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Grant DE-FC07-98ID13621

Quarterly Progress Report for July-September, 1998

1 Progress this Quarter

In this quarter, the focus of the effort has been on: industry interaction at the GRC annual meeting, additional cross-platform development, design of the finite element program, and demonstration of automatic meshing.  Progress on these tasks is described below.

2 Background Summary of Project

The goal of this project is to develop more realistic models of flow in fracture-dominated geothermal reservoirs.  The objective is to improve injection/production strategies to maximize economic extraction of energy from geothermal reservoirs.  This capability will be applied to the Dixie Valley reservoir.

Realistic reservoir models are needed because long-term, economic operation of geothermal reservoirs requires that injection be used to recharge fluid and recover additional thermal energy.  However, the potential to develop a short-circuit and prematurely cool the produced fluid makes reservoir operators cautious when approaching injection.  The model, Geocrack3D, will focus on explicit representation of flow in fractures, including fracture opening due to pressure and temperature changes in the reservoir.  This will make it possible to address more clearly issues such as the effect of thermal cooling on flow in the reservoir.  A feature-based geometric description will simplify the task of the analyst when developing a reservoir model.

The research includes model development at Kansas State University, tracer and reservoir analyses at the Energy & Geoscience Institute University of Utah, and industrial collaboration, including technical oversight, by Oxbow Power Services.  Further information, including schematics of the current two-dimensional simulation technology that will be extended in Geocrack3D, can be found at http://www.engg.ksu.edu/~geocrack. 

In the first year of the project, the capability for modeling fluid flow on 3D planar fractures (including tracer simulation) will be developed and used to simulate tracer results from the Dixie Valley geothermal field.  In the second year, further model development will include incorporation of porous flow and heat transfer into the 3D solution.  At this stage, the model will be used to predict the thermal performance of the reservoir and to provide an analysis of the proposed reservoir injection/production operating strategy.  In the third year, the effects of rock deformation will be added to the numerical model.  This model (named Geocrack3D) will be used for the complete prediction of reservoir performance at Dixie Valley.  It will also be used to investigate why cold water injection often results in near-wellbore permeability enhancement.

3 Interaction with Industry

3.1 Booth at 1998 September GRC Meeting

Kansas State University had a booth at the September GRC meeting where we displayed Geocrack2D, the Geocrack3D prototype, and discussed our work at Kansas State University.

4 Progress on Model Development

4.1 Cross-Platform Porting and Graphics

In the last quarter, we implemented OpenGL in the Zinc cross-platform environment.  This allows us to use one common source code and still execute and display on either Windows or Unix platforms.  In addition to the graphics, it was also necessary to make some modifications so that the implementation of the geometrical data base could compile on Unix (different compilers are at different stages of implementing C++ templates).  We completed these changes, and the code now compiles on all platforms.

We also completed implementation of a general method to save the data describing the model.  We can now read and write data bases of a reservoir model.

4.2 Finite Element Analysis and Design

Another goal is to apply the best methods of object-oriented design to our program development.  During this quarter, we continued our software design.  We have completed a draft document of the design and would be glad to send it to anyone who is interested.  The coupled physics of the problem provides a challenge, since we solve the structure, fluid, and heat transfer problems simultaneously.  We are now in the process of implementing the finite element classes.

4.3 Meshing

Another goal of the development is to allow the user to work at the feature level of the problem (fractures, wellbores, etc.), not having to consider the grid that will eventually be used to obtain a numerical solution.  To accomplish this, we need the capability to automatically mesh surfaces and volumes.  In the last quarter, we wrote the class object that meshes arbitrarily shaped planes.  

In this quarter, we implemented a demonstration of this capability as part of the model.  We will need to further refine the algorithm, but Figure 1 shows the initial capability applied to an example model of the Hijiori reservoir.
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Figure 1: Simple example showing mesh of planar fractures

4.4 Miscellaneous

Many small tasks were performed that will be integrated into the final solution.  One of these tasks was the implementation of bandwidth optimization.  We also did preliminary solutions of injection into a single fracture, comparing our results to the analytic solution.  We also did background work in preparation for implementation of the tracer algorithm.  This included solving the differential equation for the tracer path when the velocity is a known bilinear function over the element. 




















