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Abstract. Predicting the relationship between the flow rate and the pressure 

drop performance in the reservoir is very important for continuous production 

optimization in the field. The inflow performance relationship (IPR) describes 

the relationship between the flow rate of the well (q) and the following pressure 

of that well (Pwf). Different inflow performance relationship correlations exist 

today in the petroleum industry with the most commonly used models are that of 

Vogel, Wiggins, Klins and Majher, Fetkovich and Sukarno and Wisnogroho. 

The goal of this work is to develop a new model to predict the inflow 
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performance relationship curve for Yemeni oil reservoirs. This new correlation 

was developed using about 3470 data points were collected from different 

Yemen oil reservoirs. Initially, common correlations considered in this study 

were evaluated for the Yemeni oil reservoirs data. To improve the performance 

of these correlations their coefficients were regenerated to fit the Yemeni oil 

reservoir samples data set using linear and nonlinear regression methods. The 

behavior of new developed models was evaluated using statistical error analysis. 

The new developed models show accuracy with the desirable engineering limits. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʨʠʚʦʡ ʜʣʷ 

ʫʩʣʦʚʠʡ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʁʝʤʝʥʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʤʦʜʝʣʠ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʝʝ ʪʦʯʥʦʩʪʠ ʩ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ: ʌʦʛʝʣʷ, ʌʝʪʢʦʚʠʯʘ, ʂʣʠʥʩʘ-ʄʘʜʞʝʨʘ, 

ɺʠʛʛʠʥʩʘ ʠ ʉʫʢʘʨʥʦ-ɺʠʩʥʦʛʨʦʭʦ. ʕʪʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʦʣʦ 3470 ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʁʝʤʝʥʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʝʪʦʜʳ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʦʮʝʥʝʥʳ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʡʝʤʝʥʩʢʠʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʠʢ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʙ 

ʡʝʤʝʥʩʢʠʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʣʠʥʝʡʥʦʡ ʠ 

ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʥʦʚʦʡ ʤʦʜʝʣʠ, ʌʦʛʝʣʷ, ʌʝʪʢʦʚʠʯʘ, ʂʣʠʥʩʘ-ʄʘʜʞʝʨʘ, ɺʠʛʛʠʥʩʘ, ʉʫʢʘʨʥʦ-

ɺʠʩʥʦʛʨʦʭʦ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ. ʀʥʜʠʢʘʪʦʨʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʡʝʤʝʥʩʢʠʭ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ 

ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʦʞʝʥʳ ʌʦʛʝʣʝʤ ʜʣʷ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʞʠʤʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ. ʇʘʨʘʤʝʪʨʳ ʥʦʚʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʦʜʫʣʝʡ Solver, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ Microsoft Excel. ʇʨʦʚʝʨʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʦʚʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʝʝ ʪʦʯʥʦʩʪʠ ʩ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ: ʌʦʛʝʣʷ, ʌʝʪʢʦʚʠʯʘ, ʋʠʛʛʠʥʩʘ ʠ ʉʫʢʘʨʥʦ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʥʠʝ ʧʨʦʮʝʥʪʥʳʝ ʘʙʩʦʣʶʪʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʨʘʩʭʦʜʘ ʠ ʚʳʯʠʩʣʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʨʘʩʭʦʜʘ ʥʦʚʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʨʝʜʥʝʡ 

ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʮʝʥʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ: 8,81 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʜʝʣʴ 

ʌʝʪʢʦʚʠʯʘ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʨʘʚʥʫʶ 11,61 %. 

ʄʦʜʝʣʠ ɺʠʛʛʠʥʩʘ, ʌʦʛʝʣʷ, ʉʫʢʘʨʥʦ-ɺʠʩʥʦʛʨʦʭʦ, ʂʣʠʥʩʘ-ʄʘʜʞʝʨʘ ʠʤʝʶʪ 

ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 13,58 %, 19,50 %, 25,85 

% ʠ 49,14 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʦʚʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʩʪʨʦʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʬʠʢʠ ʥʝʬʪʷʥʳʭ 

ʩʢʚʘʞʠʥ ʥʘ ʡʝʤʝʥʩʢʠʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʞʝʣʘʪʝʣʴʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥ ʥʘ ʧʨʠʪʦʢʝ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ 

ʪʨʫʜʦʝʤʢʠʤʠ. 

Key words: inflow performance Relationship, new model, Yemeni oil 

reservoirs, empirical correlations 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʚʘʷ ʤʦʜʝʣʴ, ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʁʝʤʝʥʘ, 

ʠʥʜʠʢʘʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ 

 

Introduction  

The IPR is often required for designing well completion, optimizing well 

production, nodal analysis calculations, and designing artificial lift. If the 

wellbore pressure is equal to the reservoir pressure, there can be no inflow. If the 

wellbore pressure is zero, the inflow would be the maximum possible Absolute 

Open Flow (AOF). For intermediate wellbore pressures the inflow will vary. For 

each reservoir, there will be a unique relationship between the inflow rate and 

wellbore pressure. In single phase flow, the inflow performance curve is a 
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straight line, but when gas is moving in the reservoir, at a pressure below the 

bubble point, this is not a linear relationship as shown in Figure 1. 

 

Figure 1. The inflow performance curve 

Many IPR correlations addressed the curvature in Figure (1) of the inflow 

performance curves in case of solution gas drive oil reservoirs in which the 

babble point pressure is the initial reservoir pressure. 

Vogel (1968) [1] developed an empirical relationship for inflow 

performance relationship (IPR) correlation by using a computer program based 

on Wellerôs assumptions and twenty-one reservoir data sets to develop an inflow 

performance relationship correlation as: 

  ρ πȢς πȢψ . (1) 

Figure 2 presented the Vogel plot illustrating the liquid (oil), gas (dry gas), 

and solution gas-drive cases. Vogelôs correlation gave a good match with the 

actual well inflow performance at early stages of production, but deviates at 

later stages of the reservoir life. Vogel correlation didn't include IPR curves for 

wells with damage or high viscosity. 
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Figure 2. IPR schematic plot for single phase oil, single phase gas  

and solution gas drive system [1] 

Fetkovitch (1973) [2] developed an empirical equation based on two 

correlation parameters, maximum oil flow rate and deliverability exponent for 

Fetkovich. He proposed a method for calculating the inflow performance for oil 

wells using the same type of equation that has been used for analyzing gas wells 

for many years. This empirical equation is given in the following form: 

  ρ Ȣ (2) 

Figure 3 is a rationale for the preference of the above equation. To apply the 

above correlation, well measurements must be performed during at least two 

stable flow conditions to determine the value of deliverability exponent.   



189 
 

É  Electronic scientific journal "Oil and Gas Business". 2019. ˉ2 http://ogbus.ru 

 

Figure 3. IPR for various flow equations [2] 

Klins and Majher (1992) [3] developed an inflow performance relationship 

correlation that takes into account the change in bubble-point pressure and 

reservoir pressure based on Vogelôs work. They used the same twenty-one 

solution gas drive reservoirs that previously used by Vogel. This correlation is 

given by the following 

  ρ πȢςωυ πȢχπυ ȟ (3) 

where 

 . πȢςψπȢχς ρȢςσυπȢππρ0 Ȣ (4) 

Wiggins (1993) [4] developed the following generalized empirical three 

phase IPR similar to Vogelôs correlation based on his developed analytical 

model in 1991: 

  ρ πȢυρωρφχ πȢτψρπωςȢ (5) 

Wiggins, et al. (1991, 1992) found that the main reservoir parameter that 

plays a major role in the inflow performance curve is the oil mobility function. 

The major problem in applying this IPR is its requirement for the mobility 
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derivatives as a function of reservoir pressure, which is very difficult in practice. 

Therefore, in 1993 Wiggins developed an empirical IPR correlation from this 

analytical IPR model by assuming a third degree polynomial relationship 

between the oil mobility function and reservoir pressure. Wiggins, et al. also 

presented plots of the oil mobility as a function of reservoir pressure taken at 

various flow rates. 

Sukarno and Wisnogroho (1995) [5] developed an IPR correlation based on 

simulation results that attempts to account for the flow efficiency variation 

caused by rate-dependent skin. This equation is given in the following form: 

  ὊὉρ πȢρτψω πȢττρφ πȢτπωσ ȟ (6) 

where 

  ὊὉ ὥ ὥ ὥ ὥ  (7) 

and 

  ὥ ὦ ὦ ί ὦ ί ὦ ί. (8) 

In the above equation s is the skin factor and ὦȟὦ ὥὲὨ ὦ  are the fitting 

coefficients that are shown in Table 1. 

Table 1. Constants for Sukarno and Wisnogroho Correlation 

 b0i b1i b2i b3i 

a0 1.0394 0.12567 0.0135 -0.00062 

a1 0.01668 -0.00385 0.00217 -0.0001 

a2 -0.0858 0.00201 -0.00456 0.0002 

a3 0.00952 -0.00391 0.0019 -0.00001 

 

Data acquisition for modelling 

About 3470 data points were collected from west, north, east and south of 

Yemeni oil fields which are being used in this study to evaluate the inflow 
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performance relationship models and for developing the new model. The data 

ranges and description of these data are shown in Table 2. 

Table 2. Range of parameters 

Parameter Maximum Minimum Average 

Pr, psia 4164.5 366 1654.9 

pwf  test, psia 3263 71 749.8 

qo  test, STB/D 3444 116 583.7 

qo  max, STB/D 29196.6 210.8 1708.2 

pwf, psia 4164.5 0 821 

J, STB/D/psi 10.4 0.05 1.1 

pb, psia 3450 34 520.5 

 

Developed new model 

The objective of this work is to develop a simple and consistent method to 

correlate IPR trends for Yemen oil reservoir systems without direct knowledge 

of the distributions of gas oil ratio and the saturation profiles. The IPR curves for 

Yemen oil reservoirs were generated using the same procedure that Vogel 

proposed for solution gas-drive reservoirs. The parameters of new model are 

determined using a non-linear optimization routine, specifically the çSolverè 

modules implemented in Microsoft Excel. The new model was written as 

  ρȢςσυωσςςρȢςυφτφσςυπȢπςσςωτψȢ (9) 

The actual data and the data results from new model, Vogel, Fetkovich, 

Klins and Majher, Wiggins and Sukarno and Wisnogroho models are plotted 

together in Figures 4ï9. Figure 4 shows that the crossplot of data results from 

new developed model almost fall on the 45 line implying excellent correlation. 

The crossplot of Vogel, Fetkovech and Wiggins models above the 45 line while 

the crossplot of Klins and Majher and Sukarno and Wisnogroho models below 

the 45 line as shown in Figures 5ï9. 
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Figure 4. Crossplot of actual data against predicted data from new model 

 
 

Figure 5. Crossplot of actual data against predicted data from Vogel model 
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Figure 6. Crossplot of actual data against predicted data  

from Fetkovich model 

 
 

Figure 7. Crossplot of actual data against predicted data from Klins  

and Majher model 
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