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ABSTRACT

In nature, most of the subsurface geological structures have an asymmetric shape. To estimate the volume of such structures numerical integration is used. Two methods have been analysed for volume estimation of geological structures: 
trapezoidal and Simpson´s method. Both methods estimate the volume of the structure, because they have a certain error in the calculation. Two examples of the hypothetical hydrocarbon reservoirs are presented: massive and layered ones. 
Differences between volume calculations obtained by trapezoidal and Simpson formulas mostly are not significant. Larger number of sections generally leads to smaller differences between volumes calculated by trapezoidal and Simpson 
rules. In even number of sections, the recommendation is to apply Simpson and top formulas. If number of sections is odd, the combination of Simpson's formula for “n-1" sections, trapezoidal for “n-th” section and top formulas for the rest is 
appropriate.
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Ia. TRAPEZOIDAL RULE

MASSIVE RESERVOIR

Figure 2: Approximation curve f with 
straight line L 

Figure 3: Trapezoidal rule with 2 subintervals (a) and with 5 subintervals (b)

Ib. SIMPSON RULE

Figure 1: A solid object with boundaries 
extending from x=a to x=b

Figure 4: Interpolation curve f with P Figure 5: Simpson's rule with two subintervals 
(a) and with 2n=6 subintervals (b) 

Geological structures such as anticlines are the most hydrocarbon traps (e.g., Malvić & Velić, 2008). However, 
such structures mostly have partially irregular shape and geometrical approximation with truncated cone is not 
ideal (e.g., Malvić et al., 2014). For this reason analytical integration cannot be applied to estimate volume of 
such structures. However, if the area A(x) of cross section parallel to the plane yz (Fig. 1) is known, integral 
formulation (Eq. 1) can be used to compute the volume of a body in certain boundaries - a,b. However, in this way 
the irregular body cannot be exactly calculated. Consequently, approximate methods for the volume calculation 
are used like trapezoidal and Simpson´s method (e.g., Scitovski, 2014).

Equation 1

Trapezoidal rule is based on the method in which curve f is approximated with straight line L, 
as shown on Fig. 2. The area bounded by curves f, line x = a and x = b, and the axis x 
approximates the trapezoidal area with the bases of lengths f (a) and f (b), and the height (b-a) 
(e.g., Čančarević, 2016; Eq. 2).The same result is obtained by integrating function (Eq. 3) L 
on the segment [a,b].

Equation 2

Equation 3

With this method approximation is relatively good, but there are still possible errors. So, to 
minimize the error it is necessary to divide interval [a,b] by points a=x_0,x_1,x_2,…,x_(n-
1),x_n=b  on n segments equal lengths, Figure 3. Final form of trapezoidal rule is Eq. 4, 
where is «h» length of each segment. With this method the error is smaller, but still 
present. To calculate the error obtained with trapezoidal rule second derivation of function 
f is required, (Eq. 5): If f is first degree polynomial, respectively function whose graph is straight line, 
solution error is zero.

Equation 4
Equation 5

Equation 6

Equation 7

Equations 8 and 9

Simpson rule is based on the idea to approximated the curve f with second-degree polynomial (Eq. 6). Graph of the 
function P is a parabola (Fig. 4), where unknown coefficients a , a , a  are calculated from Eq. 7. The integration of 0 1 2

function P on segment [a,b] is performed with Eqs. 8 and 9. That segment is divided with points a=x , x , x ,...,x ,x =b 0 1 2 n-1 n

on even number n=2m subintervals of the same length h=(b-a)/n (Fig. 5). General form of Simpson’s rule is given in 
Eq. 10 and error can be calculated with Eq. 11. 

Equation 10 Equation 11

Numerical integration is used in calculating the approximate volume of 
hydrocarbons reservoirs. Geology problems of this type have been studied 
earlier (e.g., Malvić et al., 2014). With the aim of economic benefit, it is 
necessary to get enough data for mapping and volume calculations, with minor 
or no additional need to collect new data. Moreover, hydrocarbon reservoirs are 
most commonly closed with structural traps, i.e. anticlines. Such examples (e.g., 
Malvić and Velić, 2008; Velić, 2007; Velić et al., 2015), based on this structure, 
are used in this analysis (Figs. 6 and 7)..

Figure 6: Massive type of hydrocarbon 
reservoir

Figure 7: “Layered” reservoir of irregular 
bracgianticline

Figure 8: Mechanical device for integration 
called planimeter

The understanding of calculation procedure is more important than data 
quantity. Presented results proved that statement. It is also necessary to understand 
mathematical backgrounds of given approaches as a base for regular and correct 
calculations of subsurface structure's volumes. Here are the main 
recommendations and conclusions derived from presented methods and results: 

41. Simpsons's rule is more accurate because it depends on h  and error will 
2reach zero faster unlike trapezoidal rule where error depends on h . For 

Simpson’s rule, error is zero when f is a polynomial whose degree is at most 
three, while for a trapezoidal rule error is zero when f is a polynomial of the 
first degree.

2. Method of calculation depends on the number (more is better) of sections, 
and more – whether such number is even or odd.

3. The new approach is proposed for odd number of sections. Simpson's 
formula is used till penultimate isopach (even number of parts), and volume 
of the last section is calculated using the trapezoidal rule. The result is a 
sum of those two volumes.

4. All volumes need to be increased with a volume of the top, i.e. volume above 
the last isopach.

5. Different calculations, for the same number of sections, can be relatively 
compared using the deviation formula.

6. Described approach is valid for using in the case of “symmetrical” structures 
like anticlines or gently elongated brachianticlines. 

LAYERED RESERVOIR

Even number of sections

Odd number of sections

Figure 9: Isopach map of massive reservoir. Volume between 
contact water/HC - reservoir top. Top height is 1 m.

Figure 10: Isopach map of layered reservoir. Volume between 
contact water/HC - reservoir top. Top height is 1 m.

Table 1: Volume (Figure 9) calculated with trapezoidal and top 
formulas for even number of sections

Table 2: Simpson’s and trapezoidal total volumes (Figure 9) of 
reservoir, and their difference and deviation - odd number of sections

Table 3: Volume (Figure 10) calculated with Simpson’s and trapezoidal 
formulas - n (even) sections (contact-bottom) (UP);

3total volume of layered bed in m  - even number of sections (DOWN)

Table 4: Simpson’s and trapezoidal total volumes (Figure 10) of reservoir, 
and their difference and deviation - odd number of sections (contact-bottom) 

(UP); total volume of layered reservoir - odd number of sections (DOWN)

Isopach (contour) map for the massive reservoir is shown at Fig. 9 and for layered at Fig. 10. Results obtained with Simpson’s and/or trapezoidal formula(s) are shown in 
Tables 1 and 2 (massive) and 3 and 4 (layered reservoir). The preciseness has been simulated with different equidistance / 54, 10, 25 and 50 m. The volume of the top (V ) is T

calculated as an arithmetic average of the results of the following formulas - pyramidal and spherical (Eqs. 12, 13, 14).

Equation 12 Equations 13 and 14


