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Program
This project was selected in response to DOE’s Oil Exploration and Production
solicitation

Objectives

The objectives of this project were to develop reservoir simulators for complex fractured,
faulted systems. In achieving this objective, a framework to couple numerical and
physical models was required. One of the goals of the project was also to create thermal
and compositional modules for fractured-faulted systems. Development of new well
models for representing complicated wells was also one of the project objectives.

Performer
University of Utah, Salt Lake City, UT

Project Results

A simulation framework was finalized, wherein the “physical models” (black-oil, thermal
and compositional) and the “discretization methods” (control-volume finite element,
mixed finite element) were completely decoupled. The effectiveness of the decoupling
described was demonstrated for a reservoir with complex well system. The original well
model was developed for a black-oil simulator. A thermal physical model was coupled to
this module. The end result was that thermal simulations could be performed on complex
domains with complicated wells. Two distinct discretization methods, the control-volume
finite element and the mixed finite element, with their own advantages were created to
study complex domains with discrete fractures and faults and a verification hierarchy was
created to ensure that the solutions from the models were accurate. One of the outcomes
was that a single-phase analytical model for hydraulic fractures was used to validate the
control-volume finite element simulation results. A methodology to grid complex, three-
dimensional objects with faults and fractures was identified.

Benchmarking studies were performed on basement reservoirs, where, it was shown that
the performance of simulators developed agreed well with results from other simulators
such as Eclipse™. Intuitive well models of complicated wells for the mixed finite-
element simulator were developed. A thermal simulation model formulation was
completed and implemented for hot water flooding. The simulator structure was
modified to use not only the conventional reservoir simulation boundary conditions
(bottom hole pressure and rate constraints) but also constant flux boundary conditions
and Dirichlet (constant pressure) specifications.

Benefits
The main goal of this project was to overcome difficulties associated with the
representation and simulation of complex fractured/faulted systems with complicated



wells. Significant advances were made in achieving this goal with the development of
modular simulators that are able to access the most modern computational algorithms.

Background

Finite-difference methods, most commonly used in the current state-of-the-art reservoir
simulators is not suitable for representing reservoirs with complex geometry, particularly
faulted and fractured systems and for modeling complex well geometries. Three-
dimensional, three-phase black oil finite-element simulators developed at the University
of Utah provide true unstructured three-dimensional gridding to model complex domains.
Modular standardization, parallel protocols, new well models, new thermal and
compositional simulation possibilities implemented in this project have provided
enhanced capability and functionality to model complex reservoir systems.

Project Summary
The project has made it possible to simulate complicated domains with fractures and
faults and systems with complex wells such multilaterals.

Major accomplishments were:

e Decoupling of physical and numerical models allowing rapid simulator
development
Incorporation of the most modern solvers
Direct compatibility with sophisticated fracture generation and meshing programs
Three-phase finite element simulations of systems of complex geometry

Two distinct numerical algorithms appropriate for specific applications — CVFE
and MFV

e Benchmarked well models — allowing simulation of complex multilateral wells in
complicated geometry

e Benchmarked hydraulic fracture simulations using compressible single-phase
flow analytical results

e Thermal simulation of complex geologic fractured systems with complex wells
now possible

e Parallel formalism for unstructured grids

This project has created tools to better manage fractured/faulted reservoirs and reservoirs
with complex wells. Better management of these reservoirs will lead to significant
improvement in oil and gas production from these reservoirs.

Current Status

The project is its second year. It will conclude in September 2007. Tasks for Year 3
include:

Task 1: Simulator development

Development of compositional simulators for fractured domains will be completed.

Task 2: Multiscale methods
Different time-stepping schemes to solve fracture-matrix problems will be examined.



Task 3: Well models
Well models for three-dimensional, three-phase CVFE simulator will be developed based
on results from the MFE well schemes.

Task 4: Generation of fracture domains

Tight data integration between outcrop analyses, logs and seismic tools will be used to
create fractured reservoir domains. Efficacy of tools such as Fracman (FRED) and Petrel
will be compared and evaluated.

Task 5: Parallel methods

Parallel schemes are already in place. These will be tested on our cluster (18 processors)
and bigger machines at Center for High Performance Computing (CHPC) at the
University of Utah.

Task 6: Developing a CCA compliant architecture
The modular structures proposed and XML-based input files have been created. Next
step is to identify and create CCA compliant modules.
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The two heterogeneous domains used to demonstrate the capability of being able to model and
simulate heterogeneity in the plane of the fractures. In the left panel, three permeabilities (low=10
md, medium=100 md and high=1000 md) were distributed randomly and evenly (33% each). In the
right panel, domain with 80% low and 20% high permeability distribution is shown.
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The domain and the grid system used to demonstrate the applicability of the simulator to model
multi-segmented wells
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A faulted-fractured domain simulation showing advantages and disadvantages about producing from
the fault zone
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