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Program

This project was funded through DOE’s
Natural Gas and Oil Technology

Partnership Program. The Partnership
Program establishes alliances that combine
the resources and experience of the nation’s
petroleum industry with the capabilities of
the national laboratories to expedite
research, development, and demonstration
of advanced technologies for improved
natural gas and oil recovery.

Project Goal

The project goal is to develop an improved
understanding and tools for the manage-
ment of reservoirs. The geomechanics
approach to the characterization, stimula-
tion, and production of oil reservoirs
involves the characterization of natural
fracture systems, the measurement of in
situ stress, the development of an under-
standing of the evolution of stress state
with reservoir production, and the determi-
nation of the mechanical and transport
properties of reservoir rocks and fracture
systems and how those properties change
with the evolving stress state.

Performers

Sandia National Laboratories
Albuquerque, NM

Project Results

The major results from this project are in
three areas:

e New methods were created for charac-
terizing fracture systems and understanding
their effect on reservoir production.

e Through the development and exploita-
tion of new experimental techniques for
imaging pores in rock, researchers devel-
oped computational methods to simulate
how fluids (single-phase, and multi-phase)
move through the pore network (or are
trapped in pores).

e Project performers discovered and
demonstrated the potential effect of local-
ized compaction zones on reservoir pro-
duction resulting from changes in stress as
the reservoir is produced.

Benefits

The benefits resulting from this work are
many. It has resulted in several partner-
ships with industry (most notably, with BP,
Phillips, ExxonMobil, BHP, Chevron,
Conoco, Halliburton, and Unocal) to sup-
port the development and implementation
of methods that have significantly reduced
drilling and production costs in the Gulf of
Mexico. The project efforts also have
resulted in the elucidation of phenomena,
such as the formation of compaction
bands, that can be demonstrated to have
potentially significant effects on long-term
reservoir production, if not addressed
through careful production planning and
management. This fundamental work also
has spawned numerous research efforts at
technical institutions and universities
across the country to better understand the
conditions leading to the formation of het-
erogeneous compaction or shear states.
Related efforts to assist production compa-
nies in the Gulf of Mexico has led to drill
hole stabilization methods saving millions
of dollars.

Background

Reservoirs are dynamic systems that are
constantly changing during their production
history. Primary hydrocarbon production
of a reservoir will reduce the pore pressure,
increase the effective stresses and alter the
formation permeability and fracture flow
characteristics. Improving reservoir man-
agement requires the characterization of
reservoir fracture networks, meaningful
mechanical property and permeability data
that are obtained under realistic reservoir
conditions, and an improved capability to
integrate coupled mechanical-fluid flow
effects into reservoir production models.

The key elements in the application of this
geomechanics approach to the characteriza-
tion, stimulation, and production of oil
reservoirs are the characterization of natural
fracture systems, the measurement of in situ
stress, an understanding of the evolution of
stress state with reservoir production, and
the determination of the mechanical and
transport properties of reservoir rocks and
fracture systems and how those properties
change with the evolving stress state.

Field example of localized deforma-
tion preventing fluid movement.

Project Summary
Recent work entails:

e The development of methods to better
characterize and understand the effects of
fracture systems on production. These
include the modeling of stresses and result-
ing fractures within sinuous reservoirs,
comparison of the model results with the
empirical field observations, and an assess-
ment of the optimum methods of exploiting
the anisotropic drainage caused by fractur-
ing within such reservoirs; and the compar-
ison of outcrop fault and fracture patterns
with recently acquired seismic data over
the Teapot Dome, as well as the construc-
tion of a model predicting spatial variations
in fracture orientations and intensities
around such structures.

e New experimental techniques to image
and model fluid flow through rock pores,
such as 3-D imaging and geometry analysis
using newly developed laser confocal
microscopy (a complete model of the solid
and pore space in a small cube of rock at 1
micron resolution can be created); algo-
rithms to artificially generate 3-D porous
media based on observed and/or contrived
pore geometries; and modeling of flow
through highly detailed model materials
using multiphase flow theory and Lattice
Boltzmann algorithms, revealing details of
the effects of pore geometry on effective
permeability and flow.

e Elucidation and demonstration of the for-
mation of heterogeneous compaction
(compaction bands) in porous rock and the
potential effects on reservoir production.
Specifically, researchers performed exten-
sive assessments of the mechanical proper-
ties (porosity, modulus, cementation) and
the boundary conditions (stress magnitudes
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and anisotropy, pore pressures) that can
lead to the formation of compaction bands.
Formation of compaction bands could lead
to destructive compartmentalization of
reservoirs. If such conditions and proper-
ties can be identified and successfully pre-
dicted, such reservoir conditions can be
avoided.

Current Status (June 2005)
Althought the project was completed, relat-
ed industry research on compaction bond-
ing continues.

Laboratory
experiment
replicated field
conditions and
formation of
compaction
zones.
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