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Porosity and water saturation are the key reservoir parameters for hydrocarbon
and water prospecting. To determine the mentioned parameters the set of equations that
combine geological parameters with well logs is constructed [1, 3]. The goal of this paper is
to present a comprehensive application for processing and interpreting these well logs.
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Porosity and lithology are calculated from the set of equations describing model of
a rock formation (1). These equations combine porosity and percentage volume of rock
components with corresponding logs through the given geological factors and parameters
of formation water. Water saturation is obtained from resistivity log (RT or RX0) [3].
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where:
Pi – geophysical measurement,
δi – measurement error,
wi – weight of measurement,
aij – geological factor,
Vj – percentage volume of component (mineral, porosity, water saturation),
N – total number of components.
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Optimal solution to above-mentioned set of equations is obtained by minimizing
the error function, defined as a difference between theoretical value and observed value [1, 3].
The objective function is given by formula (2):
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where:
φ – porosity,

Vj – percentage volume of mineral component,
Sw – water saturation,

theor
iP – theoretical value,

obs
iP – observed value,

M – total number of measurements.

Assumptions:
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Application for well log processing and interpretation was written in C# programming
language, using integrated development environment Microsoft Visual Studio 2008 Profes-
sional and ALGLIB – a cross-platform numerical analysis and data processing library. For
finding a proper solution to (2), minbleic subpackage was used – a part of ALGLIB library
which supports boundary and linear equality/inequality constraints [4]. This subpackage
allows to use BLEIC (Boundary, Linear Equality – Inequality Constraints) algorithm, based
on nonlinear conjugate gradient method, to solve following optimization problems (3):
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For every depth minbleicoptimize was performed using the optimal solution from pre-
vious depth as starting points. For the first depth starting points was obtained by the Monte
Carlo method [2]. Gradient was calculated by ALGLIB through numerical differentiation
provided by minbleiccreatef method.
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Optimization methods

Nonlinear conjugate gradient method (NCGM) is generalized form of the conjugate
gradient method adapted to nonlinear optimization. In general, the NCGM is an determinis-
tic optimization algorithm that finds the local minimum of a nonlinear function using its
gradient. Monte Carlo method (MCM) is used for finding a global minimum of the objec-
tive function by random sampling. The MCM is a time-consumed method, therefore num-
ber of iteration was limited to 105 iterations.

ALGLIB library – example of use

Minimize:

f (x, y) = (1 – x)2 + 100( y – x2)2

subject to:
0 ≤ x ≤ 3
0 ≤ y ≤ 3
x + y = 4

Code:

class Program
{

static void Main(string[] args)
{

gradient();
}
static void gradient()
{

double[] x = new double[] {0, 0}; //initial values x = x[0], y = x[1]
double[,] c = {
{ 1, 0, 0}, //x[0] >= 0
{ 1, 0, 3},�//x[0] <= 3

{ 0, 1, 0}, //x[1] >= 0
{ 0, 1, 3}, //x[1] <= 3

{ 1, 1, 4} //x[0] + x[1] = 4
};

int[] ct = new int[] { 1, –1, 1, –1, 0 }; // >= <= >= <= =

alglib.minbleicstate state;
alglib.minbleicreport rep;
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//stopping conditions for the optimizer
double epsg = 0;
double epsf = 0;
double epsx = 0;
int maxits = 0;

//differentiation step
double diffstep = 1.0e–6;

alglib.minbleiccreatef(x, diffstep, out state); //creating optimizer
alglib.minbleicsetlc(state, c, ct); //adding linear constraints
alglib.minbleicsetcond(state, epsg, epsf, epsx, maxits); //tuning stopping condi-
tions
alglib.minbleicoptimize(state, rosenbrock, null, null); //optimization
alglib.minbleicresults(state, out x, out rep); //obtaining results

//printing values of x[0] and x[1]
Console.WriteLine("x = " + Math.Round(x[0], 3).ToString());
Console.WriteLine("y = " + Math.Round(x[1], 3).ToString());

//printing the value of f(x[0], x[1])
double rval = 0;
object o = new object();
rosenbrock(x, ref rval, o);
Console.WriteLine("f(x, y) = " + Math.Round(rval, 3).ToString());

Console.ReadKey();� }

static void rosenbrock(double[] x, ref double func, object obj)
{

func = (1 – x[0]) * (1 – x[0]) + 100 * (x[1] – x[0] * x[0]) * (x[1] – x[0] * x[0]);
}

}

Results:
x = 1,561
y = 2,439
f(x, y) = 0,315

Program description

For calculations the following set of logs was given:
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The expected input was – beside parameters defined by user – the file with logs en-
crypted in LAS format (Fig. 1).
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LAS format description

LAS (Log ASCII Standard) is a standard file-format to store well log information [5].
Each LAS file contains numerous sections and each section begins with a tilde (~) mark.
The sections that make up an LAS file are as follows:
BC 5 �
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� �
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Well Information section defines the following mnemonics:

STRT.M – the first depth in the file;
STOP.M – the last depth in the file;
STEP.M – the depth increment used;
NULL. – the null value.

The hash sign (#) is used to indicate that the line is a comment line.

Application in use

The main window (Fig. 2) allows to:
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The Parameters window (Fig. 3–6) allows to:
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Every component contained in Parameters window can provide short information
(hint) when the user places the pointer on its name. This mechanism is known as tooltip
(Fig. 8).
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After clicking the COMPUTE button a progress bar (Fig. 9) which visualize how many
of depths was already computed became visible. After completion of calculations the
Results window is shown.
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The Results window (Fig. 10) consists of:
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When user clicked on the lithology graph the Legend window appears (Fig. 11).
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Every component contained in the Results window can provide basic information such
as log name and the range of taken values via tooltip. Precise values of percentage volume
of selected minerals, pore space and water saturation are available in automatically generat-
ed LAS file, placed in folder containing input logs, under the name given by user (Fig. 13).
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The purpose of this paper was to present a comprehensive application for determining
the lithology, porosity and water saturation from well logs. Presented application makes it
possible to compare experimental logs with computed logs as well as to visualize a total
error, what significantly simplify verification of results correctness, allowing to enhance
models that was used in interpretation. Moreover, output data encoded in LAS format allow
to perform further processing of obtained results in another programs.
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www.alglib.net/optimization/boundandlinearlyconstrained.php
www.cwls.org/wp-content/uploads/2014/09/LAS12_Standards.txt

