune the EOS. 

• Choose the acijustable EOS parameters that will be used to match these data. 

• Perform tuning by use of an optimization technique. 

4. Evaluatethe predictive capability of this EOS model. 

2.4 Number of Pseudocomponents 

The following guidelines can be used to select the number of pseudocomponent : 

I. At least two, often three or more, pseudocomponents are needed for the C7+ 

fraction. Also, the intermediate components between C2 and C6 can be grouped 

into two pseudocomponents unless surface separation requires detailed 

knowledge about them. 

2. To adequately describe mass transfer between phases for vaporized- and 

condensed-gas drives and their combined processes, more intermediate 

components (C5 through CIS) may be required 191. 

A recent practice in the industry [!OJ is to start with more components (e.g., 15 to 20), 

then successively reduce the number of components until the EOS loses its acceptable 

representation of the measured PVT data. Often, this process requires extended analysis 

of fluid composition during the laboratory tests and targets complicated solvent-injection 

displacements. Figs. 1 and 2 show typical effects of the number of components on phase 

envelope and liquid dropout of gas condensates. 
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2.4 Tuning EOS Parameters 

As discussed in the previous section, a link is needed between the measurable 

properties, such as MW and SG, and the EOS parameters, such as Tc, Pc, and w for the 

heavy groups. Often, such a link is provided in the form of empirical correlations, which 

inevitably involve some uncertainties. 

Additionally, the well-defmed compounds used to generalize the parameters of 

the original cubic EOS are usually lighter than Cl5 [1J1. Extension of the EOS to heavier 

components existing in the petroleum fluids relies on the extrapolation of the EOS 

parameters. The vapor pressure and the conditions at the critical point have been used to 

develop two-parameter cubic EOS's, while the volumetric properties typically are not 

used. As a result, a fixed critical compressibility factor (0.303 for the Peng-Robinson 

EOS and 0.333 for the Soave EOS) is used 1121• Therefore, these EOS's are not expected 

to provide accurate estimates of density, especially for the liquid phase or when a large 

fraction of heavy components is in the mixture. To improve the accuracy of the liquid­

density predictions, a volume-shift parameter was added to two-parameter cubic EOS 's 

113• 141• Three-parameter cubic EOS's, such as that developed by Patel and Teja 1151 also 

can be used to improve volumetric accuracy, but these EOS's commonly are not used in 

reservoir simulators. 

Tuning the heavy-group properties that relate to EOS parameters requires the following: 

• Selection of tuning parameters and the ranges in which the selected parameters 

may vary. 

• Selection of experimental data for matching the tuned EOS parameters. 

• Judgment regarding the predictive capability of the tuned EOS model. 
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2.5 Relationship between EOS-PVT and Compositional Simulation 

Reservoir simulators are built on the basis of mass or molar balances of each 

component. Such a balance is assumed at any moment during the fluid flow. Because 

different phases flow at different velocities in the direction that leads to a decrease in the 

flow potential of each phase, the equilibrium between phases changes with time [41 . To 

achieve this new equilibrium, mass transfer of these components between phases needs 

to take place constantly. An EOS is used to solve this equilibrium part of the equations 

governing the multiphase and multicomponent flow at a given pressure and overall 

composition. After the solution of the equilibrium equations is reached, the EOS 

provides the number of phases, phase molar and mass densities, phase saturations, and 

the composition of each phase. Subsequently, phase viscosities and interfacial tension 

between phases can be determined by use of correlations. 

2.6 Future development in EOS 

It is worth noting that many improved EOS's have been developed in recent 

years. Orbey and Sandler [161 discuss and illustrate some of these developments. In 

particular, they show how liquid-activity-coefficient models can be used with new 

mixing rules in the EOS formalism. Such models greatly improve the accuracy of 

calculations for mixtures containing polar components, such as water, as well as greatly 

increase the predictive power of the EOS [171
• These new mixing rules can be combined 

easily with familiar cubic EOS's, such as the Peng-Robinson EOS. Software for 

volumetric and phase-behavior calculations that use the Wong-Sandler approach are 

readily available, It seems likely that such improvements will gradually be incorporated 

into at least some compositional reservoir simulators. 
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CHAPTER3:METHODOLOGY 

3.1 Research Methodology 

1. Identify Equation of State that available in PVT analysis software 

2. Study and understand the concept ofEOS and its behaviour 

3. Understand the concept of PVT analysis and its usage in reservoir 

simulation 

4. Evaluate the effect of different EOS used to the oil recovery in reservoir 

simulation 

S. Create a reservoir simulation model to be used for EOS analysis 

6. Simulate the reservoir simulation model using different EOS 

7. Identify the effect of EOS characterization towards oil recovery 

3.2 Key Milestone 

No. Activities Date/Week 

I. Gathering information Wl-W2 

2. Simulation W3-WS 

3. Result interpretation and data analysis W6-W8 

4. Submission of progress report W8 

s. Pre EDX, seminar, poster exhibition and submission Wll 
offmal report 

6. Engineering design exhibition Wl2 

7. Final oral presentation Wl3 

8. Evaluation by external examiners Wl4 

9. Submission of hardbound copies of report Wl6 
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3.3 Procedure Identification 

Final Year Project I 

Literature review 

Data gathering 

NO 

Data selection and analysis 

Final Year Project II 

Finalised data 

PVT analysis 

Simulation results 

Progress report 

Final report 

25 



3.4 Gantt Chart 

3 
interpretation 

and data 

4 

seminar, poster 
5 exhibition and 

submission of 

6 

Final oral 
7 

presentation 

8 external 

of 
9 hardbound 

3.5 T{)(J/s (eg. Equipment, hardware, etc.) required. 

Several tools especially softwares are required for the project : 

l. PVTi software - PVTi is a compositional PVT equation-of-state based program used 

for characterizing a set of fluid samples for use in our ECLIPSE simulators. 

2. ECLIPSE E300 - The ECLIPSE Compositional simulator is useful when an equation 

of state is required to describe reservoir fluid phase behavior or compositional changes 

associated with depth. 
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CHAPTER 4 : RESULTS AND DISCUSSION 

The following discussion is by no means a comprehensive study of the different 

Equation of State (EOS) such as splitting, lumping and regression techniques as applied 

to complex multicomponent hydrocarbon systems using PVTi. Rather, the predictive 

capabilities of selected equations have been tested and documented when used to predict 

PVT system of oil fluids. 

4.1 Data Availability 

For this study, the input data are obtained from the PVT lab data of real reservoir 

fluid studies. From the composition, the fluid is identify to be black oil with reservoir 

temperature of 194 °F and bubble point of3300 psig. For the experiments data, 3 

experiments were performed to the fluid which were Constant Composition Expansion 

(CCE), Differential Vaporisation Test (DV) and Viscosity Test. Composition from 

separator gas and separator oil are recombined at Gas Oil Ratio (GOR) of I 042 scf/bbl 

and 899 scf/bbl. The dynamic model used in this study is compositional model with 231 

MMstb of Stock Tank Oil In Place (STOUP). 

4.2 Data Input 

The recombined composition at wellstream of GOR = 899 scf/bbl was selected 

for further analysis since the reported GOR of the real reservoir is 900 scf!bbl. In the 

fundamentals section ofPVTi, only eleven components are considered to be the input 

for this study given limited data availability. Besides compositions at the recombined 

well stream, the data from CCE and DV experiments are also be the data input in the 

PVTi for further studies. Equation of State (EOS) of3-Parameter Peng-Robinson (PR3) 

is used for this initial phase. Later, several EOS will be used to compare the results. 

27 



• fundamental> I= @]~' 

~c--o ~ Zl Wettt flatllan ""'Wflllh. SoecG!My ....... t->ort) 

1 N2 0Jl81 0.033852 . 
2 C02 0.368 0.24162 -
3 C1 4{;755 11191 
~C2 5408 2.4261 
SC3 6.222 4.1)933 

GIC4 1551 1.3449 
7 NC-4 2.074 2.3187 
8 cs 1.443 15533 

9 NC5 1339 14413 
10 C6 2.091 nm 
11 C7• 31408 71911' 15333 07&1 
12 
13 
1~ 

15 
1& 
17 

18 . 
4 I • 

Mole haciJan tcQI 100 pen:ert 13 
I &tor......,..--- I 

OK ~ c.1CII ..,_, 
- -

Figure 3.0 Composition input in PVTifundamental window 

"'"" --1 -Yd . 
1 SD1H U7• 
2 051<.7 0.982 
3 4111<7 om 
• 3"147 0.9!19 
5 331<7 1 
63210 1009 
7 31147 1019 
83010 103 
9 291• 7 10.3 

10 27117 1073 
11 251.7 111 
12 2310 1158 
13 19117 13112 
'"1510 1563 
15 111<7 2099 'I 
16 
I 

18 
19 
20 
21 . 

• • ---d-•49 .. - .......... ~ 

Figure 4.0 CCE experiment input in PVTi 

28 



. ... .,.,.,Ermy 
\. I~ 

I= ' IID~· 

1 =-~e-LDt1 r 
Gor-.111 I ,_,_. ~ 

I 

Flow "'-"''*"> !.bid dono~)< '"" "3) 
GoeOI Rollo (Mod lid>) Geo~ Geo FVF lb illldl ~ ,l 

I 5014.7 4Q.2fi6 1433 0 ~ II 2 4514 7 39.954 U33 0 
3 4014 7 39.642 1433 0 I 4 3414 7 39:lfil 1433 0 
5 3314 7 39.21l5 1433 0 I 

11 
6 3014 7 40516 1.332 om !1.89(5 

I 
7 71/!i17 ~_1577 1.31 om llllillli I a 23141 43.325 lli2S 0695 1.2468 
9 1914 7 44636 0.!16 065 14249 

10 14367 46 197 0 672 0.132 1.95!12 
11 914.7 47071 0.5116 0.712 3384 
12 4147 48.132 0303 0791 7.6586 
13 114.7 48756 0.151 1.07! 28.141 
14 147 48881 0 1 BS7 0 

15 
16 
17 
I! . 

• • 
........ ~d-•48.llf'lf __ .. be9111Nd 

<Bad< -· a... ... J 

Figure 5.0 DL experiment input in PVTi 

• Experi"1ceel: Entry l = I @I -.a..! 
- -

Add 

Cek:UIItion d ICiilr.*Jn ~for a~~: PSAT1 

Genen!l !~ II 
Raw Sal..~-) ... I 

1 3314.7 - ~ 
2 

II 3 
4 

5 

.... 
• I • 

MBxnun rurber d rows • 1. rry addlxlnlllrows wl be Ignored j 
< ll;w:k l Next ) Oase ~ l 

-

Figure 6. 0 Saturation pressure input in PVTi 

29 



4.3 Splitting and Grouping 

Many people have invested a lot of time and effort to obtain fluid samples, and 

analyze them to determine their PVT behaviour. Unfortunately, the way the data is 

presented to us in a laboratory report is not always suitable for use in an EOS model. 

Two additional steps must often be performed - splitting the residual hydrocarbon plus 

fraction and grouping with similar hydrocarbons. 

There are basically three reasons why splitting should be done : insufficient 

description for heavier hydrocarbons reduces the accuracy of PVT predictions, 

condensate and volatile oils are particularly sensitive to plus fraction composition and 

properties, laboratories tend to give very limited analysis to the plus fraction. 

For this study, Whitson splitting technique was used in order to split the plus 

fraction into sub-fractions. Graphs below shows fingerprint plot for the sample before 

and after splitting. Notice the difference in pJus fractions where the moJe percent of the 

composition is decreasing towards the plus fractions. 
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The main reason for grouping components is to reduce computing time of a 

compositional simulator. This time increases rapidly with an increasing number of 

components. As example, for large number of components, the computing time needed 

to solve the flash equations may be as the time needed to solve the flow equations. Also, 

if there are Nc hydrocarbon components, the number of equations to be solved per grid 

block is Nc + 2. It shows that more equations will need more time. In most cases, 

between 4 and 10 components should be enough to describe a compositional simulation 

process. 

The main issue for grouping is to group components with similar molecular 

weights. For example, C7 should rather group with C8 rather than with C2, as properties 

of C7 and C8 expected to be similar, while the properties of C7 and C2 would be very 

different. An exception to this rule is that N2 is usually added to C I and C02 is usually 

added to C2. The reasons why we group the components based on their molecular 

weight is because the components are expected to have similar properties. Hydrocarbon 

molecules with similar molecular weights will have similar properties, but this will not 

apply to non-hydrocarbon molecules such as N2 or C02. 

Figures below show comparison of before and after grouping process to the 

components. Notice the differences of the components after the grouping and the 

similarity of the phase diagrams. 

32 



• - .::..!2. . L 

Raw c-.u Zl Wedt.,_, Nolw.tt SoocGwwtt .,......, ..,..., 
1 X2· 0081 0033852 
2 )(). 0361 0.2.162 
3 1· 40755 nm 
•P· 151155 101113 0.115 0567•5 
5fe5+ s•7.l '3liiJ .,..,m 0 li53'3 

'C9+ 242!11 45 ... 3 125113 0 "171113 
7 17· 6.5113 22.215 121611 0111~ 

·~ 0.74932 • 32liO 317.03 019U5 
9 

1C 
11 

12 
13 

u 
15 

• J 

Wolo--. ..... 100 11M*« 8 
(&w""''tc--. 1 

OK ~ c:.nc.l Hob 

J- - --- - - - -· -- -

Figure I 0. 0 Composition after grouping 

Phase PIOC Slrrc*' ZI.ZI 
~lie- ..... 
-ee-ZJ~h 

........ ZJ ..... 

...... ll ~- '--'-o. .. (W-1 . 
- ca' _.._, 

ltmpoo-at .... r 

Figure II Phase diagram after grouping 

+ 
t: 
r-

. 
• 

I 

--~ 

33 



4.4 Regression 

Since the simple bubble point experiment had been defined, we need to compare 

the experimental value with the calculated value from PVTi based on the EOS. The 

comparison was poor to start with but changing the properties of the C?+ will give a 

better results. The equation of state model may be tuned by regression. The critical state 

data, Omega A and Omega B values, interaction coefficients, and volume shift 

parameters (for the three-parameter volume shift equations of state), may be matched to 

experimental data from the experiments mentioned in the previous paragraph. 

Additionally, depending on the use of certain facilities and options, five special 

regression parameters are also available. These are the A coefficient in the Cheuh­

Prausnitz Bids, the thermal expansion coefficient in the modified Peneloux et al. volume 

shift method, and three variables associated with the Modified Whitson splitting 

technique (denoted Semi-Continuous-Thermodynamics), being the mole weight and 

distribution skewness parameter (on a sample-by-sample basis) and the characterization 

factor of the plus fraction. 

Before regression 

CCE1: Relative val. 

0 , 
• ·' 0 • ~ 

1.50 

-"­LJIJ~I'd 

1.25 

Pres5vre p:~io 

Figure 12 Relative volume before regression 

34 



Dlt Liquid density 
-t:akliilmd 
00 -· 

48 

46 

.. 
:> 
~ ., 
!'! 

~ 40 'ii 
' • ~ 
"' 38 , 
u 
::l 

36 

DL1: Gas-Oil Ratio 
--+-+- Calcl;~ted 

DO """''" 
1_75 

1.50 

1.25 

:;; 
D -.... 
~ 
u 

UJO 
• 
" _o 

0.75 0 
'" 6 
I 0.50 ll 

0.25 

. 

1000 
Pressure p$io 

Figure 13 Liquid density before regression 

1000 2000 
Preggure pslo 

Figure 14 Gas-Oil ratio before regression 

4()00 5000 

35 



DL1 . Gas FVF 

200-

~ 
(J 

" :::1 100-' ~ -
~ .. -
0 

0 

-

100o 2000 sooo' 
Pregsure pgla 

Figure 15 Gas FVF before regression 

After regression 

Select ros ~ to<reg'eSJ.o-. ~ 

..... Omega~ ~-B Pat Tat \I:!IV ZDtV Acenfac + 
IX2- . 
IX3-
:1• 

C2+ 
c;s. 
c;,. 
Cl7• 1 1 1 1 
C29- 2 2 2 2 . 
i.l • -X2+ )(3. Cl• C2+ C5+ 0. Cl7• + 
IX2+ . 
fK3-
Cl• 
C2+ 
c;s. 

1 ~ . 
•11 • 
-for41dtalllt ·~tt.--vo·-

J 
I 11 Aiiii tl 

I 
OK Qnool I Hot> 

' 

Figure 16 Tuning parameter 

36 



CCE1: Relative\IOL 

z.oo 

1.75 

1.50 
g 
.~ 
0 

" "' 1.25 

1.00 

Dlt Gas FVF 

-Q 

~ 
' ,e 

~ 
& 

-..-c..,.~ 

DO ~'<':i 

200-

-

-
-

100-

. 

zooo •ooo 5000 
Presgure pgio 

Figure 17 Relative volume after regression 

Pressure psio 

Figure 18 Gas FVF qfter regression 

37 



DL1: Liquid density 
--C..Iwflted 

DO """'"~ 

48 

46 

.., 44 
< 

" ' 
£! 
~ 

42 
~ • c • 
" :!l 40 , 
" ::; 

3l! 

DL 1: Gas-0~ Ratio 

j; 

"' ' \; 
• 
~ 

.Q 
0 
~ 

15 

• 0 

"' 

1.25 

1.00 

0.75 

a.so 

-=­
D 0 Ot&rif!l 

0.25 

" " 

1000 
Pregsure pgio 

Figure 19. Liquid density after regression 

2000 
Pr~sure j)'.'lio 

l 0 

Figure 20 Gas-Oil ratio after regression 

" ' 

5000 

4000 5000 

38 



4.5 Creating PVT Fluid Model 

After completing the PVT fluid model for 3-Parameter Peng-Robinson 

EOS(PR3), different fluid characterizations were created and applied to the fluid model 

during regression process. Then different EOS were used to create the PVT fluid model 

and again, different fluid characterizations were applied to the fluid during regression. 

The EOS that are used during the process are PR3, 3-Parameter Soave-Redlich-Kwong 

(SRK3) and Zudkevitch-Joffe (ZJ) EOS. Due to limited time and resources, only these 

EOS are used and more time and further studies need to be done to compare more EOS 

affect to the oil recovery. Finally, the entire PVT fluid models are exported to the 

ECLIPSE E300 to see the effect of using different EOS to the oil recovery. Simple 

dynamic model with 2 wells is used during the simulation. 

4.6 Simulation Input 
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PVT simulation input is performed after we tune the calculated results to match 

with the observed results. It is observed that PVT keyword for compositional simulation 

is different from the black oil simulation where it contains more information since each 

component in fluid are treated individually rather than assumed as one fluid. The 

exported keyword then inserted to the .DATA file in the PROPS section to complete the 

model. This complete model is simulated using E300 since we want to track more details 

on each component of the fluid. These steps are repeated using different PVT fluid 

model that have been created before using different EOS selected. 

4. 7 Simulation Results 
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Based on the oil recovery results stated before, we can see that different EOS 

will yield different oil recovery results. In figure 22, the simulated Field Oil Production 

Total (FOPT) for EOS of PR3, SRK3 and ZJ are totally different. Total oil production 

for PR3 is around 132 MMstb (57% recovery) which is 0.75 % difference from total 

production from SRK3 which is 133 MMstb (57.6% recovery). Even though the 

difference is only 1 MMstb, it can affect the economic analysis of the entire field 

production life. Meanwhile, compared to total oil production from ZJ EOS, which is 123 

MMstb (53% recovery), the differences is quite significant, about 7.724 % and around 

10 MMstb compared to PR3 and SRK3. The reason why total oil recovery from PR3 and 

SRK3 is quite similar because the EOS of PR is developed to improve SRK equation 

back in 1978. By adding some parameter to SRK, the equation has improved and 

become more accurate in predicting the liquid density and vapour pressure. 
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CHAPTER 5: CONCLUSION & RECOMMENDATIONS 

A procedure is presented for comparing oil recovery simulated based on different 

equation of state parameters from the available PVT experiment data. The procedure is 

based on a fluid characterization which includes splitting, grouping and regressing 

which the main objective is to match! tune the calculated data with the observed data in 

the laboratory. It is shown that it is possible to almost perfectly match experimental PVT 

data without loosing the predictive ability at conditions or for properties not covered by 

the regression. This is accomplished by a step wise regression procedure, first critically 

evaluating the composition data, and secondly adjusting the tuning parameter to match 

experimental phase densities. For many fluids these adjustments will be sufficient to 

obtain satisfactory PVT simulation results and will usually give the desired agreement 

between experimental and calculated PVT data. 

Based on final results of this study which are the simulated oil recoveries, it is 

very clear that by using different EOS to create and develop PVT fluid model that will 

be exported to the simulator, the end results of the simulation will be based on the EOS 

selected and will be not the same regardless of what EOS chosen. More studies need to 

be done before choosing the EOS based on several research papers since there is no up 

until now a proper guidelines to choose the EOS. This selection criteria may based on 

the type of reservoir fluid, reservoir pressure, composition of the fluids and etc. For 

future study, the recovery results for different EOS can be compared on different 

reservoir fluid types such as black oil, gas condensate and dry gas so that we can see the 

effects of selecting different EOS in different fluid types. 
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