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ABSTRACT 

  

Traditionally, the p /z  plot has been used to describe the behavior of volumetric depletion gas reservoirs. Several 

authors 
(1,2,3),

 have pointed out, that this technique can lead to serious misinterpretations of the drive mechanism and 

overestimation of the original gas in place (OG IP)  if the reservoir produces under the influence of an encroaching 

aquifer; since the p/z plot may be straight line during the early life , but a non- linear flattening of the plot may 

ultimately develop. Extrapolations are of little value. In this article the gas in-place, aquifer constant, aquifer to 

reservoir ratio and the constant of the dimensionless time were determined. To determine the above mentioned 

quantities; unsteady state calculation using the method developed in 1949 by Van Everdingen & Hurst
(4)

 and then 

modified by Jawad
(5)

 and the material balance equation as a straight line developed by Havlena & Odeh
(6)

 were 

employed. Different Values were  assumed for aquifer size to reservoir size ratio and the dimensionless time 

constant; then multi regression analysis and the method of least square
(7)

 were used to determine the gas in-place 

and the aquifer constant. To confirm the results and the conclusions of this method, an oil field example was taken 

from reference (8). 
 

 

 

INTRODUCTION 

 

Material balance analysis is a standard reservoir engineering tool for the analysis of the performance of oil and gas 

reservoirs. Applied to single , tank-type gas reservoirs, the material balance yields a characteristic relationship between the 

ratio of pressure to z factor (p/z) and cumulative gas production. In the ideal case of volumetric depletion, i.e no changes in 

the hydrocarbon pore volume during depletion, this relation simplifies to a straight line. For reservoir under water drive or 

abnormal pressure there is no straight line relationship between p/z and cumulative gas production In this study It is 

required to determine the gas in-place of the X field which is located in Sirte basin in Libya using the production data and 

the PVT properties of the fluid. 
 

The reservoir lithology is complex and having low porosity and permeability, the reservoir is associated with moderate 

aquifer strength and the aquifer properties are not well known. This is merely because one rarely drills wells into an aquifer 

to acquire the essential information about porosity, permeability, thickness and fluid properties. The basic objectives in 

applying the material balance equation to the production-pressure history of a gas reservoir are to define the drive 

mechanism (natural water drive or volumetric depletion) and estimate the OGIP.  

 

Traditionally, two techniques have been used: the p/z ( 1 )plot and the method of Havlena-Odeh(6). The former, though the 
most popular method in the industry, can be extremely insensitive in practice, leading to misjudgment of the drive 

mechanism and a serious overestimation of the OGIP.  Because of this, the method of Havlena-Odeh7,8 is recommended as 

a means of checking the validity of the p/z  plot Nonetheless, the simplicity of the p/z  technique has resulted in its almost 

universal application. 

 

Should an encroaching aquifer support the reservoir pressure as production advances, an independent mathematical model 

is required to describe the behavior of the aquifer-reservoir system 

 
The unsteady –state equation developed by Van Everdingen & Hurst(4) and then modified by Jawad(5) and the material 

balance equation as a  straight line developed by Havlena & Odeh
(6)

 , multi regression analysis and least square method
(7)

 

were used to determine the gas in-place, aquifer constant, the constant of the dimensionless time and ratio of aquifer size to 
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reservoir size. To confirm the results and conclusion an example (Oil reservoir) from reference (8) solved using this 

procedure. 

PROCEDURE 

 

To perform the required calculations the following tables were prepared. 

 Table (1) shows the production data of the oil reservoir. 
 Table (2) shows the production data of the gas reservoir. 

 Table (3) shows the fluid and petrophysical properties for both reservoirs. 
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 The following steps used: 

 

1. Write the material balance equation in the form of : 

       

    Production Term =Expansion Term + Water Influx. 

 

    For the oil reservoir: 

 

NP[ βo +( RP – RS) βg ] +WP βW  = N[βo - βoi +(RSi – RS) βg +(CW SWc +Cf)      βoi ΔP/(1- SWc) ] + We           

………………………………….(1) 

 
 Or :  

 

 Z = N X  + B ∑ ΔP QtD              ……………………………….......(1a) 

   

   Z = N X  + B S(p,tD,rD)        or        ………………………….(1b) 
  

    Z = N X  + B Y                                ……………………………………..(1c)              

    

  For the gas reservoir: 

   

   GPβg +WP βW = G[βg – βgi + (CW SWc +Cf) βgi ΔP/(1- SWc)] + We  .  .......(2)            

     Or: 
 

      Z = G X  + B ∑ ΔP QtD        or     ..…………… ……………………....(2a) 

     

     Z = G X  + B S(p,tD,rD)      or    ……………………………………...(2b)       
 

   Z = G X  + B Y                         ………………………………   …..(2c) 

 

   In equations (1c) & (2c) , Z is the production term and can be called        ZObserved  and the only unknown are N & B or G & 

B 

 

2.  Since QtD is a function of tD and rD ,where : 

 

tD = 2.309 kt/ (øµwctro
2)  = CtD t  (time in years) 

rD = re/ro 
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Both CtD & rD are unknown or there are some uncertainties in their values. 

Start with equation (1c) : 

 

      A - Assume a value to rD, say =2 

      B - Assume a value to CtD (less    than what do you expect). 

      C - Call the subroutine to calculate QtD and then calculate Y. 
      D - Calculate N & B using multi regression analysis and least square Method. 

      E - With values of N & B, calculate ZCal. 

      F - Calculate the square difference between ( Zobserved - ZCa)
2 =  

      G – Increase the value CtD  

      H - Go to step C and repeat the calculations (50 times) 

      I  - Find the standard deviation σ: σ = √∑/nd 
      J - At the minimum value of standard deviation & maximum value of correlation coefficient chose N & B. 

      K – Assume another initial value for CtD  in step B and repeat the         calculations. 

      L - Go to step A with a new value      of rD and find another set of N & B. 

  

 For the oil reservoir the assumed values for rD are :     2,4,5,5.1,5.2,5.25,5.3,5.5,6. 

        For the gas reservoir the assumed values for rD are :                     2,2.25,2.5,2.75,3,4,6,8,10 

 

RESULTS & INTERPRETATIONS 

 
Table (4) & (5) show the values of CtD , σmin , N or G,  & B for  each value of rD of the oil and gas reservoir respectively. 

 

Table: 4 

 

 



International Journal of Enhanced Research in Science, Technology & Engineering 

ISSN: 2319-7463, Vol. 5 Issue 4, April-2016 

 Page | 186  

Table: 5 

 

 
 

Figures (1) through (9) shows the plot of σmin , N & B vs. CtD. 

For the oil reservoir the values of CtD, rD, and B are 5.67, 5, 6446 bbl/psi and the calculated value for N is 312 MMSTB (as 

shown in reference 8).  

Figures (1) through (3) show no trend for the minimum standard deviation and non of the N or B values become constant; 

so the values of rD are not correct. 

Figures (4) through (6) show that rD value is between 5 & 5.25  

Figures (7) through (9) show that rD value  is between 5.1 & 5.2. 

Finally the value of rD is between 5 , 5.1 & 5.2 and the exact value corresponding to the minimum value of the standard 

deviation which is 5.1 and the values of CtD , N, B are 4.275, 316.MMstb, 6057 Bbl/psia respectively. 
Figures (10) through (18) shows the plot of σmin , G & B vs. CtD. 

Figures (11) through (14) show no trend for the minimum standard deviation and non of the G or B values become 

constant; so the values of rD are not correct. 

Figure(10) shows an indication that rD almost correct; so another values of rD were assumed (2.25,2.5,2.75,3.0) to be close 

to the correct value. Figure (15) (rD=2.25) shows a smooth trend like the trend of rD =2., therefore rD is between 2.0 &2.25; 

choose the one with minimum standard deviation , in this case rD =2.25 and hence the values of CtD ,G, and B are 0.24, 3.62 

TSCF,158.018 Mbbl/psia.  

 

CONCLUSION  

 

1. Results of this field and the example study show the modified approach by Jawad, unsteady –state equation to be a   
          powerful tool in the prediction of the water influx especially in case of trial & error on value of rD. 

 

2.     The accurate data on aquifer and reservoir geometry and fluid are not required to predict the values of N,G, and B. 
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3. It is necessary to get the minimum of the minimum values of the standard deviation to determine values of N,G,   

          and B.  

4. It is not enough to start with one initial value of CtD. 

Nomenclature : 

B   = Aquifer Constan, bbl/psia 

Cf     = aquifer compressibility  ,psi-1 

Cw = Water compressibility, psi-1 

ct   = cf +cw 

G  = gas in-place, TSCF 

Gp = Cumulative gas produced, Scf 

h   = aquifer thickness, ft  

k   = permeability, md 
N  = Oil in-place, MMstb 

Np = Cumulative oil Produced, Stb 

RS  = Initial gas solubility, Scf/Stb 

RP  = Cumulative Gas Oil ratio,Scf/Stb 

ro    = reservoir radius ,ft 

re  = aquifer radius , fr 

rD = dimensionless radius = re/ ro 

t    = time , year 

tD  = dimensionless time 

We = Cumulative Water Influx, Bbl 

ΔP = Pressure drop, (Po –Pwf), psia 
Po  = Initial Reservoir Pressure, psia 

ΔPi = (Po –Pi)/2 for i=1,2 

ΔPi = (Pi –Pi+2)/2  for i >=3 

Ф  = porosity ,fraction 

μw  = water viscosity , cp 

βo  = Oil formation volume factor, Bbl/Stb 

βg  = Gas formation volume factor Bbl/Scf 

σ   = Standard deviation 

Ψ   = Shape Factor. 

i    is initial. 
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 SI Metric Conversion Factors: 

 

  Bbl x 1.589873 E-01  = m3 

  ft  x 3.048 E-01   = m 

  ft 3 x 2.831685 E -02  = m3 

  md x 9.869233 E-04  = m2 

  psi x 6.894757   E+00 = kpa 
  scf/Bbl x 1.801175 E-01 = m3/m3(st) 
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