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Abstract: Oil and gas accumulations located in the porous spaces of the formation exist as a single hydraulically connected system and are 

factors of many physico-chemical processes that occur, depending on the different conditions that develop in the layer. The study of fluid 

filtration in porous media, their type, the condition in which the flow occurs and its geometric form, are the main key in which the testing of a 

well begins and then the determination of various hydrodynamic parameters. In reservoir engineering, the stages of filtration that develop 

and the changes that occur in the phase state of the fluid are closely related to the changes that occur in the pressure of the reservoir, which 

characterizes the energy of the layer for the production of fluids on the surface. Radial flow is used in many practical applications in solving 

various problems encountered in reservoir engineering and precisely the main objective of this paper, is to present a solution of the average 

pressure of the reservoir in the case of radial flow using a mathematical approach. 
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1. Introduction
The porous medium, the filtration of fluids that takes place in it,

the number of phases present, the flow regimes and the geometry

of the flow systems play a key role in determining different

hydrodynamic parameters. The pressure and density of the fluid at

any point in the pay zone can be assumed as constant if it is still

unopened or undiscovered. With the drilling of the well and the

opening of the pay zone, the fluids it contains begin to move and

their every movement from the layer to the surface is accompanied

by changes in pressure and temperature [1,2]. From the technical

point of view, all these changes that occur both in temperature and

pressure are accompanied by changes in the fluid phases and their

analysis in

laboratory systems that connect pressure-temperature and volume 

help in the buildingn of P-T and P-V phase diagrams and in 

determination the type of the reservoir [3,4,5]. Regardless of these 

definitions, with the initiation  of production from a reservoir and 

the stages it passes through, several assumptions are made 

regarding fluid flow geometries,  including linear, radial, and 

spherical flow, type of fluids which make it possible to adapt and 

solve many problems in the reservoir engineering [6,7]. Based on 

various studies as well as approximations and relevant engineering 

assumptions regarding fluids in underground oil and gas reservoirs, 

the classification was made into three relevant types which are: 

incompressible fluids, slightly compressible fluids and 

compressible fluids. However, with respect to the fluid flow 

geometries discussed above, it is necessary to note that none of 

these geometries are exactly found in oil reservoirs, but for many 

engineering purposes, the real geometry can often be closely 

represented by one of these.  idealizations [8,9]. Based on this and 

the type of fluids, since the geometry of most practical interest is 

the radial flow geometry and 

incompressible fluids achieve better idealizations and 

approximations of many problems encountered during the process 

of fluid filtration in porous media, in this paper  the average layer 

pressure is determined for the case of radial flow and 

incompressible fluids. 

2. Methodology
First we consider an oil bearing bed with the same thickness h,

with external radius 𝑟𝑒 , porosity ∅, wellbore radius 𝑟𝑤 ,  and radial

distance from the reservoir center r, as in figure 1 as following.

The fluid flow geometry is considered radial and the fluid is

incompressible.

Figure 1. Schematic diagram of a circular reservoir model [4]. 

The layer is exploited by a well, pressure at the bottom of which is 

𝑃𝑤  and the pressure in the contour is 𝑃𝑒 . Initial condition and

boundary condition was taken as following: 

Initial condition→ 𝑷 = 𝑷𝒊 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝒓 > 𝒓𝒘 𝒂𝒏𝒅 𝒕 = 𝟎
Boundary 

condition→ 𝐥𝐢𝐦𝑷 = 𝑷𝒊 𝒇𝒐𝒓 𝒓 → ∞ 𝒂𝒏𝒅 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝒕 > 0
Knowing that the average pressure of the layer according to the 

volume, is the constant pressure that the layer should have in such 

a way that the corresponding energy of this pressure was equal to 

the actual energy of the layer, as well as taking into account the 

calculation of the volume of the layer and the volume element 

(cylinder inside a cylinder as in figure 1), the above conditions and 

parameters, we make it possible to calculate the average pressure 

of the layer using a certain mathematical approach. 

3. Results and Discussion.
The calculation of the average pressure of the layer measured

according to its volume is determined by the following expression:

𝑃  =
1

𝑉
∙  𝑃 ∙ 𝑑𝑣   (1) Where:
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In this equation, the product 𝑃  ∙ 𝑉 expresses the energy of the 

layer, when its pressure is constant and equal to 𝑃  , while the 

integral expresses the actual energy of the layer. 

Since the volume of the layer is:  
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and the volume element  dv will be: 
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Bearing in mind the expression for calculating the pressure in the 

case of radial flow and for the filtration of incompressible fluids, 

we write as follows: 
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Since 𝑟𝑤 ≪ 𝑟𝑒  then the ratio 
𝑟𝑤

2

  (𝑟𝑒
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 may not be defined at all and 

the value of the average pressure of the layer is equal to the 

following equation: 
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Equation 6 expresses the calculation of the average layer pressure 

in the case where the flow is considered radial and the fluid is 

incompressible. Based on the geometry of the radial flow, where 

the movement of the fluid is studied in two coordinates x and y, as 

well as making the transformation from cylindrical coordinates to 

cartesian coordinates and for certain initial and boundary 

conditions, some of the hydrodynamic parameters determined, 

between them and the pressure depending on the bottom hole 

pressure Pw   as well as depending on the  external pressure Pe  [6,7]. 

Precisely based on the value of this pressure and then replacing it 

in the corresponding formula of the average pressure of the layer 

which expresses the relationship between the volume of the fluid 

and the actual energy of the layer, as well as considering the 

underground reservoir as a cylinder inside which is drilled a well 

and this another cylinder (cylinder inside a cylinder) and 

considering as a volume element the distance between the two 

cylinders, the analytical solution of determining the average 

pressure of the layer  in the case of radial flow and incompressible 

fluid is reached [10]. This solution expresses in itself a connection 

between the physical principle and then the mathematical 

approximation of the energy that characterizes the filtration of 

fluids in porous media. 

 

4. Conclusion 
In this paper, the treatment of the average pressure of the layer was 

taken into consideration starting from the physical context of fluid 

filtration in the layer in which the flow is considered radial and 

then based on the mathematical expression of the pressure for the 

radial flow express as a function of the flowing bottom hole 

pressure, as well as in function of the externl pressure, it has 

become possible to calculate the average pressure of the layer. The 

average pressure of the layer or the average pressure of the 

reservoir has a great practical importance, it finds application in 

many problems encountered during the exploitation of the 

underground reservoir of oil and gas. The average reservoir 

pressure plays an important role in the use of the material balance 

for the calculation of oil and gas reserves, in the calculation of the 

water influx entering from the aquifer to the layer at the moment 

when the layer is connected to an water bearing aquifer. Also, the 

average pressure of the layer plays an important role in the 

application of the decline curves and the type curves which 

together with correlations and accuracy’s of the calculations 

performed are dependent and influenced by the dimensionless 

parameters used in relation to pressure, rate and time, as well as the 

graphs that express the dependence between them. 

 

 

        5 . References 
[1] Tarek Ahmed, Paul D. McKinney., (2005). Advanced 

Reservoir Engineering. Gulf Professional Publishing, pp. 1-407. 

https://doi.org/10.1016/B978-0-7506-7733-2.X5000-X 

[2] Terry, Ronald E., J. Brandon Rogers. (2014). Applied 

Petroleum Reservoir Engineering. 3rd ed., Westford, 

Massachusetts: Pearson, pp. 1-528. Retrieved on September 30, 

2024 

https://ptgmedia.pearsoncmg.com/images/9780133155587/sample

pages/9780133155587.pdf 

[3] Tarek Ahmed 

Reservoir Engineering Handbook Fifth Edition, 2019 Elsevier Inc 

Gulf Professional Publishing is an imprint of Elsevier 50 

Hampshire Street, 5th Floor, Cambridge, MA 02139, United States 

The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, 

United Kingdom. 

[4] M. K. Rahman, M. M. Rahman, A. H. Joarder. 

 Analytical Production Modeling for Hydraulically Fractured Gas 

Reservoirs 

Available from: 

(PDF) Analytical Production Modeling for Hydraulically Fractured 

Gas Reservoirs (researchgate.net) 

[5] Baker, R. O., Yarranton, H. W., & Jensen, J. L., (2015). 

Basic Reservoir Engineering Calculations. Calgary, Canada: Gulf 

Professional Publishing. https://doi.org/10.1016/C2011-0-05566-7 

[6] Tarek Ahmed,  Paul D. McKinney 

Advanced Reservoir Engineering  

Gulf Professional Publishing is an imprint of Elsevier 200 Wheeler 

Road, Burlington, MA 01803, USA Linacre House, Jordan Hill, 

Oxford OX2 8DP, UK 

[7] L.P.Dake 

fundamentals of reservoir engineering 

ELSEVIER, Amsterdam London New York Tokyo, 1978 

ELSEVIER SCIENCE B.V 

[8] Khlaifat, A. L., (2008). TWO-FLUID 

MATHEMATICAL MODEL FOR COMPRESSIBLE FLOW IN 

FRACTURED POROUS MEDIA. In Latin American Applied 

Research , vol. 38, pp. 213-225. 

[9] Van Everdingen, A.F., and W. Hurst., (1949). The 

Application of the Laplace Transformation to Flow Problems in 

Reservoirs. PETROLEUM TRANSACTIONS, AIME, vol. 1, no. 

12, pp. 305–324.  

[10] Adel M. Salem 

Determination of Average Reservoir Pressure using Pressure 

buildup Test: 

Analytical and Simulation Approach for Egyptian Oil 

FieldsAvailable from: 

(PDF) Analytical Production Modeling for Hydraulically Fractured 

Gas Reservoirs (researchgate.net)  

 

INTERNATIONAL SCIENTIFIC JOURNAL "MATHEMATICAL MODELING" WEB ISSN 2603-2929; PRINT ISSN 2535-0986

43 YEAR VIII, ISSUE 2, P.P. 42-43 (2024)

https://doi.org/10.1016/B978-0-7506-7733-2.X5000-X
https://ptgmedia.pearsoncmg.com/images/9780133155587/samplepages/9780133155587.pdf
https://ptgmedia.pearsoncmg.com/images/9780133155587/samplepages/9780133155587.pdf
https://www.researchgate.net/publication/233307182_Analytical_Production_Modeling_for_Hydraulically_Fractured_Gas_Reservoirs
https://www.researchgate.net/publication/233307182_Analytical_Production_Modeling_for_Hydraulically_Fractured_Gas_Reservoirs
https://doi.org/10.1016/C2011-0-05566-7
https://www.researchgate.net/publication/233307182_Analytical_Production_Modeling_for_Hydraulically_Fractured_Gas_Reservoirs
https://www.researchgate.net/publication/233307182_Analytical_Production_Modeling_for_Hydraulically_Fractured_Gas_Reservoirs



