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Abstract

The Software Complex “TRAST” provides an integrated study of hydrocarbon reservoir accumulation, optimization of the development model, and the development monitoring possibilities.

The geological simulation with the Software Complex “TRAST” gives a possibility to operate both with seismic and logging data, including seismic and logging data overlapping; creation of the structural seismic basin model; paleotectonic analysis; 2D & 3D dynamic visualization of the seismic-geological logging and geological data; petrological simulation; data logging interpretation; 3D structural model development; lithologic simulation; 2D reserve calculation; 3D reserve evaluation; statistical quality analysis of the geological modeling.

The hydrodynamic simulation with the Software Complex “TRAST” allows to obtain the BlackOil-type filtration model for oil and gas reservoirs having tectonic fractures; for reservoirs with double porosity and permeability; to calculate the production adapted to different modes of reservoir development; moreover, it gives a possibility to fulfill calculations taking zones of different phase penetration; direct hydrodynamic modeling of geo-technological actions (GTA); quality evaluation of the hydrodynamic model adaptation.

The monitoring block of the Software Complex “TRAST” provides to lock-on to the maps of surface network infrastructure and geo-informational systems; 3D visualization of reservoir geological structure and oil recovery analysis; efficient operative reserve resource estimation and output analysis.

Today the petroleum companies work out the computer simulation of hydrocarbon reservoirs mainly with use of import software packages, for example: GeoFrame, Petrel, Eclipse (Schlumberger) StratWork, Geographic, the VIP (Landmark), Irap RMS (Roxar) (Norway). These are qualitative computer systems, but not always flexible enough to meet all the specific features of a reservoir structure. 
The challenge to ensure the opportunities of full-scale simulation in view of geophysical research peculiarities in Russia, achieve the transparency of processing algorithms and operating the Russian-language interface has arise the creation of the “TRUST” Software Complex.

Development of the Software Complex “TRUST” is based on effective integration of the best Russian scientific, technical and technological achievements; and the software developments been created and modernized by the scientific, design and industrial organizations, actively working in modern service market for oil-and-gas industry. Developers of the “TRUST” Software Complex are domestic research organizations: the Russian Academy of Natural Sciences, Scientific Research and Constructive Institute for Oil and Gas, Gubkin State University of Oil and Gas, “Central Geophysical Expedition Co., Keldysh IPM of the Russian Academy of Science, “GIFTS” Ltd., “Tumen Institute of Oil and Gas” Joint-Stock Co., “UfaNIPIOil” Joint-Stock Co, “VENSIS” Ltd., IGG of the Russian Academy of Natural Sciences, “SurgutNIPIOil”Co., “VNIIGas” Co. 
Software Complex “TRUST” is a modern computer tool of geological-technological simulation of the hydrocarbon reservoirs, providing the decision of the diverse number of tasks varying from geological and hydrodynamical simulation to reservoir production monitoring. Software Complex “TRUST” is intended for functioning on the basis of a uniform database in WINDOWS, in handy Russian-language user interface with contextual help, and is focused on the Intel Pentium basis personal computers. The named package has the open modular architecture that provides flexibility and scalability of all complex, allows to increase easily functionality according to needs of the user.

Introduction of the Software Complex “TRUST” allows:

· to increase efficiency of oil reservoirs development, its designing, monitoring and the state control of rational use of mineral resources;

· to standardize representation of simulation results in the data formats corresponding procedural documents;
· to reduce the expenditure of program complexes purchase and support;
· to provide a high level of training of specialists and experts for oil-and-gas branch in higher educational institutions on the basis of accessible domestic personal computers and information technologies.

One of the Software Complex “TRUST” functions is creation and support of the hydrocarbon reservoirs technological models. Detailed digital models of hydrocarbon reservoirs (geological model) and simulations of the processes taking place in it (filtrational model) are used. We comprehend as a geological model the concentrated system of knowledge of a geological structure of the object, coordinated with a set of the geological-geophysical and production data obtained to the certain moment of time; and as a geological-technological model of a reservoir the computer digital models of geological space and processes proceeding in it.
Creation of a mathematical 3D, but precisely a 4D (the fourth axis is time) network geological-technological model is necessary for detailed calculation of initial balance reserves, localization of residual reserves in developed deposits, oil recovery, development projecting. Reservoir simulating is the base, allowing to solve the basic problem of the oilmen (petroleum workers), that is to choose valid decisions on drilling a concrete well, carrying out definite geological-technological actions.

The type of model and ways of its calculation are defined by a final task of its creation. In practice the following types of digital network geological models are usually applied: 

· the layer-by-layer (stratified) model representing a set of digital structural maps, maps of the general and effective thicknesses, maps of the basic petrophysical parameters as a whole for the calculated object or a single layer. The reservoir model is developed layer-by-layer out of large objects which the allocated productive layers are. Such type of the model is usually selected for calculation of the initial balance reserves or at an explorative stage when creation of more detailed model may cause some difficulties because of the lack of the obtained data on the studied cross-section;

· The "pseudo-three-dimensional" model is a set of the same maps, but in the general structure of reservoir each layer or a calculated object is divided into some sedimentary cycles (usually from 2 up to 8). The set of structural maps and parameter maps are developed for everyone sedimentary a cycle, and geometrizations of reservoir is made for every selected sedimentary cycle. In the further at filtrational simulation for detailed hydrodynamical model every sedimentary cycle is used as hydrodynamic layer or a zone interval Such type of model is chosen at the initial stage of reservoir production when the network of prospecting wells is rare and when the part of the network of productive wells has a small square. Except for calculation of initial hydrocarbon reserve balance, the model is used for hydrodynamical calculations and oil recovery;

· The detailed 3D network model represents the volumetric cubes of cells describing in details the reservoir structure up to allocation of separate prolayers by thickness of 0,4-0,5 meters. The structural network of a volumetric grid is calculated in view of seismic data and results of detailed well columns correlation. The cell dimensions 
[image: image1.wmf]D

x and 
[image: image2.wmf]D

y are chosen from established lateral variability reservoir properties and distance between the wells (usual it is 50 х 50 or 25 х 25 meters). The vertical cell sizes usually result from thickness of a collector prolayers and resolution of GIS methods. By experience of construction of network models the vertical size is about 0,4 – 1,0 meter. Except the specified cases, the detailed 3D network model is calculated for developed reservoirs for revealing and localization of not developed reserves;

· the 4D-model being based on the obtained experience the new ideas of all available data complex use; and on the universal software allows to carry out simulation of geological processes and processes of reservoir development in 4-scale metrics. The matter is that the stated new approach allows to split an axis of geological time and depth so as the modes of time and depth measurement are independent. That enables us to recreate mathematically precise in 4D space not only the modern structure of a sedimentary basin, but also the dynamics of reservoir modern structure formation with application of the paleotectonic and paleosedimentary analysis.

Reservoir production monitoring on the basis of the digital geological model is the basic and effective mechanism of the hydrocarbons reservoir development optimization. The use of spatial computer models allows to carry out an estimation of oil reserves, to predict development parameters, to allocate not-developed zones position at waterflooding, to select objects and technologies for application enhancing oil recovery methods. 

A long history of the reservoir development also promotes specification of its geological structure. Coordination of geological model and history of development is the major element of technology of reservoir modeling. It is connected with essential set of geophysical and production data and with the necessity to account the real load-work of layers and of separate prolayers.

The practical output from the results of spatial geological modeling is obvious: it is the more detailed and adequate representation of geological objects for hydrodynamical calculations treatment and to choose an optimal mode of reservoir development. Coordination of geological model and history of development is the major element of a oil-field (reservoir) modeling technology. In turn it causes the necessity to use essentially larger set of geophysical and production data and account the real load-work of layers and of separate prolayers already at a stage of geological modeling.

Geological model is the very base for projecting the technological parameters of reservoir development and the calculation of the production levels by years, that is it is the factor that finally determines the effectiveness of the investments ant the profits of the inputted means for infrastructure of the deposit. Hence, the accuracy of the parameters prediction depends on the reliability and conformity of the obtained model to the real geological structure on the reservoir.

The geological models development simultaneously with the drilling of new wells and geological-technological actions in the existing geological fund shows that construction process and moreover the accompanying monitoring (the latter is essentially important) must be undertaken at all stagers of reservoir development.

As the modeling experience displays, the rate of discorrespondence of the model to the real geological structure, being estimated by comparison with the new obtained data, depends on the complexity of the geological structure of the reservoir. If the geological structure is simple, the resources are confirmed in (15%, but the complex geological structure gives (50%.

When modeling old-developed reservoirs, the answer to the question where are the residual recourses at the definite moment, what is their volume, their interrelation in the reservoir, the following data are necessary:

· a detailed data on oil, water and gas the production wells;

· a detailed data on the waterflooding on the pumped wells;

· initial and result data on the production and hydrodynamic research of the productive and pumped wells;

· conclusions on the logging-control treatment;

· information on the perorations in wells;

· information on the layer pressure in the productive and pumped wells;

· the results of the capillary pressure of the strata fluids in various surroundings.

The filtration model should also consider the following factors and conditions:

· geological structure and filtration capacity properties of the layer with the high level of its detail description;

· discrete (lens-like) type of propagation of the sand bodies constituting the collector;

· probable mass interchange  inside the layer at pressure variations between the oil and gas fazes;

· compression of the reservoir and saturation of  its fluids;

· gravity and capillary forces influence on the height and propagation distribution of  fazes inside the reservoir;

The system of the Software Complex “TRAST” projecting on the bases of the filtration model is intended for carrying out the following procedures:

· variant-by-variant calculations of the technological, economical, technical-economical indexes of the developed object (reservoir) or its separate parts being presented by 2D or 3D geological models;

· the best technological decision selection on the basis of various criteria of effectiveness;

· determination of the geological-technological measures complex for improvement of the existing development model;

· modeling of the development process for the oil-and-gas reservoir with nearly unlimited amount of wells, unlimited amount of nodule points (the upper limit is found in dependence of the used personal computers power);

· modeling the reservoir natural exhaustion regime and the pressuring regime when pumping water, gas, water-bearing mixtures, edgings of chemical reagents, etc.;

· modeling of hydrodynamic layer cracking fracturing at the determined direction;

· accounting the work of equipment inside the well of the productive  and pumped wells.

The Software Complex “TRAST” provides a complete-work technological cycle for: construction and support of 3D-digital filtration (i.e. hydrodynamical) models of hydrocarbon reservoirs; fast adaptation of the developed models due to interactive monitoring of the simulation process; development of the effective high-scale algorithms; also for implementation of some important physical properties of the result decision, operative representation and the multilateral initial data analysis both in graphic and tabulated form; efficient updating and recalculation of models at the oil-and-gas production enterprises in situ. 

Now the Software Complex “TRAST” has been handed over to the leading High Schools of Russia to be included in the educational training (the Lomonosov Moscow State University, the Dubna International University of Nature, Society and Man, the Tomsk State Polytechnic University), also the petroleum companies have already started its application.
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