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ABSTRACT 

 

Gas-oil ratio (GOR) is the ratio of the volume of gas that is liberated from the solution to the volume of oil and this situation occurs 

because of the pressure and temperature decrease to the surface condition (60 0F and 14.7 psi). When the reservoir pressure above 

the bubble point pressure there is no prevailing free gas, however in gas cap reservoir and in solution gas drive reservoir which the 

reservoir is depleted, reservoir pressure is going to decline and gas will come out of the solution, when gas is mobile, producing 

GOR occurs. This study is conducted in Z field well X which is flowing naturally to the surface with the purpose to understand how 

low increase of GOR has an impact on production rate and the optimum tubing size selection in well X. Thus, Vogel’s equation 

method is used to compute the inflow of fluids into the wellbore by performing steady-state, multiphase flow simulator (PIPESIM 

v2011.1). Case 1 with producing GOR 60 scf/stb, case 2 with GOR 90 scf/stb and case 3 with producing GOR 120 scf/stb and tubing 

ID varies from: 1.751-in, 2.441-in and 3.068-in. The results indicate that when amount of gas-oil ratio increases production rate is 

also going to increase in Z field well X and the larger the tubing ID the greater the production rate, in this case 3.068-in is the 

optimum tubing ID based on higher production rate. 
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1. Introduction 

Production in oil and gas industry is defined as an activity 

which include extraction of saleable hydrocarbons in the solid, 

liquid or gaseous state (Peacock et al., 2015). Production 

activity is to deliver oil and gas from underground to the 

surface and into the downstream facilities through production 

systems. Generally, there are two methods in production of oil 

and gas such as: natural flow and artificial lift methods. 

In the beginning of production phase, oil and gas will 

flow naturally from reservoir up to the surface and these 

naturally flowing wells have enough reservoir pressure or 

down-hole pressure to reach suitable wellhead production 

pressure and maintain an acceptable well flow in an 

economical rate (Devold, 2009). However during the 

production, reservoir pressure is going to decline causing 

production rate not to flow in an economical rate, therefore in 

order to do the optimization there will be a transition from 

natural flow to the artificial lift method and Guo et al., (2007) 

explains that to obtain high production rate of a well is to 

increase production pressure drawdown by reducing the 

bottom hole pressure with artificial lift methods. 

In production phase, there are several problems that will 

be encountered during production. Guo et al., (2007) states 

that to enhance production it is crucial for engineers to 

identify problems that cause low production rate of wells, 

quick decline of the desirable production fluid, or rapid 

increase in the undesirable fluids, therefore for oil wells these 

problems include: low productivity, excessive gas production, 

excessive water production, sand problem and for gas wells 

these problems are: low productivity, excessive water 

production, liquid loading, and sand production. Gas-Oil ratio 

is the volume of gas which comes out of the solution to the 

volume of oil as reservoir pressure decline below the bubble 

point pressure and solution gas-oil ratio is the volume of gas 

dissolved at standard conditions in a unit volume of stock tank 

oil at certain pressure and temperature (Kumar, 2008). GOR 

has an impact on production rate mainly in oil production, 

Pressure decline rate increase, production rate is also 

increased in solution gas drive reservoir because pressure 

decline rate generates larger super saturation and faster 

nucleation that leads to more-dispersed gas bubbles. And 

under field conditions pressure decline rate change with space 

and time (Sheikha and Pooladi-darvish, 2009). Many studies 

has been done regarding the effect of GOR and in this case, 

the effect of producing GOR and optimum tubing selection in 

Z field well X that is flow naturally is going to be taking into 

account.  

 

2. Literature Review 

GOR is defined as a volume of gas (at standard condition, 

60 0F and 14.7 psi) liberated from the oil (Ratnakar et al., 

2019). Basically in production, gas-oil ratio means the ratio of 

gas that comes out of the solution to the volume of oil and this 

situation occurs because of the pressure and temperature 

decrease to the surface condition. Solution gas oil ratio (also 

called gas in solution), Rs, is defined as gas dissolved in oil at 

any pressure and temperature when it is taken down into 

reservoir condition (El-Banbi, 2018). Solution gas oil ratio 

will remain constant in undersaturated reservoir or when 

reservoir pressure is greater than bubble point pressure 

however when reservoir pressure fall below the bubble point 
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pressure, gas bubbles and coalesce to form gas phase as gas is 

mobile (Kraus et al., 1993). Instantaneous gas-oil ratio is 

defined as the produced gas-oil ratio (GOR) at any particular 

time is the ratio of standard cubic feet of total gas being 

produced at any time to the stock tank barrels of oil being 

produced at that same instant (Ahmed, 2012). 

Tubing is relatively small-diameter pipe that is run into a 

well to serve as a conduit for the passage of oil and gas to the 

surface (Oil & Gas Glossary). API acknowledges two tubing 

ranges: Range 1 from 20 to 24 ft and Range 2 from 28 to 32 ft, 

range 2 is normally used and shorter tubing joints (pup joints) 

are available in 2-, 3-, 4-, 6-, 8-, 10- and 12-ft lengths with a 

tolerance of + 3 in (petrowiki, 2015). According to API 5CT 

(2011), the range of tubing outside diameter (OD) from 1.050 

inch to 4-1/2 inch and tubing inside diameter (ID) varies from 

0.7421 inch to 3.9582 inch. 

Gilbert (1954) in his study, he introduced Inflow 

Performance Relationship (IPR) which is a basic necessity in 

equipping and operating oil wells through measurement of 

static pressure in the well and mass rate inflow of each liquid. 

The Inflow Performance Relationship (IPR) curve is the plot 

of flowing bottom-hole pressures versus the oil/gas production 

rates at that pressure values (Mohamed and Abdalla, 2020). 

Thus, IPR means fluids that a reservoir can deliver to the 

bottom hole or flow rate of the reservoir to the bottom of the 

well (wellbore). While Tubing Performance Curve (TPC) or 

Vertical Lift Performance (VLP) also known as outflow 

means fluids that a well can deliver from bottom-hole to the 

surface with a specified wellhead pressure or what bottom-

hole pressure should be for each flow rate inside the tubing.  

 

Figure 1. System of nodal analysis (Lea, 2019) 

 

The intersection between inflow and outflow is called 

operating point which is the actual rate of the well that is 

performed using nodal analysis. Nodal analysis for well 

performance is based on the principle that a reservoir inflow 

and wellbore outflow can be independently characterized as 

functions of flow rate and pressure (Duncan et al., 2015). The 

objective of system analysis is to combine the various 

components of the production system for an individual well   

to estimate production rate and optimize the components of 

the production system  (Beggs, 2003). 

There are several empirical methods that is used to 

generate current future IPR: Vogel; Fetkovich; Jones et al.; 

Richardson and Shaw; Wiggins; Klins and Majcher; Sukarno 

and Wisnogroho (Daoud et al., 2017).  

In a two phase flow reservoir, solution gas drive reservoir, 

straight line method is known to have limitations in such a 

reservoir thus, Vogel (1968) introduced an equation of a curve 

that give a reasonable empirical: 

Where: 

Qo  = Oil rate 

Q max  = Maximum oil flow rate, i.e., AOF 

Pr  = current average reservoir pressure, psig 

Pwf  = pressure flowing well, psig 

According to Chang et al., (1986), three main reasons for 

producing high GOR in a well are caused by gas underrunning 

shale complexes, evolution of solution gas and gas coning. 

Beliveau (2004) in his work explains that there are three major 

factors that have an impact on gas-oil ratio (GOR) 

performance such as gas-oil relative permeability curve, the 

presence of initial gas cap and the strength of any associated 

aquifer. Generally, once producing GOR occurs it has an 

impact directly on production rate which can be one of the 

reservoir driving mechanisms to push fluids up to the surface 

as Slider (1983) in his work explains that when gas begins to 

flow from reservoir to the well along with oil, the production 

rate will increase during the initial phase as a result of an 

increase of fluid viscosities in the reservoir. However, 

Chukwueke et al., (1998) and Ivanov et al., (2016) argue that 

GOR can suspend the production of the well, in reservoirs 

with a thin oil rim below a gas cap, oil production can be 

severely hampered by gas coning problems especially in 

horizontal wells as gas coning and early gas breakthrough in 

producer can lead to significant reduced of oil recovery and 

the resulting early suspension of wells due to high GOR. 

When producing GOR is too higher which equal or greater 

than solution GOR can cause problem such as pressure loss or 

liquid loading along the well which caused by the bubbling of 

gas.  

Tubing size selection plays an essential role in production 

phase in order to flow fluids from the bottom of the well up to 

the surface. Shadizadeh and Zoveidavianpoor (2009) states 

that large tubing is good for the higher flow rate, low pressure 

loss and lower fluid velocity desirable during the early life of 

a well however, as reservoir pressure and flow rate decline, 

large tubing may become less advantageous as liquid hold up 

problem encountered, thus smaller tubing size maybe 

necessary. And  Nwanwe et al. (2020) argues that there are 

three criteria for optimum tubing size (OTS) selection such as: 

(1) the difference between the operating flow rate of the 

considered OTS and the immediate larger tubing must be 

minimal; (2) the considered OTS must be cheaper than the 

larger tubing sizes; (3) the considered OTS must be able to 

produce when the reservoir pressure drop to 75% of its 

original value.  
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3. Research Methodology 
 

3.1. Data Collection 

These data are quantitative data from Z field well X 

which is located in onshore. Reservoir rock is sandstone with 

the porosity of 20% and average reservoir pressure 4000 psi; 

bubble point pressure 4250 psi; bottom-hole pressure 3500 

psi; perforation depth 7800 ft and production rate is 1800 

bbl/d; reservoir temperature 210 0F; tubing depth at 7700 ft 

and ambient temperature is 80 0F. 

3.2. Diagram Research 

a). Methodological Approach 

This study is carried out to understand how low increase 

of GOR has an impact on production rate and to select 

optimum tubing size in well X and in this case, higher 

production rate is the parameter for optimum tubing size 

selection. The required data for this study is the PVT data and 

wellbore data from the well. Data used for this study is 

collected from secondary data. 

b). Data Pre-processing  

Data collection is the process of gathering the data for a 

particular purposes or to provide solution to the relevant 

questions. The tool used to collect the existing data from 

research journal. The dataset were taken from journal that has 

been published by the authors Sadeed and Al Nuaim in 2017. 

Then these data is used to develop new approach which is to 

analyze the impact of gas-oil ratio on production rate and 

optimum tubing size based upon tubing specification in well 

X. 

 

c). Data Analysis 

Prior to the data analysis, the dataset was checked for the 

missing data. Thus, variation of GOR includes: 60 scf/stb, 90 

scf/stb and 120 scf/stb and tubing ID differs from 1.751-in, 

2.441-in and 3.068-in to examine the effect of GOR on 

production rate. The data then analyzed using PIPESIM 

software and two phase IPR method or Vogel equation is used 

to do the calculation. 

The Vogel equation is preferred is this computation due to the 

condition of the reservoir which is two phase flow (oil and 

gas). 

4. Result and Discussion 

4.1. Nodal Analysis of Gas-Oil Ratio (GOR) Variation 

with an Outflow 2.441 in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Result of Nodal Analysis of GOR variation with 2.441-in

Figure 2. above reveals the result of nodal analysis of 

inflow Gas-Oil ratio variation 60 scf/d, 90 scf/d and 120 scf/d 

with a tubing inside diameter 2.441 in. During production, 

nodal analysis plays an important role as an approach that is 

used in oil and gas well to optimize the production rate 

through the diagram of pressure-rate in a well. Result of the 

nodal analysis shows that the production rate increases with 

an increase in the instantaneous GOR, in this case, tubing ID 

2.441-in with instantaneous GOR 60 scf/stb the production 

rate is 2,796.99 bbl/d; when instantaneous GOR increases to 

90 scf/stb the production rate is 2,957.49 bbl/d; instantaneous 

GOR further increase to 120 scf/stb the production rate 

increases to 3,149.54 bbl/d. The low increase of GOR has the 

ability to push more oil because of an increase in the fluid 

viscosities which affect the velocity of the fluids itself to flow 

faster up to the surface and Slider (1983) said that once gas 

begins to flow the GOR increases rapidly and during the 

initial phase of producing GOR, gas has the ability to  lighten 

the fluid density thereby it may increase the production rate. 

 

4.2. Nodal Analysis of Tubing ID Variation With Each  

Case of GOR (60, 90 and 120 scf/stb) 
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Fig. 4.2 – Result of nodal analysis with tubing ID variation and GOR 60 scf/stb

 

 

 

 

 

 

 

      Figure 3.  Result of Nodal Analysis with Tubing ID Variation and GOR 90 scf/st

 

Figure 4.  Result of Nodal Analysis With Tubing ID Variation and GOR 90 scf/stb 

 

 

 

        Figure 5. Result of Nodal Analysis With Tubing ID Variation and GOR 120 scf/stb 
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Figure 3, 4, and 5 illustrate the results of nodal analysis which 

is performed separately with tubing inside diameter variation 

and each case of GOR in order to select the optimum tubing 

size. Nodal analysis of GOR 60 scf/stb with tubing ID 1.751-

in the production rate is 1,874.80 bbl/d; tubing ID 2.441-in 

the production rate increases to 2,805.77 bbl/d; and when 

having tubing ID 3.068-in production rate further increases t 

3,141.44 bbl/d. Production rate of nodal analysis with GOR 

90 scf/stb and tubing inside diameter 1.75-in, 2.441-in and 

3.068-in are:   1,951.91 bbl/d; 2,957.51 bbl/d; and 3,345.47 

bbl/d. And the production rate of nodal analysis with GOR 

120 scf/stb and tubing inside diameter 1.75-in, 2.441-in and 

3.068-in are:  2,029.32 bbl/d; 3,147.66 bbl/d; and 3,589.33 

bbl/d. Apart from the low increase of GOR, results of NA of 

tubing ID variation shows that when tubing ID is larger the 

amount of production rate is increasing and one of the major 

factors cause this increase is higher pressure in the reservoir. 

As higher reservoir pressure will cause higher velocity 

therefore when tubing inside diameter is larger, fluids will go 

up with higher quantities by occupying the space of the large 

tube than smaller tubing sizes and Nwanwe et al., (2020) 

states that the operating flow rate will increase with increase 

in tubing size as a result of decrease in frictional pressure 

loss. And in order to boost the production rate it is good to 

have larger tubing size which lead to high quantities of 

production in a certain time. However, there are several 

controversies among authors regarding the tubing size 

selection as Belyadi et al. (2019)  argues that having the 

larger than necessary tubing size can cause a faster need for 

using artificial lift as a result of pressure decline in a well 

which cause production rate to become uneconomical. 

Furthermore, having larger tubing size in a well will cause oil 

production to reach its peak earlier and shorter lifetime 

production. 

 

 

Table 1. Comparison of Each Case of GOR on Production Rate with Each Tubing id Using Nodal Analysis 

Tubing ID 
Production Rate 

GOR 60 scf/stb GOR 90 scf/stb GOR 120 scf/stb 

1.751-in 1,874.80 bbl/d 1,951.91 bbl/d 2,029.32 bbl/d 

2.441-in 2,805.77 bbl/d 2,957.51 bbl/d 3,147.66 bbl/d 

3.068-in 3,141.44 bbl/d 3,345.47 bbl/d 3,589.33 bbl/d 

Table 1 above illustrates the comparison of production rate 

with each case of gas-oil ratio and tubing inside diameter in 

which comparison of production rate of GOR 60 scf/stb, 90 

scf/stb and 120 scf/stb with each tubing ID of 1.751-in, 2.441-

in and 3.068-in. when GOR increase from 60 scf/stb to 90 

scf/stb with tubing size 1,751-in the production rate increases 

form 1,874.80 bbl/d to 1,951.91 bbl/d and when GOR further 

increases to 120 scf/stb with the same tubing size the 

production rate  goes up more to 2,029.32 bbl/d and upon this, 

production rate increases respectively with increasing GOR. 

And based on table 1 the production increases with larger 

tubing in which replacing 1.751-in to 2.441-in with GOR 60 

scf/stb the production rate increases from 1,874.80 bbl/d to 

2,805.77 bbl/d and when having 3.068-in with the same 

producing GOR, production rate increases more to 3,141.44 

bbl/d and production rate increases respectively with 

increasing GOR and larger tubing size. According to Makinde 

(2017) producing GOR occurs due to reservoir pressure 

decline below the bubble point and gas saturation start to 

forming “GOR hill” at that time gas is not mobile yet however 

when critical gas saturation is reached gas can flow or gas 

evolution accelerates and producing GOR starts to increase 

rapidly. The result of sensitivity analysis proves that low 

increase of GOR 60 to 120 scf/stb cause the production rate to 

increase and the larger the tubing size of each case of GOR 

causes an increase in production rate therefore 3.068-in is the 

optimum tubing size based on higher production rate. 

 

5. Conclusion and Recommendation 

5.1. Conclusion 

The conclusion of this study as the following: 

a) The result of the sensitivity analysis reveals  that low 

increase of GOR production add some value to the 

production of oil by increase the velocity of fluids from 

reservoir up to the well head. And no doubt that producing 

GOR occurs when reservoir pressure decline below the 

bubble point pressure; 

b) In addition, the result of tubing size selection indicates 

that larger tubing produce higher production rate in 

which caused by strong reservoir pressure to carry 

fluids along the tubing to the wellhead;  

c) And finally through this study by conducting 

simulation of PIPESIM software can provide new 

insight about the effect of GOR on production rate in 

two phase flow reservoir and the optimum tubing size 

selection. 

5.2. Recommendation 

The effect of Gas-Oil Ratio and the tubing size selection in 

this study which is done in Z field well X has limitation 

because only focus on higher production rate to be considered 

as the optimum tubing size. Therefore, suggestions for research 

in the future to put into consideration pressure loss across the 
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perforation zone, pressure loss in the tubing, the lifetime 

production of the well, and correlations for solution gas drive 

reservoir. 
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for Solution-Gas Drive Wells.  

 

          Appendix 

Table 1. Data of nodal analysis Gas Oil Ratio variation with tubing ID 2.441-in

 
 

Table 2. Data of nodal analysis tubing inside diameter variation with Gas-Oil Ratio 60 scf/STB 
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Table 3. Data of nodal analysis tubing inside diameter variation with Gas-Oil Ratio 90 scf/STB 

 

 

Table 5. Data of nodal analysis tubing inside diameter variation with Gas-Oil Ratio 120 scf/STB 
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