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ABSTRACT  
 

  There are three types of gas reservoir: 1-Dry gas 

2-Wet gas 3-Gas condensate. The temperature in 

gas condensate reservoir is between the critical 

temperature and cricondenterm. When the 

reservoir pressure goes below the dew point 

pressure, due to reverse condensation in 

reservoir, gas becomes liquid. These condensate 

are excessively being used in industry, if stay in 

the reservoir not only the condensate runs to 

waste, but also it decrease relative gas 

permeability near the wellbore, so that it will be 

decrease the well production. The changes in the 

flow rate and gas injection are of the techniques 

under the study to prevent or decrease the 

condensate saturation produced in the reservoir. 

This article examines change in Production flow 

rate and gas injection in condensate production 

and condensate saturation in reservoir. 

 

Keywords: Gas Condensate Reservoir, Gas 

Injection, Dew Point Pressure, Production Well 

Flow Rate, Condensate Saturation. 

 

Introduction  

 

  When the reservoir pressure goes below dew 

point, some part of heavy hydrocarbon in 

reservoir change their phase from gas to liquid, 

this process is called condensation. A drop in the 

reservoir pressure will gradually increase the 

condensate mole volume to the point which is 

called (maximum liquid drop out) [10]. Having 

reached this point; liquid mole volume turns to 

decrease. From the economical point of gas 

condensate, the manager of the gas reservoir, 

have attempted to produce the condensate 

mostly on the surface rather than inside the 

reservoir. Keeping the reservoir pressure beyond 

the dew point through gas injection will prevent 

the condensate production in the reservoir. Gas 

injection process to enhanced condensate 

production from gas condensate reservoir has 

this aims: 1-Gas injection for maintain the 

reservoir pressure above the dew point in order 

to prevent the condensate production in 

reservoir [3]. 2-Injection of light gases in to 

reservoir for solves the heavy condensate 

component, which finally leads to increase 

production and recovery factor [9]. 3-Gas 

injection to push the produced condensate in 

reservoir toward the production well and the 

increase in sweep displacement efficiency. Gas 

injection could be done at initial reservoir 

pressure (Total pressure maintenance) or after 

the reservoir pressure goes below the dew point, 

so that evaporation and the condensate can be 

carried on (Partial pressure maintenance). For a 

long time, gas recycle has been used in reservoir 

to increase the recovery factor. On the other 

hand, the numerous usages of natural gas and its 

high cost, has forced the experts to find an 

appropriated alternative to inject in to the 

reservoir. Production flow rate change and gas 

injection are among the under study methods to 
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increase the condensate production in the 

surface. Through compositional simulation, it has 

been discussed in this paper: the effect of change 

in production flow rate and various gas injections 

on the gas condensate production, as well as 

produced condensate saturation percentage in one 

of the fracture reservoir in southern Iran [1]. 

 

Reservoir volume model and Fluid model used 

in Simulation  

 

  The volumetric model for condensate fracture 

reservoir to do the simulation is a single well 

model [5]. This model is made by compositional 

simulator. The structure of model is radial 

(R=40*θ=1*Z=1). The grid block near the well is 

fine and farther the well gradually be large. 

Vertical thickness is 180 feet and number of grid 

blocks from wellbore to drainage radius is 40 

cells. The producing well is designed vertically in 

the center of reservoir. The nearest cell from well 

is 0.29 feet wide. Skin factor is assumed zero 

furthermore, wellbore storage and water gas 

contact are not simulated. Matrix permeability is 

2mili Darcy, fracture permeability is 1000mili 

Darcy and reservoir porosity is 20%. Fluid 

reservoir model taken from a well in one of gas 

condensate fields in Iran. Primary reservoir 

pressure =7500 psi and Dew point pressure is 

4891. In this simulation Peng-Robinson Equation 

of State (PR-EOS) is used to calculate the liquid 

mole volume. 

 

Result and Discussions  

 

  A complete list of used scenarios can be seen in 

Table 1. Scenarios contain parameters such as 

well flow rate and injected gases. In continue we 

will try to find out how mentioned parameters 

affect the gas condensate production and 

percentage of condensate saturation that 

produced in the reservoir base on distance from 

wellbore. 

The total gas condensate production after two 

years of reservoir production (whit out gas 

injection) 

 

  In Figure 1. The total condensate production 

after two years of reservoir production is 

investigated. As it is shown, the increase in 

reservoir flow rate will cause the boost in 

condensate production. When the flow rate is 

20MMSCF/D, there would be maximum 

condensate production while the minimum is for 

the flow rate of 5MMSCF/D. Gradual increase 

and decrease in production flow rate, will 

produce the equal amount of condensate after 2 

years. As the experiments show, a sudden 

increase in flow rate from 10MMSCF/D to 

20MMSCF/D then decrease to 10MMSCF/D 

again, will produce a higher amount of 

condensate than the gradual increase and 

decrease, for in single phase high speed 

production rate makes turbulent flow and 

increase inertia force, these two create barrier 

against the fluid flow. However, the experiments 

show; in high percentage of condensate, positive 

coupling effect overcomes the inertia force, as a 

result two phase fluid flow will be increased [4]. 

Hence, a sudden increase in flow rate after 

condensate produced in reservoir; make the 

fluid move velocity faster in reservoir, so it will 

be produces much more condensate. 

 

Saturation percentage of condensate 

production in reservoir base on distance from 

well after two years of reservoir production 

(whit out gas injection)  

 

  Figure 2. Shows the condensate saturation 

produced in reservoir from wellbore well 

drainage radius (Drainage Radius = 722.23 

feet). This figure shows gas condensate 

saturation in different flow rate, base on 

distance from well. As in Figure 2. gas 

condensate saturation is high around the well 

bore and it changes from 0.4% to 0.45% (to 20 

feet radius from wellbore). Condensate 

saturation decreases gradually from 0 to 300 feet 

radius. From this point condensate saturation 

change is being fixed and goes on to drainage 

radius. When flow rate is 20MMSCF/D, the 

condensate saturation percentage is the highest 

and in flow rate 5MMSCF/D; this percentage is 
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at the lowest. As the flow rate Start to increase, 

the reservoir pressure drop increases Figure 3. 

So, much more condensate produced, as a result 

condensate saturated percentage increases. High 

pressure drop near the well bore is of the main 

reasons for high condensate saturation 

percentage, and it decrease as it goes farther from 

wellbore. 

 

The total gas condensate production after two 

years of reservoir production (whit gas 

injection) 

 

  The best way to come over condensate skin near 

the wellbore and also in the rock’s pore space is 

to inject gas in to reservoir. It is done in a way 

that after production and pressure drops at the 

bottom and near of the well, the gas should be 

injected in to the reservoir during a certain period 

of time. Injected gas would have the best quality 

if it is produced from the same reservoir with 

extracted condensate in surface with separators. 

In this process, first reservoir pressure maintain, 

and the fluid goes near critical state (in two phase 

diagram), further the produced condensate is 

resolve in injecting gas, so the formed skin 

gradually disappears. In this step of simulation 

we assume the well flow rate is 20MMSCF/D, 

and drill an injection well at R=40 (drainage 

radius of production well) with injection flow 

rate 5MMSCF/D. In the first year of reservoir 

production, we separately inject Nitrogen (N2), 

Carbone dioxide (CO2) and Ethane (C2), to 

reservoir (Farias et al., 2009). Then we compare 

the gas condensate produced in surface with the 

non injection state. As shown in Figure 4. the 

amount of produced gas condensate in the first 

200 days is about the same in each scenario. 

After 2 years of reservoir production, the 

maximum condensate production is made by N2 

injection and the minimum is related to non 

injection state. C2 and CO2 injection after the 

N2; produce the maximum condensate in surface. 

• After 2 years of reservoir production, gas 

condensate in surface is 285.35 MSTB. 

(Without gas injection) 

• Injecting N2 for 1 year, increase 

produced gas condensate to 436.91 

MSTB (percentage increase than the 

case without injection 53.11%) 

• Injecting C2 for 1 year, increase 

produced gas condensate to 337.324 

MSTB (percentage increase than the 

case without injection 18.21%) 

• Injecting CO2 for 1 year, increase 

produced gas condensate to 320.675 

MSTB (percentage increase than the 

case without injection 12.3%) 

  Figure 5. shows pressure drop caused by 

production at different injection scenarios. 

Considering the figure in non injection state, 

reservoir pressure has reached the Dew point 

(4891 psi), after 150 days. While it takes 220 

days after N2 injection, 200 days for C2 

injection and 180 days after CO2 injection. 

 

 Saturation percentage of condensate 

production in reservoir base on distance from 

well after two years of reservoir production 

(whit gas injection) 

 

  In this step of simulation we assume the well 

flow rate is 20MMSCF/D, and drill an injection 

well at R=40 (drainage radius of production 

well) with injection flow rate 5MMSCF/D. In 

the first year of reservoir production, we 

separately inject Nitrogen (N2), Carbone 

dioxide (CO2) and Ethane (C2), to reservoir and 

then, we investigate the Saturation percentage of 

condensate production in reservoir base on 

distance from well after 2 years of production. 

Figure 6. shows condensate saturation in 

reservoir near wellbore to well drainage radius 

(from 0 t0 772.23 feet). As shown in figure, the 

saturated percentage varies with injection of 

different gases. For example, after injecting N2 

in to the reservoir, the condensate saturation is 

less than the non injection scenario; for N2 

carries a huge amount of gas condensate that 

produced in reservoir, as a result make them less 

saturation, While, injecting C2 and CO2 will 

produced more condensate saturation than the 

non injection scenario. 
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Conclusion 

 

  An appropriate production flow rate is a 

practical way to increase condensate production. 

In the first few years, the higher the flow rate, the 

more condensate is produced so higher the flow 

rate makes more condensate saturation. Because 

following a bigger flow rate there would be more 

pressure drop, then much more condensate is 

produced in reservoir, as a result condensate 

saturation that produced in reservoir become 

more. At initial condition, when reservoir 

pressure is beyond the Dew point (we have single 

phase or gas phase) high speed production rate 

makes turbulent flow and increase inertia force, 

therefore create barrier against the fluid flow. 

However with condensate production in 

reservoir, positive coupling effect overcomes the 

inertia force, as a result it improves two phase 

fluid flow. Hence, a sudden increase in flow rate 

after condensate production in reservoir, make 

the fluid move faster and then liquid mobility 

will increase the production. A sudden increase in 

production flow rate which is caused by increase 

liquid mobility through a Shock resulting from 

increased production makes the condensate 

saturation less, and then much more condensate 

produces. Gas condensate saturation is high 

around the well bore because near wellbore 

reservoir pressure drop is the most. Gas injection 

is of the most effective way to increase 

condensate recovery, in a way that condensate is 

getting separated from wet gas, then remainder 

(gas without condensate like N2,CO2,C1,C2) is 

again injected to reservoir. Re injected gas keeps 

the reservoir pressure balanced, and pushes the 

condensate toward production wells. The 

maximum condensate production is caused by 

N2 injection and the minimum is for non 

injection scenario. C2 and CO2 injection after 

the N2; produce the maximum condensate in 

surface. By injecting N2 in to the reservoir, the 

condensate saturation is less than the non 

injection scenario; for N2 carries a huge amount 

of gas condensate that produced in reservoir, as a 

result make them less saturation, while injecting 

C2 and CO2 will produced more condensate 

saturation than the non injection scenario. 

Therefore NITROGEN is so effective in 

condensate production and it helps them easily 

move inside the reservoir and produce through 

wellbore. 
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Table 1.Complete list of designed scenarios 

 

 

 

Figure 1.The total gas condensate production 

after two years of reservoir production (whit out 

gas injection). 
 

 

 

Figure 2. The condensate saturation produced in 

reservoir from wellbore to well drainage radius 

(722.23 feet) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.The reservoir pressure drop base on 

change in production flow rate in designed 

scenarios. 
 

 

Scenarios Specific Case 

1 

Gas 

plateau 

rate 

variation 

• Plateau rate = 5 

MMSCF/D 

• Plateau rate = 10 

MMSCF/D 

• Plateau rate = 15 

MMSCF/D 

• Plateau rate = 20 

MMSCF/D 

• Increasing rate gradually : 

5; 10; 15; 20 MMSCF/D 

• Decreasing rate gradually 

: 20; 15; 10; 5 

MMSCF/D 

• Increasing rate suddenly : 

10; 15; 20; 10 

MMSCF/D 

2 

Type of 

gas 

injected 

• N2 injected 

• Co2 injected 

• C2 injected 

• No gas injected 
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Figure 4.The effect of N2, CO2, C2 injection on 

Total condensate production in surface, After 2 

years of reservoir production and compare with 

the non injection state. 

 
 

 

 

Figure 5. The reservoir pressure drop caused by 

production at different injection scenarios 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.The saturation percentage of 

condensate production in reservoir base on 

distance from well after 2 years of production 
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