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Abstract. The measurement of oil reservoirs and their performance with hydrocarbon reservoirs is used to 

distinguish the properties of reservoir fluids, which is significant in various reservoir studies. As a result, in 

the various oil industries, adopting the appropriate methods to obtain accurate property values is very 

important. The current paper is about a case study of the BUZURGAN Oilfield and how the PVTp software 

was used to predict phase activity and physical properties. To understand the properties of fluids for the 

reservoir and phase behavior, the black oil model and the equation of state (EoS) model are used. (Glaso) 

correlation is used to calculate the bubble point strain, solubility, and formation volume factor. The Beal's 

correlation was also used to measure viscosity, while the equation of state (EoS) model was used to 

determine phase behavior and density. Furthermore, the properties of PVT were discovered using the 

software, and the results were compared to laboratory analysis of PVT, with suitable models being displayed. 

According to the findings, the used model has the highest saturation pressure, which was chosen for use in 

reservoir management processes and the preparation of a geological model to reflect the field later. It is clear 

that the program is appropriate due to the accurate dependence of PVT measurements on laboratory tests in 

the case that tests are required during the reservoir's productive existence.  

1 Introduction 

The measurement of oil reservoirs and their 

performance with hydrocarbon reservoirs is used to 

distinguish the properties of reservoir fluids, which is 

significant in various reservoir studies. As a result, in the 

various oil industries, adopting the appropriate methods 

to obtain accurate property values is very important. The 

current paper is about a case study of the BUZURGAN 

Oilfield and how the PVTp software was used to predict 

phase activity and physical properties. To understand 

the properties of fluids for the reservoir and phase 

behavior, the black oil model and the equation of state 

(EoS) model are used. (Glaso) correlation is used to 

calculate the bubble point strain, solubility, and 

formation volume factor. The Beal's correlation was also 

used to measure viscosity, while the equation of state 

(EoS) model was used to determine phase behavior and 

density. Furthermore, the properties of PVT were 

discovered using the software, and the results were 

compared to laboratory analysis of PVT, with suitable 

models being displayed. According to the findings, the 

used model has the highest saturation pressure, which 

was chosen for use in reservoir management processes 

and the preparation of a geological model to reflect the 

field later. It is clear that the program is appropriate due 

to the accurate dependence of PVT measurements on 

laboratory tests in the case that tests are required during 

the reservoir's productive existence. 

 

 

 
Fig. 1. Graphical representation of standard PVT 

properties [17] 

 

Since experimental procedures are costly and time 

consuming, the current paper focuses on a case study of 

the BUZURGAN Oilfield with predicting phase 

behavior and physical properties using the PVTp 

software. Since experimental procedures are costly and 

time consuming, efforts are devoted to solution 

equations of state as an alternative approach. 
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2 Buzurgan oilfield 

The Figure 2 illustrated the position of the Buzurgan 

oilfield, which is located 175 kilometers north of Iraq in 

the Missan region. The anticline of the Buzurgan oilfield 

covers 394km2 and runs NW-SE parallel to the Zagros 

Mountain chains, which are 40km long and 7km wide 

[1]. 

 
Fig.2. Location Buzurgan oilfield [1] 

 

 

3 Mathematical  Model 

3.1 Physical properties of reservoirs fluids  

3.1.1  Gas solubility 

It is described in SCF/STB [18] as the number of 

standard cubic feet of gas that dissolve in one stock-tank 

barrel of crude oil at a given pressure and temperature  

𝑅𝑠 =
(𝑉𝑔)𝑃𝑖𝑇

(𝑉𝑜)𝑆𝑐
      (1) 

3.1.2 Gas solubility 

It is defined as the relationship between the volume of 

oil in a reservoir or separator and the volume of oil under 

standard conditions. 

(𝐵𝑜) =
(𝑉𝑜)(𝑝;𝑇)𝑟𝑒𝑠

(𝑉𝑜)𝑠𝑐
                        (2)  

The oil formation volume factor is expressed in 

bbl/STB units of reservoir volume over standard 

volume. The dissolved gas in the oil is lost at the 

surface due to the high pressure and temperature in the 

tank. The following setups are generated as a result of 

the pressure drop from reservoir to surface conditions:  

(1) Oil weight loss due to dissolved gas loss due to 

pressure reduction.  

(2) As a result of the temperature drop, the oil volume 

decreases significantly, but the oil slightly expands due 

to the pressure reduction. 

 

3.1.3 The viscosity 𝝁 

An applied shearing force can result in a large velocity 

gradient if the friction between layers of the fluid is 

low, i.e., low viscosity. Each fluid layer exerts a greater 

frictional drag on the adjacent layers as the viscosity 

increases, and the velocity gradient decreases. 

 

𝜇 =
𝜌𝑢𝑑

𝑅𝑒
 (3) 

 

3.2 Black oil modeling 

The solution gas-oil ratio, oil formation volume 

variables, and viscosity are all common data needed by 

PVTP for most calculations. Mass conservation and the 

continuity equation are used to derive the equations for 

a black oil simulator. 

−∇. 𝐽 − 𝑞 =
𝜕𝑐

𝜕𝑡
                                                         (4) 

The fluxes and concentrations of the conservation 

equations for each of the three phases are used to 

calculate the flow equations for an oil, water, and gas 

system. The density of the fluid times its velocity in the 

given direction can be written as a flux in a given 

direction. The fluxes are represented by the subscripts 

o,w, and g, which represent for oil, water, and gas, 

respectively. 

(𝐽)⃗⃗⃗⃗⃗⃗
0 =

𝜌𝑜𝑠𝑐

𝐵0
. 𝜐𝑜⃗⃗ ⃗⃗                                                                     (5) 

(𝐽)⃗⃗⃗⃗⃗⃗
𝑤 =

𝜌𝑤𝑠𝑐

𝐵𝑤
. 𝜐𝑤⃗⃗ ⃗⃗ ⃗                                                                      (6) 

(𝐽)⃗⃗⃗⃗⃗⃗
𝑔 =

𝜌𝑔𝑠𝑐

𝐵𝑔
. 𝜐𝑔⃗⃗ ⃗⃗ +

𝑅𝑠𝑜𝜌𝑔𝑠𝑐

𝐵𝑜
. 𝜈𝑜⃗⃗ ⃗⃗ +

𝑅𝑠𝑤𝜌𝑔𝑠𝑐

𝐵𝑤
. 𝜈𝑤⃗⃗ ⃗⃗ ⃗                  (7) 

 

Where 𝑅𝑠𝑜 and 𝑅𝑠𝑤= gas solubilities  

𝐵𝑜, 𝐵𝑤 , 𝑎𝑛𝑑 𝐵𝑔 = formation volume factors 

Sc= standard conditions (usually 60 F and 14.7 psia in 

Oil field units)  

𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑  
The velocities are Darcy velocities, with the following x 

components: 

𝜈𝑥𝑜 = −𝑘𝑥𝜆𝑜
𝜕

𝜕𝑥
[𝑝𝑜 −

𝜌𝑜𝑔𝑧

144𝑔𝑐
]                                   (8) 

𝜈𝑥𝑤 = −𝑘𝑥𝜆𝑤
𝜕

𝜕𝑥
[𝑝𝑤 −

𝜌𝑤𝑔𝑧

144𝑔𝑐
]                                 (9) 

𝜈𝑥𝑔 = −𝑘𝑥𝜆𝑔
𝜕

𝜕𝑥
[𝑝𝑔 −

𝜌𝑔𝑔𝑧

144𝑔𝑐
]                                  (10) 

Where  g represents the acceleration of gravity in ft/sec2 

gc = 32.174 ft/sec2 

For the y and z components, similar expressions can be 

written. 

The relative phase mobility 𝜆ℓ  is equal to the ratio of 

the phase's relative permeability to flow divided by its 

viscosity, as follows: 

𝜆ℓ =
𝑘𝑟ℓ

𝜇ℓ
⁄                                                             (11) 

By linking phase densities to formation volume factors 

and gas solubility, 

𝜌𝑜 =
1

𝐵𝑜
[𝜌𝑜𝑠𝑐 + 𝑅𝑆𝑂𝜌𝑔𝑠𝑐]                                        (12) 

𝜌𝑤 =
1

𝐵𝑤
[𝜌𝑤𝑠𝑐 + 𝑅𝑆𝑤𝜌𝑔𝑠𝑐]                                (13) 

𝜌𝑔 =
𝜌𝑔𝑠𝑐

𝐵𝑔
                                                       (14) 

We also need concentrations in addition to fluxes. These 

are supplied by: 

𝐶𝑜 =
∅𝜌𝑜𝑠𝑐𝑆𝑜

𝐵𝑜
                                                  (15) 

𝐶𝑤 =
∅𝜌𝑤𝑠𝑐𝑆𝑤

𝐵𝑤
                                               (16) 

E3S Web of Conferences 321, 01018 (2021)
ICCHMT 2021

https://doi.org/10.1051/e3sconf/202132101018

2



𝐶𝑜 = ∅𝜌𝑔𝑠𝑐 [
𝑆𝑔

𝐵𝑔
+ 𝑅𝑠𝑜

𝑆𝑜

𝐵𝑜
+ 𝑅𝑠𝑤

𝑆𝑤

𝐵𝑤
]  (17) 

Where ∅ is defined the porosity 

The constraints are satisfied by the saturations. 

𝑠𝑜 + 𝑠𝑤 + 𝑠𝑔 = 1                          (18) 

A mass conservation equation for each variable in the 

appropriate phase is obtained by combining equations 4 

and 5 into equation 18. 

Oil component in the oil phase  

− [
𝜕

𝜕𝑥
(

𝜌𝑜𝑠𝑐

𝐵𝑜
𝜐𝑥𝑜) +

𝜕

𝜕𝑦
(

𝜌𝑜𝑠𝑐

𝐵𝑜
𝜐𝑦𝑜) +

𝜕

𝜕𝑧
(

𝜌𝑜𝑠𝑐

𝐵𝑜
𝜐𝑧𝑜)] − 𝑞𝑜 =

𝜕

𝜕𝑡
(

∅𝜌𝑜𝑠𝑐𝑆𝑜

𝐵𝑜
)                                       (19) 

Water component in the water phase 

− [
𝜕

𝜕𝑥
(

𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑥𝑤) +

𝜕

𝜕𝑦
(

𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑦𝑤) +

𝜕

𝜕𝑧
(

𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑧𝑤)] −

𝑞𝑤 =
𝜕

𝜕𝑡
(

∅𝜌𝑤𝑠𝑐𝑆𝑤

𝐵𝑤
)      (20) 

Gas component in the gas , Oil, and water phases 

−
𝜕

𝜕𝑥
(

𝜌𝑔𝑠𝑐

𝐵𝑔
𝜐𝑥𝑔 +

𝑅𝑠𝑜𝜌𝑔𝑠𝑐

𝐵𝑜
𝜐𝑥𝑜 +

𝑅𝑠𝑤𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑥𝑤)        (21) 

−
𝜕

𝜕𝑦
(

𝜌𝑔𝑠𝑐

𝐵𝑔
𝜐𝑦𝑔 +

𝑅𝑠𝑜𝜌𝑔𝑠𝑐

𝐵𝑜
𝜐𝑦𝑜 +

𝑅𝑠𝑤𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑦𝑤) −

𝜕

𝜕𝑧
(

𝜌𝑔𝑠𝑐

𝐵𝑔
𝜐𝑧𝑔 +

𝑅𝑠𝑜𝜌𝑔𝑠𝑐

𝐵𝑜
𝜐𝑧𝑜 +

𝑅𝑠𝑤𝜌𝑤𝑠𝑐

𝐵𝑤
𝜐𝑧𝑤) − 𝑞𝑔 =

𝜕

𝜕𝑡
(∅𝜌𝑔𝑠𝑐 (

𝑠𝑔

𝐵𝑔
+

𝑅𝑠𝑜𝑆𝑜

𝐵𝑜
+

𝑅𝑠𝑤𝑆𝑤

𝐵𝑤
)) 

 

The densities at standard conditions are constant, so the 

preceding equations can be divided. As a result, the 

equations are reduced to the following form: 

Oil component in the oil phase 

− [
𝜕

𝜕𝑥
(

𝜈𝑥𝑜

𝐵0
) +

𝜕

𝜕𝑦
(

𝜈𝑦𝑜

𝐵0
) +

𝜕

𝜕𝑧
(

𝜈𝑧𝑜

𝐵0
) −

𝑞

𝜌𝑜𝑠𝑐
] =

𝜕

𝜕𝑡
(

𝜙𝑠𝑜

𝐵0
)

                                       (22) 
Water component in the water phase 

 − [
𝜕

𝜕𝑥
(

𝜈𝑥𝑤

𝐵𝑤
) +

𝜕

𝜕𝑦
(

𝜈𝑦𝑤

𝐵𝑤
) +

𝜕

𝜕𝑧
(

𝜈𝑧𝑤

𝐵𝑤
) −

𝑞

𝜌𝑤𝑠𝑐
] =

𝜕

𝜕𝑡
(

𝜙𝑠𝑤

𝐵𝑤
)                           (23)    

           

Gas component in the gas, oil , and water phases: 

−
𝜕

𝜕𝑥
(

𝜈𝑥𝑔

𝐵𝑔
+

𝑅𝑠𝑜

𝐵0
𝜈𝑥𝑜 +

𝑅𝑠𝑤

𝐵𝑤
𝜈𝑥𝑤)    (24) 

−
𝜕

𝜕𝑦
(

𝜈𝑦𝑔

𝐵𝑔
+

𝑅𝑠𝑜

𝐵0
𝜈𝑦𝑜 +

𝑅𝑠𝑤

𝐵𝑤
𝜈𝑦𝑤)  

−
𝜕

𝜕𝑧
(

𝜈𝑧𝑔

𝐵𝑔

+
𝑅𝑠𝑜

𝐵0

𝜈𝑧𝑜 +
𝑅𝑠𝑤

𝐵𝑤

𝜈𝑧𝑤) −
𝑞𝑔

𝜌𝑔𝑠𝑐

=
𝜕

𝜕𝑧
(𝜙 (

𝑆𝑔

𝐵𝑔

+
𝑅𝑠𝑜𝑆0

𝐵𝑜

+
𝑅𝑠𝑤𝑆𝑤

𝐵𝑤

)) 

 

 

3.3 Equation of state (EOS) 

The phase Behavior of the reservoir was drawn using the 

equation of state model, which is used to determine the 

form of crude oil, saturation pressure, and critical 

temperature dew point pressure. 

The following properties are required by the state 

equation: 

1. Component (C1, C2, C3, C4, C5, pseudo 

components). 

2. Pressure (p). 

3. Temperature (T). 

4. Solubility (RS). 

5. Oil formation volume factor (Bo). 

6. Viscosity (𝜇). 

7. Density (𝜌) 

4 Technical approach 

After collecting all data related to reservoir fluid 

properties for the four wells in the Mishrif reservoir, an 

excel sheet containing the data needed for the software 

is created for each well. The data is entered into the 

PVTP program, and the model with the lowest error rate 

is selected. A match is then made with the input 

properties, and the program relies on the black oil 

model, which operates at the cost of the properties of the 

remaining reservoir fluids. 

 

5 Results and discussion  

The reservoir fluid properties of an Iraqi oil field called 

"BUZURGAN" are calculated using the PVTP 

simulator. As previously described, this simulator 

employs equation of state and black oil models. The 

findings of this analysis, which was conducted in order 

to predict the oil field's phase activity. An important 

thing to note is the amount of data available on each 

well, which has a significant impact on the accuracy and 

reliability of the results obtained. In certain instances, a 

full collection of analyses may be found on a few of the 

field's final well reports (BU1, BU6, BU10, BU12). As 

a result, Table (1) shows the research that is considered 

representative for each reservoir in this report. 

 

Table 1: List of wells considered 

 
While the majority of experimentally reported data is of 

"good quality," this has never eliminated the presence of 

inaccurate data due to experimental errors. 

Unrepresentative crude oil sampling and/or human 

errors caused by laboratory procedures and equipment 

are also possible causes of errors. To ensure that the data 

is of good quality and that it is accurate. When the values 

of certain properties are not similar, such as when 

extracting the viscosity values, charts are used to 

approximate them. Using the PVTP tool, several 

simulations were run to measure the properties of 

reservoir fluids and compare the measured data to field 

data.and showed similar behavior for all measured fluid 

properties, so we'll present and discuss the results of the 

(BU1) well in this section; the results are shown in 

(figures 3to 6). Figure 3 illustrates the variance of Gas 

Rs instantaneous solubility with pressure p for BU-1, 

both for the origin and measured effects. It can be shown 

that the Rs increases as the pressure rises because the 
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gas is forced to solve. This behaviour continues until the 

pressure exceeds 200 kg/cm2, at which point the 

approximated remains constant. The following 

scenarios are created as a result of the pressure drop 

from reservoir to surface conditions: The oil weight 

decreased as a result of the loss of dissolved gas caused 

by the pressure drop; the oil volume decreased slightly 

as a result of the temperature drop; however, the oil 

slightly expanded as a result of the pressure drop. 

Temperature and pressure-induced volume contraction 

and expansion normally balance each other out, 

resulting in no major changes. The increase in Bo above 

bubble point pressure corresponds to an increase in oil 

volume at P & T and, as a result, an increase in Bo. Oil 

shrinkage due to gas evolution appears to resolve its 

expansion below the bubble limit, resulting in pressure 

reduction, consequently Bo decline steeply42 

 

 
Fig. 3  solubility of gas versus pressure relationship for 

origin calculate data. 

 

Figure 4 shows the behavior of oil viscosity o as a 

function of pressure p for BU-1, as well as the measured 

effects. The viscosity of oil decreases as the pressure 

rises, as the temperature rises, weakening the particle 

bonds and lowering the viscosity. Oil viscosity often 

decreases with decreasing pressure due to decreased 

friction between fluid layers, and reaches its lowest 

point at saturation pressure. If pressure is reduced more, 

more gas escapes from the oil, causing the oil to become 

denser and more viscous due to the lack of lighter 

components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 oil viscosity versus pressure relationship for origin 

calculate data 

Variation in the ratio of oil formation Figure 4 

illustrates Bo with pressure for BU-1, as well as the 

origin and measured effects. Since pressure causes the 

oil to become more compact and the particles to become 

closer together, the Bo increases with pressure. This 

behavior continues until the pressure reaches 200 

kg/cm2, after which it decreases due to changes in the 

structure and properties of hydrocarbons at these 

pressures. 

 

 
Fig. 5 Oil formation volume factor versus pressure 

relationship for origin calculate data 

 

Figure 5 describes the relationship between density and 

pressure, demonstrating the decrease in density values 

as reservoir pressure rises. This is in direct contrast to 

what occurs on the surface of the earth. It is natural for 

the physical properties of oil in the reservoir to vary 

from those on the surface of the earth since many gases 

dissolve in the oil and cause a decrease in density as a 

result of the reservoir being exposed to high pressure 

and heat. 

 
Fig. 6  Oil density versus pressure relationship for origin 

calculate data 

 

The " PVTP" is a quick and accurate method in 

calculating the properties of the remaining reservoir 

fluids by matching to predict the behavior of reservoir 

fluids by relying on the four (P, RS, Bo, ) characteristics 

that were entered into the software, as shown in Figure 

6, and the results are shown in Tables (2) and Tables (3). 
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Table 3: Data calculated from PVTP software 

 

 
 

Table 4: Data calculated from PVTP software 

 

6 The conclusions  

The properties of reservoir fluids, which are important 

in various reservoir studies, oil reservoir calculations, 

and their performance with hydrocarbon reservoirs, are 

distinguished in this paper. The main results can be 

summarized as follows: 

•PVT studies are important reservoir engineering 

experiments that have a wide range of applications, 

including reserve estimation, surface installations, and 

storage operations. 

•To determine the exact Eos models in the study of PVT, 

high-quality density and viscosity data are needed. 

•The advantages of the computational capabilities of this 

simulation to estimate the properties of liquids for 

reservoir hydrocarbon mixtures are evident from this 

work. 

•After drawing all of the wells and comparing the results 

to the original data tables, the best and most wells were 

chosen based on the experimental values and the highest 

bubble point pressure to create the geological model that 

would reflect the reservoir. 

•When performing PVT tests, knowing the bubble point 

pressure is one of the most critical characteristics to 

know in order to maintain output at pressures higher 

than the bubble pressure. 

• The model had a high degree of accuracy in terms of 

adherence to laboratory measurements. This suggests 

that PVT research procedures and reliance on models 

can be extended over longer periods of time. 
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