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Mapping & Volumetrics
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Introduction


The GST software - is the up-to-date product, designed for addressing a wide range of geological mapping questions, data analysis and operational evaluation of hydrocarbon reserves. The basis of it was made by the advanced mathematical methods and many years' experience of the authors in the construction of digital models of geological and geophysical fields.  

The operational experience has forced us to avoid using the method of the "red button", when the entire sequence of steps, needed for solving of the real-world problem, is wired into the program, and the user is required only to load the input data correctly. Instead of this there was chosen a completely different method. The architecture of GST is organized by a constructor type; this allows a specialist to develop the algorithm for the problem solving - from data download to the reporting graphics design. At the same time, the program memorizes all the settings and structure of the project, making it "transparent" and readable. That is, having returned to work with the data over some time, you can easily recover the sequence of all the actions and repeat the calculations.

We have tried to spare the user as much as possible from infinitely repeating "mechanical" work and to give him the opportunity to focus on the content of the task. The program in the automatic mode monitors the compliance of the construction results with the settings made and the input data and, in the case of changes of the last-named, warns about the need of a new calculation. And due to the technology, known in some packages as workfolw, the recalculation can be executed in the automatic mode. The proposed approach allows to use the GST projects as templates for typical problems solving: it is enough just to copy the project or its separate "branch" and to substitute another input data.
This program was originally designed for operation with large volumes of information, and the appearance of the full 64-bit version has removed the system limit of 2 GB for the working memory used. Also, in order to simplify the work there is a possibility to divide a particularly large task into a number of interrelated projects; at the same time the connection between the projects is carried directly, without any exchange files.

While developing the GST, we tried to make it maximum conveniently pluggable as an intermediate in the line of the other software methods. To provide this, we readily widen the list of import-export formats and implemented the technology of automatic update of the imported input information from external files, and also the operative batch export of the calculation results.
Mapping
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Development of the high-quality digital grid model of the geological field is the basis for further work: construction of 3D models, estimation of reserves, paleotectonic analysis etc. If the input data are of good quality and are distributed equally over the area, the calculation of the numerical grid is easily accomplished with the help of any of the well-known mapping methods, otherwise, the 2D mapping problem should have serious mathematical basis. In the GST the variational approach is realized, having being developed by the authors since the middle of the 70's, allowing to accomplish the following tasks of 2D geological modeling:[image: image7.jpg]



· Mapping (including regional maps for large areas) using the heterogeneous geological information. Disjunctive disturbances accounting.

· Construction of the tied up frame of structural surfaces taking into account their onlapping and flatting of structures as the basin is being filled with sediments.
· Mapping of gross thicknesses, rich toolkit for paleotectonic analysis conducting.

· Mapping of geological parameters with the possibility of their connection with depth, structural forms or maps of any other parameters.
· [image: image8.jpg]


Mapping of physical quantities (pressure, temperature, etc.), taking into account physical basis of the distribution of these parameters.
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While developing the program special attention was paid to the concurrent utilization of the heterogeneous direct and indirect information in mapping:
· Stratigraphic breakdown of wells, presented in tabular form;
· Results of interpretation of 3-D seismic data with the possibility of orderly associating with 2-D seismic;
· Results of interpretation of 2-D seismic data of different years with the possibility of solving the problem of discrepancy between the profiles;
· Any “x, y, z” information, containing data not only on the values ​​of the mapped field, but also on its differential characteristics: gradients, curvatures, etc.
· Pinchout lines, onlapping, claying, digitalized map isolines, etc;
· Fragments of other authors’ maps, one-on-one, built-in on a given area;
· Differential and statistical relations of the mapped field with maps of other geological parameters. These relations are given in the form of algebraic or differential equations and make it possible to bind values, gradients or curvature of the mapped surface with the corresponding characteristics of other fields.
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Integral data. There is an opportunity to set the integral value for the certain area, this allows, for example, to build a map of thicknesses with a given rock volume or a map of another parameter with a given average value.

The user is given the possibility of "manual" edition of maps, by the means of adjustment of the constructed grid isolines. The versatile tool of the surfaces redaction with the help of "inserts" - allows to detail the model in any local rectangular area, and also to change the parameters of the construction partially or completely and the input data, compared with the global settings, at the same time smoothly merging the boundaries on the surface. 
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Volumetrics
The estimation of reserves in the GST is produced by the volumetric method by integrating the maps of the effective oil-saturated thicknesses at the estimation areas with summation on arbitrary fields: reserves categories, zones of saturation, etc.

The algorithm of the deposit geometrisation allows to extract as polygons all the possible saturation zones and to construct the estimation zones in the automatic mode on the basis of the collector’s top and bottom maps and owc, ogc, gwc depth.

In the GST there is a convenient and easy toolset for setting up the borders of the reserves categories, allowing to generate the elementary geometrical figures: rectangles and circles of the given sizes with centers in the well points, framing polygons, specially oriented lines.

The user is provided with wide opportunities to edit lines and polygons.
· Drawing of lines and polygons by the broken line and spline;
· Cutting, connection of lines, editing of a line part;
· Conversion of  line coordinates (transition, rotation, scaling);
· Quick procedure of searching of intersection points, cutting of lines through the intersection points;
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Set-theory operations with polygons: association, intersection, subtraction, cutting by lines. 

The calculation procedure allows to set up the volumetric parameters (porosity, saturation, etc.) on sites, both by numbers and maps (grids). The calculation results are summarized in the table, where are represented not only the volumes of hydrocarbons, but all the average volumetric parameters for categories and arbitrary polygons.

[image: image13.png]


Operations with data

In the GST there is a wide toolkit, helping a specialist to analyze the initial information and the construction results, edit, convert the data to the required type, and more.
The program supports varied coordinate projections and coordinates measurements units, gives the possibility to convert the coordinates in the automatic mode on the import or export data stage, to implement the axes shifts (keys), to filter the information on a specified rectangular area.
The wide opportunities are provided for operating with data tables: mathematical operations with columns, varied types of sorting, selecting by complex request, link of table data with their graphical representation on the map, etc.
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 Calculator module adds to the GST elements of programming, as with its help it is possible to produce various mathematical and logical operations with the data, operations of differentiation and integration, to convert data from one type to another, and so on.
The block Analysis of structures is designed for extraction of the morphological elements of the geological surface, for determination of their characteristics – area, amplitude, rank, strike azimuth.

Graphics design

· Positioning of the output areas with different scales of drawing in the printer layout;
· Representation of maps in isolines or filling; drawing of polygons and lines, creating line styles;
· Representation of wells by standard icons and captions, drawing of seismic profiles;
· Depiction of tables, images, stamps, drawing scales, tables of symbols, sections;
· Representation of injection capacity and water cut diagrams, rose-diagrams of tracer investigations.
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