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Multiphase Fracture-Matrix
Interactions Under Stress
Changes 

DE-FC26-01BC15355

Program
This project was selected in response to
DOE Oil Exploration and Production solic-
itation DE-PS26-04NT15450-3B, with a
focus on Enhanced Oil Recovery. One goal
of the solicitation was to promote under-
standing of fractures and methods for
increasing oil recovery

Project Goal
The main objective of this project is to
quantify the changes in fracture porosity
and structure and multi-phase transport
properties, including fracture-matrix inter-
actions, as a function of confining stress.
Extensional and shear fractures are consid-
ered.

Performer
Pennsylvania State University
University Park, PA

Project Results
The project achieved the ability to map in
three dimensions the distribution of oil and
water in a fracture and relate that distribu-
tion to effective permeability at various
fractional flows—including hysteresis
effects—and to fracture-matrix interaction. 

ferences in oil-water occupancies in shear
fractures parallel and perpendicular to bed-
ding were observed.

Current Status (August 2005)
The project is proceeding under a 1 year,
no-cost extension and will be completed by
Sept. 20, 2005. 

Benefits
The results provide new understanding of
two-phase flow in fractures, including
fracture-matrix interactions, and should
improve modeling of fluid transport in
fractured formations. 

Background
The main driver for the project is the great
need to accurately model and optimize
transport in fractured systems, in order to
improve industry’s limited understanding
of the detailed physics of these transport
phenomena. 

Project Summary
Among the project’s achievements:

• Fracture topoplogy was obtained using x-
ray computed tomography (CT) to include
fracture surfaces, fracture volume, and
structural relation to the matrix. 

• Oil and water occupancy in the fracture
was measured by CT and related to effec-
tive permeabilities of the two phases. 

• Counter-current imbibition between the
fracture and the matrix was documented
and quantified and shown to be significant
and rapid. 

• Effects of changing confining stress on
fracture properties have been quantified,
including the changes in occupancy and
transport of oil and water. Significant dif-

Water imbibing from fracture, top left. Disconnected oil globs within the fracture at residual oil saturation, top right.
Three-dimensional renditions of a shear fracture in a layered sample, bottom. Fracture asperities (red) at 500 psig (left)
and 2,500 psig (right). 
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Project Start: September 21, 2001
Project End: September 20, 2005

Anticipated DOE Contribution: $439,887
Performer Contribution: $110,154 (25% of total)

Contact Information
NETL – Virginia Weyland (virginia.weyland@netl.doe.gov or 918-699-2041)
Penn State U. – Abraham S. Grader (grader@pnge.psu.edu or 
814-865-5813)
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