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Abstract: This study uses a straight-line material balance method to estimate the reserves of 

an undersaturated reservoir supported by an aquifer. Some computer algorithms to implement 

Van-Everdingen and Hurst models (VEHM) to calculate cumulative water influx were 

envisaged through the study's developed tool "QUANTIFY". The tool was then tested using 

published data. The Original Oil in Place (OOIP) for the given data was estimated to be 

312.32 MMSTB with an R2 value of 0.99483. Subsequently, a comparative analysis was 

performed on the results obtained from MBAL and QUANTIFY, using Dake's result as a 

base/correct case. It was estimated that OOIP for QUANTIFY had a 0.1% error rate, while 

MBAL, a commercial software used to verify the result, had a 1.2% error rate. Invariably, 

the percentage errors were lower for the QUANTIFY software than for MBAL. The 3D plot 

of the reservoir energy drive from the "QUANTIFY" software, which was used to visualize 

the reservoir energy qualitatively, shows that the reservoir was mostly driven by water influx 

and fluid expansion. This study has demonstrated that "Water Influx" parameters can be 

computed appropriately without the use of charts or tables. The study has strengthened the 

validity of the Van Everdingen and Hurst aquifer model for reserve estimation for an aquifer-

supported reservoir. 
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1. INTRODUCTION 

 

The material balance method is very important for estimating original oil in place (OOIP), predicting reservoir 

performance, and determining distinct contributions from different drive mechanisms, particularly for 

conventional reservoirs [1]. In 2017, Molokwu and Onyekonwu [2] identified the material balance approach as 

one of the methods used by petroleum engineers for interpreting and predicting reservoir performance. They also 

described the material balance model as a zero-dimensional model that considers the reservoir as a tank having the 

same pressure and PVT properties throughout a particular time [2]. The general material balance equations 

originally presented by Schilthuis [3] in 1936 were based on hydrocarbon pore volumes. The conventional material 

balance comprises three variables: average reservoir pressure, recovery factor, and cumulative gas-oil ratio (GOR). 

With a known average pressure, other parameters, such as compressibility and fluid PVT properties, can be easily 

determined. Universal-type curve and straight-line analysis have been used to estimate original gas in place (OGIP) 

and other reservoir properties [4]. However, reservoir estimation is crucial in reserve management, exploitation, 

exploration, and production [5]. In reserve estimation, the goal is to principally evaluate a reservoir to estimate 

and assess the stock oil initially in place (STOIIP) and analyze the reservoir's past and present performance [6]. 

To improve the clarity of these estimations, petroleum engineers often employ several reserve estimation 

techniques. However, these techniques depend on the quality and maturity of the available data. More so, the 
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extent and nature of the commercially recoverable hydrocarbons from the subsurface cannot be determined with a 

high degree of precision because recoveries from subsurface reservoirs depend largely on the heterogeneities of 

the reservoir rock and the type of reservoir drive mechanism [1]. 

 

Natural water drive reservoirs are bounded on a portion or all of their peripheries by water-bearing rocks called 

aquifers [7]. The aquifers may be so large compared to the reservoir they adjoin as to appear infinite for all practical 

purposes. On the other hand, the aquifer itself may be entirely bounded by impermeable rock, so the reservoir and 

aquifer form a closed (volumetric) unit. When discussing water influx into a reservoir, it is common to speak of 

edge or bottom water. Bottom water occurs directly beneath the oil, and edge water occurs off the structure's flanks 

at the oil's edge as distinct from water injection, which has already been qualitatively [8]. Water influx can also be 

referred to as water encroachment or aquifer influx. It can be defined as an underground layer of water-bearing 

porous rock which flows out into any available space in the reservoir rock [9-10]. In this context, an aquifer is 

referred to as a large pool of water body underlying a hydrocarbon accumulation in the reservoir structure that is 

made up of more than one fluid arranged according to density differences [9]. 

 

The estimation process becomes complicated when employing the material balance approach in determining 

STOOIP for an aquifer-supported reservoir. It thus would require using aquifer models such as Van –Everdingen 

and Hurst, Carter Tracy, and Fetkovich, among others, for history matching. Before using these models (especially 

Van-Everdingen and Hurst), dimensionless times and water influx need to be computed to specify the cumulative 

water influx to account for the influence of the underground aquifer. So far, calculating dimensionless water 

influxes is usually performed using standard plots, which makes the processing time-consuming [11–12]. Previous 

research works like those performed by Omoniyi and Adeolu [1] in 2014 that determined STOOIP for aquifer-

supported reservoirs using MBE had assumed water influx data to be known, which is often not the case in reality. 

Also, in 2021, Omonusi and Okologume [13] performed a study where they computed the reserve estimate for an 

undersaturated reservoir using a least squares regression approach with a material balance equation. However, an 

aquifer-supported reservoir was not accounted for in their study. During the analysis process, various graphs are 

frequently used to characterize the conceptual model of the reservoir-aquifer system [14]. Nonetheless, this study 

seeks to employ material balance expressed as a straight line to quantify reserves for an undersaturated reservoir 

with a strong aquifer. A stochastic analytical and computer model was developed to describe the reservoir's reserve 

estimate, as mentioned earlier, adequately.  

 

Therefore, the objectives of this study was to use an efficient computational approach to determine Stock Tank Oil 

Originally in Place (STOOIP) for an aquifer-supported reservoir. Consequently, the study developed a novel 

computational approach for calculating cumulative water influx using the Van-Everdingen and Hurst superposition 

theorem. The study uses the complex polynomial method to directly calculate dimensionless water influx for both 

finitely and infinitely acting reservoirs. Subsequently, it uses the Odeh and Havlena material balance approach to 

finding the STOOIP for an undersaturated water drive reservoir. 

 

 

2. EXPERIMENTAL SETUP 

 

2.1. Mathematical models 

In order, to quantify reserves for an aquifer-supported undersaturated reservoir, it is necessary first to specify 

appropriate aquifer models that best describe water influx into the reservoir. There are several aquifer models, 

among which Van Everdingen and Hurst Model (VEHM) offers a more realistic approach since it considers 

pressure drop in the reservoir throughout its production life. Consequently, Van Everdingen and Hurst Models are 

usually employed to match real-life history data in the petroleum industry, especially before reserve volume 

estimation. However, VEHM is often difficult to apply because it operates with the principle of superposition. 

Therefore, coding the procedure in computer programs becomes difficult. This study uses complex polynomials, 

as presented by Klins’s group [15], to calculate dimensionless water influx WeD while considering different 

reservoir flow regimes (both infinitely and finitely acting reservoirs). The approach to estimating water 

encroachment is well suited for computer-based reservoir engineering studies, especially reservoir simulation, 

because a wider range of reservoir properties can be examined, and no time-consuming matrix-search techniques 

are used. 

 

2.1.1. Cross-over point tcross 

All aquifers act as if they are infinite for small values of the dimensionless time. However, at later times, boundary 

effects are felt, and finite aquifer behaviour deviates accordingly. The cross-over point at a particular dimensionless 
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radius (aquifer-to-reservoir radius ratio) refers to the dimensionless time (tD) at which boundary effects are felt. 

Once this cross-over value of tD is determined, the user can decide whether the finite or infinite set of polynomials 

is appropriate to calculate dimensionless water influx WeD.  

 

𝑡𝑐𝑟𝑜𝑠𝑠 = −1.767 − 0.606(𝑟𝐷) + 0.12368(𝑟𝐷)2.25 + 3.02[ln(𝑟𝐷) ]0.5                 (1) 

 

For values of tD<tcross, the aquifer is infinite-acting; thus, the infinite-aquifer approach discussed in subsequent 

sections should be used. If otherwise, that is tD≥ tcross, then the polynomial for finitely-acting aquifer would be used. 

More so, dimensionless time is calculated as follows: 

 

𝑡𝐷 =
2.309𝑘𝑡

𝜇𝜑𝑐𝑡𝑟𝑜
2                                                          (2) 

 

where, t are time in years, 𝜇 is 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦, ct is total compressibility, 𝜑 is 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦, ro is reservoir outer radius. 

 

2.1.2. Determination of dimensionless water influx, WeD 

a) Finite aquifers: 

Van –Everdingen and Hurst model is given by [13]: 

 

𝑊𝑒𝐷(𝑡𝐷) =
𝑟𝐷

2−1

2
− 2 ∑

𝑒−∝𝑛
2

𝑡𝐷𝐽1
2(∝𝑛𝑟𝐷)

∝𝑛
2 [𝑗0

2(∝𝑛)−𝑗1
2(∝𝑛𝑟𝐷)]

∞
𝑛=1                                            (3) 

 

where, 𝑡𝐷 refers to the dimensionless time and is shown in equation (2), 𝑟𝐷 is the ratio of the aquifer radius to the 

reservoir radius (re/rw), J1 and J0 refer to the Bessel function of order 1 and 0, respectively. While α defines the 

roots of the following equation: 

 

𝐽1(∝𝑛 𝑟𝐷)𝑌0(∝𝑛) − 𝑌1(∝𝑛 𝑟𝐷)𝐽0(∝𝑛) = 0                                             (4) 

 

where J1 and Y1 are Bessel functions of order 1. However, equation (3) was expressed in a polynomial form as 

follows: 

 

𝑊𝑒𝐷(𝑡𝐷) =
𝑟𝐷

2−1

2
−

2𝑒−∝1
2

𝑡𝐷𝐽1
2(∝1𝑟𝐷)

∝1
2[𝑗0
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2
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2(∝2𝑟𝐷)

∝2
2[𝑗0

2(∝2)−𝑗1
2(∝2𝑟𝐷)]

                     (5) 

 

where: 

 

∝1= −0.00222107 − 0.627638 csch(𝑟𝐷) + 6.2777915(𝑟𝐷)−2.734405 +  1.2708(𝑟𝐷)−1.100417      (6) 

 

and 

 

∝2= −0.00796608 − 1.85408, csch(𝑟𝐷) + 18.71169(𝑟𝐷)−2.758326 +  4.829162(𝑟𝐷)−1.009021       (7) 

 

csch(x) refers to the hyperbolic cosecant function, which is computed as follows: 

 

csch(𝑥) =
1

𝑒𝑥−𝑒−𝑥      (8) 

 

Also, the first-order Bessel functions are computed as shown in equation (9) and equation (10). 

 

At condition: 0≤x<3.0. 

 

𝐽1(𝑥) = [0.5 − 0.56249985 (
x

3
)

2

+ 0.21093573 (
x

3
)

4

− 0.03954289 (
x

3
)

6

+

                                             +  0.00443319 (
x

3
)

8

− 0.00031761 (
x

3
)

10

+ 0.00001109 (
x

3
)

12

 ] x                   (9) 

 

At condition: 3.0 ≤x< ∞. 

 

𝐽1(𝑥) = (𝑥)−0.5𝐹1(cos 𝜃1)                                           (10) 
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where: 

 

𝐹1 = 𝑏0 + 𝑏1 (
3

𝑥
) + 𝑏2 (

3

𝑥
)

2

+ 𝑏3 (
3

𝑥
)

3

+ 𝑏4 (
3

𝑥
)

4

+ 𝑏5 (
3

𝑥
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5
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3

𝑥
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  (11) 

 

bo = 0.79788456, bl = 0.00000156, b2 = 0.01659667, b3 = 0.00017105, b4 = -0.00249511, bs = 0.00113653, b6 = -

0.00020033.  
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                                     (12) 

 

b) For Infinitely – acting aquifers (tD<tcross): for infinite aquifers, the value of WeD as a function of dimensionless 

time is determined by Van Everdingen and Hurst as follows: 

 

𝑊𝑒𝐷 =
4

𝜋2 ∫
(1−𝑒−𝑢2𝑡𝐷)𝑑𝑢

𝑢3[𝐽0
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2(𝑢)]

∞

0
     (13) 

 

An analytical solution to this integral is not available, and numerical methods are difficult to use near the origin 

because of the asymptotic nature of the function. For evaluation, the integral was broken into two parts such that 

equation (13) becomes: 

 

𝑊𝑒𝐷 =
4

𝜋2 ∫
(1−𝑒−𝑢2𝑡𝐷)𝑑𝑢

𝑢3[𝐽0
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4
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∞

0

𝛿

0
   (14) 

 

Again, in the paper presented by Klins’s group [15], equation (14) was solved analytically using non-linear 

regression to obtain a set of the polynomial as shown in the following equations: 

 

Condition: At tD≤0.01, 

 

𝑊𝑒𝐷 =
2

√𝜋 √𝑡𝐷      (15) 

 

Condition: At 0.01≤ tD <200, 

 

𝑊𝑒𝐷 =
1.129552(𝑡𝐷)0.5002034+1.160436tD+0.2642821(𝑡𝐷)1.5+0.01131791(𝑡𝐷)1.979139

1+0.5900113(𝑡𝐷)0.5002034+0.04589742(𝑡𝐷)
 (16) 

 

Condition: At 200≤ tD <2×1012 

 

𝑊𝑒𝐷 = 10[4.3989+0.43693×ln 𝑡𝐷−4.16078(ln 𝑡𝐷)0.09]   (17) 

 

2.1.3. Linear expression of MBE using regression analysis 

In this study, VEHM was used to estimate the value of cumulative water influx through superposition. A least 

square regression model is required to compute the best fit curve. The regression formulas are expressed as follows: 

 
𝐹

 𝐸0
= 𝑁 + 𝑎1

𝑊𝑒

𝐸0
      (18) 

 

Thus, to evaluate the value of 𝑎1 in equation (18), which is the slope of the equation, this study fitted a linear least 

square regression model with the assumption that the intercept equals N. Therefore, 𝑎1 becomes:  

 

𝑎1 =
𝑖 ∑(

𝐹

𝐸0
×

𝑊𝑒
𝐸0

)−∑
𝐹

𝐸0
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𝑊𝑒
𝐸0

𝐼 ∑(
𝑊𝑒
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)
2

−(∑
𝑊𝑒
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)
2      (19) 

 

N= intercept – becomes the stock tank oil originally in place (STOOIP). 
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2.2. Model assumptions 

The assumptions made for the mathematical models that were employed in the quantification of the oil reserve are 

stated below: 

i. The reservoir is considered to be a tank. 

ii. Pressure, temperature, and rock and fluid properties are not space dependent. 

iii. Uniform hydrocarbon saturation and pressure distribution (homogenous reservoir). 

iv. Thermodynamic equilibrium is always attained. 

v. Isothermal condition apply. 

vi. Production data is reliable. 

vii. The reservoir is a water drive one. 

viii. It has a water influx. 

ix. Rock and fluid expansion was assumed to be negligible and was not accounted for. 

 

The above assumptions were made using the Van Everdingen and Hurst aquifer models that were simplified into 

a set of polynomials [15]. Also, in previous research regarding dimensionless pressure and pressure derivatives, 

as presented in the literature, numerical integration was used to compute PD and P'D. However, this procedure is 

often complex and difficult to use near the origin because of the asymptotic nature of the functions involved. Thus, 

this study employed a simpler approach using a set of polynomials that were easier to implement than numerical 

methods. More so, to apply these equations (polynomials) in the calculation of dimensionless water influx, it is 

necessary to create a computer program. The computer program made it easy to quantify oil reserves with a strong 

aquifer, which is the major objective of this study. The algorithms of the developed computer program and the 

pseudocode descriptions, are presented in subsequent sections and subsections. 

 

2.3. Computer model (QUANTIFY) description 

The computer model (QUANTIFY) developed in this study is a reservoir engineering toolkit for calculating oil 

reserves for an undersaturated oil reservoir with water influx. The mathematical models discussed in the previous 

sections were incorporated into the developed toolkit "QUANTIFY". The toolkit, however, was developed to 

decide the appropriate correlation/polynomial to use depending on the conditions of tD and the cross-over point. 

The correlations to calculate dimensionless water influx differ since the supposed aquifer may be acting finitely 

or infinitely. At a specified dimensionless time, tD, boundary effects can either be felt or may not be felt (because 

the pressure disturbance has reached the boundary). 

 

Even so, the software is intelligent enough to know the two conditions. The software was developed using 

Microsoft Visual C# (a programming language built on Microsoft's dot net framework). The splash screen of the 

developed software "QUANTIFY" is shown in Figure 1. 

 

 
Fig. 1. Software splash screen. 

 

2.3.1. Computer model development 

This section discusses the algorithms and presents the pseudocode descriptions of the developed software 

“QUANTIFY”. First, all necessary functions were created in a class. These functions include: 

i. The hyperbolic cosecant function (csch(x)). 

ii. Bessel function of order 1 (J1(x)). 

iii. Dimensionless water influx function WeD(tD). 
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A computer superposition algorithm was developed to calculate dimensionless water influx prior to reserve 

estimation. The steps in using the developed software “QUANTIFY” is described as follows: 

1. Launch the QUANTIFY software and select “match aquifer model” in the “Begin modelling” tab of the 

main form as shown on the main form illustrated in Figure 2. 

2. In the dialog form that appears, fill the reservoir rock and fluid properties like rock compressibility, 

outer/inner radius, porosity etc. and click on “Import” button to select an excel pressure data file (see 

Figure 3). 

3. Click on “Calculate” button to calculate dimensionless time (tD) and dimensionless water influx (WD).  

4. Click on “Superimpose” to employ the superposition algorithm in calculating for water influx in barrels. 

Then click on “Done” to exit form. 

5. On the main form, select “match pvt data” in the “Begin modelling” tab. A dialog form appears. 

6. Import PVT data from excel .csv). Fit aquifer model, calculate regression and perform history matching 

to display calculated stock tank oil originally in place.  

7. Click on “energy plot” button to display the dive mechanism of the reservoir as shown in Figure 4.  

8. If the calculated R2 value is far from one, repeat step 2 to 6, using a different outer/inner radius (reD). 

Otherwise, if R2 value is very close to 1, the estimated STOOIP becomes the true value. 

 

 
Fig. 2. Main form of QUANTIFY software. 

 

 
Fig. 3. Match aquifer model dialog. 
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Fig. 4. Match PVT history data. 

 

The input data adapted from Dake [11-12] and are illustrated in Table 1 to Table 5. 

 

Table 1. Reservoir fluid properties data [11-12]. 

GOR (Rs) 650 

Oil Gravity 40 

(Yg) 0.7 

Salinity 14000 

 

Table 2. PVT history data [11-12]. 

Time (year) Pressure 

(psia) 

Solution GOR 

(scf/STB) 

Oil FVF 

(rb/STB) 

Gas FVF 

(rb/STB) 

Oil Viscosity 

(cp) 

Gas Viscosity 

(cp) 

0 2740 650 1.404 0.00093 0.54 0.0148 

1 2500 592 1.374 0.00098 0.589 0.01497 

2 2290 545 1.349 0.00107 0.518 0.01497 

3 2109 507 1.329 0.00117 0.497 0.01497 

4 1949 471 1.316 0.00128 0.497 0.01497 

5 1818 442 1.303 0.00139 0.497 0.01497 

6 1702 418 1.294 0.00150 0.497 0.01497 

7 1608 398 1.287 0.00160 0.497 0.01497 

8 1535 383 1.280 0.00170 0.497 0.01497 

9 1480 381 1.276 0.00176 0.497 0.01497 

10 1440 364 1.273 0.00182 0.497 0.00182 

 

Table 3. Reservoir and Aquifer data [11-12]. 

Aquifer data Reservoir data 

Parameter Value Parameter Value 

Reservoir thickness 100 Temperature 115 

Reservoir radius 9200 Initial pressure 2740 

Aquifer radius 46000 Porosity 0.25 

Encroachment angle 140 Swc 0.05 
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Aquifer permeability 200 Cw 3.00E-06 

  Cf 4.00E-06 

 

Table 4. Relative permeability data [11-12]. 

 Residual sat Endpoint Exponent 

Krw 0.25 0.039336 0.064557 

Kro 0.15 0.8 10.5533 

Krg 0.05 0.9 1 

 

Table 5. Production history data [11-12]. 

Time 

(dd/mm/ yyyy) 

Reservoir 

Pressure (psia) 

Cum oil Produced 

(MMSTB) 

Cum Gas 

Produced (MMSCF) 

Cum Water 

Produced (MMSTB) 

1/8/1994 2740 0 0 0 

1/8/1995 2500 7.88 5988.8 0 

1/8/1996 2290 18.42 15564.9 0 

1/8/1997 2109 29.15 26818 0 

1/8/1998 1949 40.69 39672.8 0 

1/8/1999 1818 50.14 51393.5 0 

1/8/2000 1702 58.42 62217.3 0 

1/8/2001 1608 65.39 71602.8 0 

1/8/2002 1535 70.74 79228.8 0 

1/8/2003 1480 74.54 85348.3 0 

1/8/2004 1440 77.43 89818.8 0 

 

3. RESULTS AND DISCUSSION 

 

The results obtained from the developed software “QUANTIFY” are presented in this section and discussed herein. 

Dimensionless water influx and time were first determined from the pressure production data. After this, the Van-

Everdingen and Hurst superposition method calculated cumulative water influx. Aquifer and reservoir data were 

then matched to have a perfectly fitted curve in total compliance with the conventional Odeh and Havlena material 

balance plot. Subsequently, the least square regression was done to quantify the reserve for an undersaturated 

aquifer-supported reservoir. Figure 5 presents the result of water influx calculations using QUANTIFY, and the 

subsequent results in Figure 6 to Figure 9 are also obtained from the QUANTIFY tool developed in this study. 

 

 
Fig. 5. Water influx calculations using QUANTIFY. 
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In order to fit an aquifer model to the production history data, Van-Everdingen and Hurst model was employed. 

Correlations and polynomials [15] were used to determine the dimensionless time and dimensionless water influx. 

Also, an efficient superposition computer algorithm was developed to calculate the water influx in barrels from 

available data. The calculated variables are illustrated in Figure 5. After that, PVT data was input into the 

QUANTIFY tool, and MBE variables were determined, as shown in Figure 6. 

 

 
Fig. 6. Results for MBE variables calculation using QUANTIFY. 

 

Also, regression analysis was performed to fit a straight-line curve to the production history data. Regression 

variables calculated by the developed tool are represented in Figure 7. Although the data used to validate the 

QUANTIFY tool was known to be predominantly water drive, it was still necessary to validate this information. 

To achieve this validation, the "developed tool" computed the Water Drive Index (WDI) and the Depletion Drive 

Index (DDI) for each time interval using the conventional material balance approach. The calculated variables for 

WDI and DDI are shown in Figure 7. 

 

 
Fig. 7. Regression analysis results and energy drive variables determination. 

 

However, a 3D visualisation plot was performed by QUANTIFY tool for clarity. The plot is represented in Figure 

8. From the plot, it was observed that the reservoir is a combination of water and depletion drive energy. 

Furthermore, the plot showed a depletion drive between 69-55% and a water drive between 31-45 %. Thus, 

indicating that water-drive aquifer models can be fitted prior to reserve estimation. 

 

Invariably, some runs were performed in this study using QUANTIFY software to obtain the STOOIP of the given 

reservoir at the highest R2 value. These runs were done by varying the outer/inner reservoir radius (reD). 

Nonetheless, it was discovered that a reD value of 5.1 gave an OOIP of 312.32 MMSTB with an R2 value of 0.99483 

– which was the closest value to 1 (see Figure 9). It was then concluded that the reD value of 5.1 is the reservoir's 

true outer/inner radius because it matched perfectly with production history data and gave the highest R2 value.  

 

In a nutshell, the basic functionalities of the developed tool, QUANTIFY, are as follows: 

1. It determines the dimensionless water influx parameters using the Klins et al. [15] polynomial method. 

2. It adopts a novel superposition algorithm developed in this study for the determination of the cumulative water 

influx. 
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3. It employs the least square regression model to compute the STOOIP computationally without plotting charts. 

The charts presented by the tool were only for visual verification. 

4. It can show the reservoir's drive mechanism in a 3D plot for the sake of clarity. 

 

 
Fig. 8. Reservoir Energy drive plot using QUANTIFY. 

 

 
Fig. 9. History matching and reservoir volume estimation using QUANTIFY. 

 

3.1. Model validation 

Despite the reality of the results presented, it is paramount that the computer model used in this study is validated 

to guarantee a reduced computational error. Two methods were used to validate the results of this research. One 

method is the R-squared determination. This method refers to the ratio of explained variation to the total variation. 

That being said, the R-squared value was estimated to be 0.99483 – which is very acceptable. The second validation 

method employed in this study was the commercial software (MBAL) used to perform similar runs as the 

QUANTIFY software. Material balance plot to determine OOIP for the same reservoir was run on MBAL, and 

results from the commercial tool can be seen in Figure 10 and Figure 11. 
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Fig. 10. OOIP Graphical plot using MBAL. 

 

A STOOIP of 315.75 MMSTB was estimated using MBAL. Figure 11 shows the match points for the reservoir 

with and without an aquifer. Nonetheless, it was observed that the data points fitted perfectly at a permeability of 

327md and reD of 5.134 with a STOOIP of 315.75 MMSTB. 

 

The energy drive plot obtained from the MBAL tool is also presented in Figure 12 and was observed to have a 

similar trend to that obtained from QUANTIFY software. However, the driving plot provided by QUANTIFY 

software appears with better visual quality than that of MBAL because it was presented in 3D; meanwhile, the 

MBAL energy drive plot was in 2D. 

 

 
Fig. 11. History matching with or without water influx using MBAL. 
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Fig. 12. Energy drive plot using MBAL. 

 

More so, a comparative analysis was performed on results derived from MBAL, QUANTIFY and published results 

by Dake [11-12]. The comparison was performed using Dake's result as a base case while calculating the 

percentage error. The result is shown in Table 6. Results from the comparison showed that QUANTIFY tool gave 

a more accurate result than MBAL with lesser percentage errors. Although results from both tools are very similar, 

those obtained from QUANTIFY tool proved to be more precise. 

 

Table 6. Comparative analysis between MBAL, QUANTIFY and LP DAKE [11-12]. 

PARAMETER QUANTIFY MBAL DAKE %ERROR- 

QUANTIFY 

%ERROR- 

MBAL Aquifer model Hurst-Van 

Everdingen 

Hurst-Van 

Everdingen-Dake 

Hurst-Van 

Everdingen 

Reservoir 

Thickness (ft) 

100 100 100 0 0 

Reservoir Radius 

(ft) 

9200 9200 9200 0 0 

Outer/Inner Radius 

(reD) 

5.1 5.124 5 2 2.48 

Encroachment 

Angle 

140 140 140 0 0 

Aquifer 

Permeability (md) 

200 327.93 200 0 63.965 

OIIP (MMSTB) 312.32 315.75 312 0.102564103 1.201923077 

 

 

4. CONCLUSIONS 

 

This study successfully demonstrated that water influx parameters (WD and We) could be easily determined using 

the complex Van-Everdingen and Hurst Model. After water influx calculation, reserve estimation can be performed 

using the straight-line material balance method. This study used a least square regression model to express MBE 

as a straight line. Moreover, published data were used to test the validity of the developed model QUANTIFY. To 

determine the nature of the reservoir energy drive, the "developed tool" performed an energy drive plot in 3D for 

a qualitative visualisation. It was then confirmed that the reservoir was primarily driven by water influx and fluid 

expansion. Several runs were made using QUANTIFY tool to obtain the STOOIP of the reservoir with the most 

minimal error. A simulation run at an outer/inner radius of 5.1 gave a STOOIP of 312.32 MMSTB at an R2 value 
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of 0.99483 – which was the closest value to 1 of all the simulations run on the QUANTIFY tool. Therefore, the 

oil originally in place (OOIP) was determined to be 312.32 MMSTB. 

 

To validate the results obtained from the developed tool (QUANTIFY), a commercial tool MBAL was used to 

calculate STOOIP using the same data. OOIP was estimated to be 315.93 MMSTB, similar to the result obtained 

from QUANTIFY software. A comparative analysis was performed on MBAL, QUANTIFY and DAKE results, 

using Dake's result as a base/correct case. The percentage error in OOIP for QUANTIFY software was estimated 

as 0.1%; meanwhile, that of MBAL was estimated as 1.2%. Invariably, the percentage errors were lesser for 

QUANTIFY software than for MBAL. 

 

This study has shown that “Water Influx” parameters can be determined through appropriate correlations 

computationally without using charts or tables. The study has further confirmed the efficacy that reserve estimation 

for an aquifer-supported reservoir can be performed using Van Everdingen and Hurst aquifer model. This study 

used a 3D reservoir energy drive plot to visualize reservoir drive mechanisms better. 
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