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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
optimizationin 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 (Rys). Different inflow performance relationship correlations exist
today in the petroleum indtry with the most commonly used models are that of
Vogel, Wiggirs, Klins and Majheyr Fetkovich andSukarno 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 Yemen reservoirs. Thisnew correlation

was developed using abo@%70 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 orrelations 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 modelsostaccuracy with the desirable engineering limits.
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Introduction

The IPR is often required for designing well completion, optimizing well
production, nodalanalysis calculationsand designing artificial lift.If the
wellbore pressure is equal to the reservoir pressure, there can be no inflow. If the
wellbore pressuresizero, 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 flothe 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.

o

Pressure (psi)
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Flow Rate (STB/Day)

Figure 1 The inflow performance curve

Many IPR correlationsddressed 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) |]] developed anempirical relationship for inflow
performance relationship (IPR) correlation by using a computer program based
on Wel |l er 6s as s-onmedernvar dasa seisrtaddevelopaminflgw

performance relationship correlation as:

— TR — T — . (1)

Figure 2 presented the Vogel plot illustrating the liquid (oil), gas (dry gas),
and solution gadrive casesvogel 6s correl ation gave
actual well inflow performance at early stages of productburt deviates at
later stages of the reservoifeli 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 systed] [

Fetkovitch (1973) 7] developed an empirical equation based 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 yeas. This empirical equation is given in the following form:

— p — 8 (2)

Figure 3is a rationale for the preference of the above equaliompply the
above correlation, well measurements must be performed during at least two

stable flow conditions to determine the value of deliverability exponent.
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Figure 3 IPR forvarious flowequations [P

Klins and Majher (1992)3 developed an inflw performance relationship
correlation that takes into account the change in bubdil® pressure and
reservoir pressure based on Voonel 6s
solution gas drive reservoirs that previously used by Vogel. This correlation is

given by the following

—— p T WU— T TTu— h (3)
where
™ Y T ¢ p& ovTEnp 8 (4)
Wiggins (1993) 4] developed the following generalized empirical three
phase | PR similar to Vogel 6s <correl.
modelin 1991
—— P TWPpWPHX T Yp w3 (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 impplying 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 thidgree 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 (199%)] [developedan IPR correlation based on
simulation results that attempts to account for the flow efficiency variation

caused by ratdependent skin. This equation is given in the following form:

—— O0p MT P& MIi1pe @ NTwe— h (6)
where
00 B b— & — & — @)
and
» O O i o i o i. (8)

In the above equation s is the skin factor entko & @ are the fitting

coefficients that are shown in Table 1.

Tablel. Constants for Sukarno and Wisnogroho Correlation

boi by b, bs;
a9 1.0394 0.12567 0.0135 -0.00062
&y 0.01668 -0.00385 0.00217 -0.0001
& -0.0858 0.00201 -0.00456 0.0002
ag 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 thedata are shown in Table 2.

Table 2 Range of parameters

Parameter Maximum Minimum Average
P, psia 4164.5 366 1654.9
Pus test, psia 3263 71 749.8
Qo test, STB/D 3444 116 583.7
Jo max, STB/D 29196.6 210.8 1708.2
Puf, PSia 4164.5 0 821
J, STB/D/psi 10.4 0.05 1.1
Py, 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 atite saturation profile3he IPR curves for
Yemen oil reservoirs were generated using the same procedure that Vogel
proposed for solution gadrive reservoirs. The parameters of new model are
determined using a ndmear optimization routine, specificallihe ¢cSolvee

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

— PR OLWORELOT PE€ULVLTAICOC WEYW (9

The actual data and the data results from new model, Vogel, Fetkovich,
Klins and Majher, Wigginand Sukarno and Wisnogrohmodels are plotted
togetherin Figures 49. Figure 4shows that the crossplot of data results from
new developed model almost fall on the #Be implying excellent correlation.
The crossplot of VogeFetkovectand Wiggins mods above the 43ine while
the crossplot oKlins and Majher and Sukarno and Wisnogrohodek below

the 45 line as shown in Figures 9.
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Figure 4 Crossplot of actual data against predicted data from new model
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Figure 5 Crossplot of actual datgainst predicted data from Vogel model
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Figure 6 Crossplot of actual data against predicted data

from Fetkovich model
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Figure 7 Crossplot of actual data against predicted data from Klins

and Majher model
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